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Introduction/Background: Major Histocompatibility Class II (MHC-II)
molecules are transmembrane proteins that are essential to the develop-
ment of the normal adaptive immune response. The genes that encode the
MHCII include the Regulatory Factor X-Associated Ankyrin Containing
Protein (RFXANK), Regulatory Factor X-Associated Protein (RFXAP),
Regulatory Factor X, 5 (RFX5), and MHC-II transactivator (CIITA) pro-
teins. Homozygous mutations in these genes lead to MHC-II Deficiency
Syndrome and have been associated with early onset and severe respira-
tory and gastrointestinal infections, failure to thrive, and premature death.
Herein we report two cases with significant clinical manifestations of
immunodeficiency in patients with heterozygous mutations of the
RFXANK proteins.
Objectives: To describe two cases of novel RFXANK gene variants and
their respective phenotypes.
Methods: The patients were evaluated in the office for possible immune
deficiency. A retrospective chart review was conducted examining med-
ical history, diagnosis and response to treatments.
Results/Case Description:
Case 1: A 55-year-old female presented for recurrent mucocutaneous
candida infections. Prior treatments included therapeutic and prophylactic
fluconazole. Immunodeficiency workup showed a mannose binding lec-
tin deficiency, low lymphocyte response to candida and tetanus antigen
testing, and no response to candida skin testing. Genetic testing demon-
strated a heterozygous variant in the RFXANK gene (c.612A>G/
p.Arg167Cys).
Case 2: An 18-year-old Caucasian female presented for lymphade-
nopathy, immune thrombocytopenic purpura and recurrent infec-
tions since early childhood. Prior treatments included antibiotics,
subcutaneous and intravenous immunoglobulin (IVIG) therapy,
and Rituximab. Immunodeficiency workup showed decreased im-
munoglobulin levels, B cells, and T cells. Genetic testing demon-
strated a heterozygous variant in the RFXANK gene (c.726C>G/
p.Ile242Met).

Conclusions: Homozygous mutations of MHC-II associated mole-
cules lead to a primary immunodeficiency known as MHC-II de-
ficiency. Increasing genetic data is becoming available to physi-
cians and patients including heterozygous mutations. While diffi-
cult to categorize, heterozygous mutations of MHC-II related pro-
teins may still present with clinically significant immunodeficien-
cy. As this data is further studied, it may assist in diagnosis and
subsequent therapy.
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The Adiantum capillus a known medicinal herb in traditional
medicine which is widely used in traditional medicine to deal
with infection by having chemical compounds that affect the im-
mune system. The current study was carried out to investigate the
effects of adiantum hydroalcoholic extract on plasma proteins and
electrophoretic pattern of blood in small laboratory mice. Mature
female mice (Balb/C) were divided into 5 groups including con-
trol, placebo, and 50, 100, and 200mg/kg of extract. The extract
was injected intraperitoneal every other day for 20 days. At the
end of the experiment, blood samples were taken and used to
measure blood proteins and their electrophoretic pattern.
Obtained data were analyzed using the SPSS program (p<0.05).
According to the results, 100 and 200 mg/kg doses increased the
amount of albumin, alpha-1 globulin, beta globulin, and A/G ra-
tio. Therefore, it can be said that the extract has a positive effect
on the blood system and plasma proteins and can increase the
immune system without the presence of antigenic factors.
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A 34 y.o. female was referred to our clinic with a history of
multilineage cytopenias/Evans syndrome, a history of idiopathic
thrombocytopenic purpura, hemolytic anemia, chronic neutropenia,
lymphopenia, and hypogammaglobulinemia treated with IVIG.
Our patient was healthy until she was 8 years old; at that time,
she developed joint pain, rash, and bruising. She was found to
have Evans syndrome with idiopathic thrombocytopenic purpura
(ITP), neutropenia, and lymphopenia. She was initially diagnosed
with lupus and was given steroids. Her bone marrow biopsy did
not conclude myelokathesis. When she was 15 years old, she
remained thrombopenic and was started on high dose of immuno-
globulin replacement therapy. In 2012 (29 years old), she devel-
oped polyarthritis in her upper and lower extremities. In 2013 (30
years old), she had a severe nosebleed, for which she was admit-
ted and treated with Amicar twice; her platelets were found to be
2,000 K/UL. She received rituximab weekly for 4 weeks resulting
in an increase of platelet count to 90-100K/UL. She recently
(March 2017) had a splenectomy to remove her large spleen,
and since then, her platelets have rebounded to 400-500K/UL.
In 2015, she was placed on long-term immunoglobulin replace-
ment therapy after being hospitalized for bilateral pneumonia for
5 nights requiring IV antibiotics for treatment. In 2017, she de-
veloped and was treated for another pneumonia.
Her family history is characterized by multiple members with
autoimmune multilineage cytopenia as well as autoimmune dis-
eases such as multiple sclerosis (mother), thyroiditis and
enteropathy.
On physical examination, she did not present with any warts and
the remainder of her physical examination being unremarkable,
except for her scar from her splenectomy and a cervical
lymphadenopathy.
Immunologic evaluations showed IgG 601 mg/dL, IgA <5 mg/dL,
and IgM 208 mg/dL. CBC with differential and lymphocyte
screen were as fo l lows (ce l l /mm3) : WBC 12.3 x103,
Hemoglobin 10.2 g/dl, Platelets 503 x 103; 3 % neutrophils
(ANC: 300), 82% lymphocytes, 10% monocytes, 0% eosinophils;
absolute total T-cell number was 8884 (750-2500 cells/MCL),
CD4+ T-cells 6554 (480-1700cells/MCL), CD8+ T-cells 2185
(180-1000cells/MCL), natural killer cells 206 (135-525 cells/
MCL), and absolute number of B cells was 996 (75-375 cells/
MCL).
She came to our clinic with her sister, who also had multilineage
cytopenia and hypogammaglobulinemia, treated with monthly
IVIG; and her nephew whom had neutropenia. Based on this
family presentat ion al l three underwent Whole Exome
Sequencing (WES). The patient, the patients sister and the pa-
tients nephew were all found to have a variant on CXCR4 (frame-
shift mutation on Chromosome 2, p.Val324fs; RefNt: TCA; AltNt:
T). As an important note, the patient had a bone marrow biopsy,
which did not conclude myelokathesis.
In summary, our pat ient with tr i l ineage cytopenia and
hypogammaglobulinemia, without any warts or myelokathexis,
had WHIM syndrome (Warts, Hypogammaglobulinemia,
Immunodeficiency, and Myelokathexis), which was discovered
by studying her WES. With the identification of her specific di-
agnosis, this allowed us to discuss the potential future indication
of Plerifaxor (antagonist of the alpha chemokine receptor

CXCR4). And equally important, we discussed family planning
and future pregnancies given that the mutation is autosomal-dom-
inant.
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Introduction: Complement component-3 (C3) is shared by the
classical, lectin and alternative complement activation pathways.
C3, a major opsonin, facilitates phagocytosis of encapsulated mi-
croorganisms. Inherited C3 deficiency is rare and is associated
with increased risk of bacterial infections. Subjects with connec-
tive tissue diseases (CTD) and C3 nephritic factors can have low
and occasionally undetectable C3 levels, yet they are at an under-
appreciated infectious risk. We hypothesize that excessive C3 con-
sumption in secondary complement deficiency disorders (SCD) is
associated with higher risk of bacterial infections similar to pri-
mary complement deficiency disorders (PCD).
Objectives: To compare the rate of bacterial infections between
PCD and SCD patients and evaluate the association between C3
level and bacterial infection risk.
Methods: We performed a retrospective cohort study. Subjects
with an undetectable complement activity (CH50) or any of the
complement components measured at Seattle Childrens hospital
from 2002-2018 were included in our study. We recorded the
number of infections, observation periods, diagnosis (PCD, SCD
and its underlying etiology), lowest complement component
levels, and the immunosuppressive agents used. The date of birth,
and date of lowest C3 level were considered as start points to
calculate the observation periods for PCD and SCD subjects re-
spectively. Infections requiring hospitalization or parenteral antibi-
otics were categorized as serious bacterial infections (SBIs).
Descriptive analyses were performed to determine medians and
ranges for continuous variables. Differences in rates of bacterial
infection were assessed using the chi-square and kruskal-wallis
tests when appropriate. Among subjects with CTDs, we treated
every C3 measurement as a single observation (n=1,197) and
studied the association between C3 concentration and the 30-day
odds of having a SBI. Multivariable logistic regression was per-
formed to determine infection risk based on C3 level while con-
trolling for contributing factors.
Results: We identified 14 subjects with PCD, and 52 subjects
with SCD. SCD consisted of three subgroups (CTD-related
(n=44), nephritic factor-related (n=2), and infection-related
(n=6)). Collectively, CTD subjects had a lower median rate of
SBI compared to PCD subjects (P = 0.004). Subjects with CTD
and C3 level <40 have higher rate of bacterial infection (of any
severity) (P = 0.002) and of SBI (P = 0.004) when compared to
CTD subjects with C3 >=40 at the beginning of observation pe-
riod (Figure 1). While controlling for immunosuppression level
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and lupus nephritis diagnosis, C3 levels were predictive of SBI (P =
0.007, Figure 2). CTD subjects with a C3 level < 40 had a significantly
higher risk for SBI compared to those > 40 (OR 3.63, 95%CI [1.03-12.7],
P = 0.04). Subjects with infection-related hypocomplementemia had an
undetectable CH50 lasted for at least 9 days.
Conclusion: Among CTD patients, low C3 levels are predictive of more
SBIs in the future. C3 level <40 is associated with higher 30-day odds of
having a SBI. Therefore, CTD patients with very low C3 levels should be
monitored for early signs of infections and should have a lower threshold
for antibiotics initiation. SBI itself can result in an undetectable CH50 and
re-testing is warranted before confirming a PCD diagnosis.
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Introduction: Common variable immunodeficiency (CVID) is a primary
immune deficiency associated with loss of B-cell functions. Genetics of
CVID are multifactorial, although both monogenic and polygenic forms
have been described in the literature (1). Mutations (heterozygote and
homozygote) in TNFRSF13B, the gene that encodes the transmembrane
receptor, or TACI, are associated with 8-10% of CVID patients (2). TACI
mutation with reduced TACI expression on marginal zone and CD27+
memory B-cells can impair B-cell differentiation, proliferation, and
isotype switch (2), contributing to the pathogenicity of CVID.
Asymptomatic individuals with normal immunoglobulin levels who have
TACI mutation are also reported in the current literature (2). We aim to
describe the significance of the heterozygous TNFRSF13B variant in a
patient with recurrent sinopulmonary and skin infections without appar-
ent B-cell dysfunction.
Objective: To present a patient with the heterozygous TNFRSF13B var-
iant with the clinical manifestations of those with CVID despite normal
immunologic findings inconsistent with CVID.
Method: Immunologic studies for the patient included serum immuno-
globulins (IgG, IgA, IgM) and IgG subclasses, B-cell phenotyping, lym-
phocyte subset markers, mannose-binding lectin, mitogen and antigen
stimulation, bacteriophage study, Streptococcus pneumoniae titers to 23
serotypes, and genetic sequence analysis with deletion/duplication testing
of 207 genes. Genetic testing was also performed on the patients mother,
father, and two sisters.
Results: A 27-year-old male presented with a history of multiple
infections since four months old, including recurrent episodes of
acute otitis media, bronchitis, sinusitis and pneumonia, viral men-
ingitis, mastoiditis, and cellulitis with abscesses of the axilla,
thigh, and perianal region. The patient was found to have the
TNFRSF13B, Exon 4.c.542C>A (p.Ala181Glu) heterozygous
TACI variant associated with CVID. B-cell phenotyping showed
an increase in naive B-cells (CD19+CD27-IgD+) and a decrease
in both non-switched, memory B-cells (CD19+CD27+IGD+) and
switched, memory B-cells (CD19+CD27+IgD-) with proper levels
of transitional B-cells (CD19+CD24+CD38+) and plasmablasts
(CD19+CD24-CD38+). This phenotype indicates a dysregulation
in B-cell differentiation and proliferation into memory B-cells and
impairment in isotype class-switching commonly found in individ-
uals with CVID harboring TACI mutations. Yet the immunoglob-
ulin levels and vaccine response were appropriate, excluding a
diagnosis of CVID.
The patients mother, who was asymptomatic, had the same TACI variant.
Her immunoglobulins, lymphocyte subset markers, and B-cell phenotype
were normal. Sister A has a history of multiple sinopulmonary infections
with genetic results pending. The patients father and sister B did not have
any immune issues and had no genetic mutations.
Conclusion: CVID is a heterogeneous disease that may be associatedwith
genetic defects. TACI mutations found in a small percentage of individ-
uals with CVID, result in B-cell dysfunction and hypogammaglobinemia.
We describe a patient with a TNFRSF13B exon Ala181Glu heterozygous
mutation with recurrent infections and normal immunoglobulin levels
and vaccine response.
References:
1 Bonilla FA, Barlan I, Chapel H, et al. International Consensus
Document (ICON): Common Variable Immunodeficiency Disorders. J
Allergy Clin Immunol Pract. 2016;4(1):38-59.
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Introduction: ZAP70 codes for a 619-amino acid enzyme, ZAP70,
a member of the Syk-protein tyrosine kinase family that plays an
important role in T cell development and activation. ZAP70 is
phosphorylated at tyrosine kinase residues upon T cell receptor
(TCR) stimulation resulting in TCR-mediated signal transduction
with Src family kinases. ZAP70 deficiency results in a rare T+B+
NK+ Severe Combined Immunodeficiency (SCID). We report a
novel compound heterozygous mutation in ZAP70 leading to pre-
sumed absent ZAP70 function in an infant with a normal TREC
newborn screen and SCID.
Case Description: The patient is a term, fully immunized female,
born to non-consanguineous parents who was hospitalized for
RSV bronchiolitis at 2 mo. At 4 mo she developed an erythem-
atous, papular rash on her face and extremities, nonresponsive to
topical antifungal therapy. At 6 mo she was re-hospitalized with
RSV bronchiolitis and subsequently treated with multiple courses
of antibiotics for presumed bacterial pneumonia followed by al-
buterol and oral steroids for possible reactive airways disease.
During this course of treatment, her rash resolved. At 8 mo she
presented with failure to thrive (wt <0.1% for age), multifocal
pneumonia and respiratory failure requiring intubation. Bronchial
alveolar lavage confirmed Pneumocystis jiroveci pneumonia
prompting an immune evaluation. Total immunoglobulins were
normal for age, however antibody titers to tetanus, diphtheria
and Streptococcus pneumoniae were absent. Lymphocyte enumer-
ation revealed elevated CD4 T cells and markedly diminished
CD8 T cells, normal B and NK cells. T cell proliferation to
mitogens (PHA, PWM) and antigens (Candida, tetanus) was ab-
sent, however T cells proliferated normally to stimulation with
PMA and ionomycin. TREC number was normal by newborn
screening, but was 2 std deviations below the mean and would
have resulted in a positive screen upon repeat. Invitae 18 gene
SCID panel revealed two variants of unknown significance,
c.109C>G (p.Arg37Gly) leading to substitution of Arg with Gly
and c.1529_1532dupGCAT (p.Ile511Metfs*65) resulting in a pre-
mature translational stop signal expected to disrupt the last 109
amino acids of ZAP70 protein. Parental sequencing revealed these
variants to be on opposite chromosomes. The patient was success-
fully treated for PJP pneumonia and has since successfully
engrafted a 9/10 matched unrelated donor stem cell transplant.
Discussion: We report a novel compound heterozygous mutation in
ZAP70 which we presume led to T+ B+ NK+ SCID. Our patients clinical
presentation of failure to thrive, recurrent lower respiratory tract infec-
tions, dermatologic findings and PJP pneumonia are consistent with pre-
viously reported cases of ZAP70 SCID. Her paucity of CD8 T cells,
abundance of CD4 T cells and absent proliferation to mitogens are also
consistent with previously described cases of ZAP70. Normal prolifera-
tion of T cells when bypassing the TCR by stimulating cells with
ionomycin and PMA confirms a defect in the TCR. We believe this is
the second documented case of missed SCID by newborn screen in MA
since the implementation of TREC screening in 2008.
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Introduction: Acute Otitis Media (AOM) is one of the most com-
mon reasons for antibiotic use in early childhood. We explored
the challenges when AOM fails traditional therapies and immuno-
logic evaluation does not identify a commonly described
immunodeficiency.
Case Description: An eighteen-month-old male presented with 12
episodes of AOM and recurrent purulent otorrhea requiring intra-
venous antibiotics. Laboratory evaluation revealed a normal CBC,
normal immunoglobulins (IgG 588, IgA 76, IgM 63, IgE 12) and
IgG subclasses. Lymphocyte subset panel was normal. Initial re-
sponses to DTaP and Prevnar boosters were normal, however,
there was rapid decline to tetanus and pneumococcal antibody
titers. A sub optimal response to Haemophilus influenza Type B
vaccine was noted. Although vaccinated twice for MMR, he never
mounted mumps specific IgG. Mitogen response to PHA was nor-
mal with decreased responses to ConA and pokeweed and no
detectable tetanus nor candida responses. Further investigation re-
vealed decreased non-class and class switched memory B-cells.
The patient was recently vaccinated to PCV23 and at the present
time has protective titers.
Discussion: It has been previously suggested that decreased memory B
cells may contribute to decreased antibody responses to select vaccine
antigens resulting in recurrent AOM in children. Our case supports the
need to investigate beyond typical immunologic screening for immuno-
deficiencies.
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Introduction: DNA mismatch repair (MMR) system corrects replication
errors in newly synthesized DNA, and prevent recombination between
DNA sequences when they were not identical (1). MSH6 is a part of
MMR genes, (2-4).
Case: A ten-year-old girl presented with fever, brown spots on her
skin, hair loss, recurrent pulmonary infections, arthritis on the left
hand and right ankle. She has also been followed up with NF
(Figure 1). There was a first-degree cousin marriage between
her parents. Physical examination revealed findings of pneumonia
and NF. Anti-nuclear antibody, anti-nDNA, anti-dsDNA, anti-his-
tone, Anti Ro52 and anti-nucleosome antibodies were positive. In
her immunologic assessment showed low IgG and IgA levels as-
sociated with high IgM level (Table 1). The coexistence of NF,
hyper IgM syndrome, SLE, were considered in the patient.
Intravenous Ig (400 mg/kg, every 3 weeks) treatment was started
due to hypogammaglobinemia. The frame shift mutation in exon 2
of the MSH6 gene was detected in the Boztug's laboratory.
In the follow up period, she admitted at 11 years old with back
pain. A mass in the left paravertebral area, related to the spinal
canal and neural foramina, was detected At the L4-L5 levels in
spinal MRI. The lymphadenopathy around the liver and hilum and
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the left parietal bone lesions were developed within two months
despite surgical excision of primary mass (Figure 2). As a result
of PET examination; SUVmax was found to be around 6.5 in the
mass lesion in the paravertebral region and SUVmax values did
not exceed 2.5 in other lymphadenopathy and masses. Atypical
cellular infiltration suggesting neoplastic events, which were in-
cluding small-medium size atypical pleomorphic mononuclear
cells and T cells. Since all these formations did not indicate def-
inite cancer, chemotherapy was not started. Interestingly, although
chemotherapy was not given, progression stopped, and partial
spontaneous regression was observed.
Discussion: The effect of MSH6 mutations on patients may signifi-
cantly vary with the inheritance pattern (2). Leukemias or lymphomas
are not common in heterozygote MMR gene defects (5,6). However,
homozygote mutations in MMR genes show a different pattern.
Wimmer and Etzler proposed the new term Constitutional mismatch
repair-deficiency syndrome (CMMR-D) for patients who have a ho-
mozygous mutation in MMR (3). CMMR-D characterized by devel-
opment of childhood cancers, mainly hematological malignancies
and/or brain tumors, as well as early-onset colorectal cancers, and
neurofibromatosis type 1 (3). Bi-allelic germline mutations in any
of the MMR genes in which MSH6 is involved increases hemato-
logical malignancies by 15% (7,8). MSH6 mutation has been associ-
ated with many cancers since its identification. Leukemia, lymphoma,
colorectal cancer, endometrial cancer, brain tumors are some of these
cancer types (2-4,9).
MSH6 deficiency is an important disease that can affect different systems
at the same time. There is a high risk of malignancy in the cases and
therefore they must be closely monitored. This case has also shown that
atypical lymphoproliferation may occur in MSH6 homozygous mutant
cases.

Image 1. Cafe-au-lait spots on the extremities

Image 2. Paravertebral mass and parietal bone lesions in the magnetic
resonance imaging
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Table 1. The immunologic assessment of patient

IgG:213 mg/dl
(normal rage: 842-1943)

CD3: 83.1% (2717/mm3)

IgA: 66,4 mg/dl
(normal range: 62-390)

CD4:%38,6 (1262/mm3)

IgM: 334 mg/dl
(normal range: 54-392)

CD8: %41.5 (1357/mm3)

CD19: %14.6 (477/mm3)

HLA-DR+CD19:%14.5 (474/mm3)

CD3-CD16+CD56+:%1.7 (55/mm3)
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Background: Advances in inborn errors of human immunity have sup-
ported the discovery of new syndromes that are marked by striking fea-
tures of autoimmunity and immune dysregulation often associated with
cytopenias, lymphoproliferation, and a predisposition to reticuloendothe-
lial malignancies leading to evaluation with hematologists/oncologists.
Moreover, hematologists/oncologists have also seen an increasing use
of effector cell-based therapies, checkpoint inhibitors, immunomodulato-
ry and targeted therapies resul t ing in autoimmunity and
hyperinflammatory complications. Aworking knowledge of clinical im-
munology could help practicing hematologists/oncologists in the identi-
fication and management of these conditions.
Objectives: To support the advancement of ASPHO members and the
field by facilitating education regarding the best practices in diagnosis
and management of immunological disorders. To create a platform for the
development of collaborative clinical research in patients with
hematological/oncological manifestations of immunological disorders
or those requiring hematopoietic stem cell transplantation for a underly-
ing immunological disorder.

Design/Methods The ASPHO Clinical Immunology SIG was ini-
tiated based on collaboration with the Clinical Immunology
Society (CIS). ASPHO members who are pediatric hematology/
oncology clinicians, clinical researchers, and trainees are eligible
to participate. We have established a steering committee with rep-
resentatives from across the United States and Canada with di-
verse clinical and research expertise. Through regular teleconfer-
ences and annual in-person meetings, we have developed a plat-
form to provide our members with a network of immunology resources to
ensure a strong foundation of knowledge and tools to conduct clinical
care and research pertaining to the diagnosis, evaluation, and treatment of
patients with immunological disorders.
Results: Prior to the inaugural meeting, we conducted a needs
assessmen t o f the ASPHO Cl in ica l Immunology SIG
Membership, which defined areas of priority pertaining to clinical
immunology including education and research. At the inaugural
meeting of the 2018 ASPHO Clinical Immunology Special
Interest Group in May 2018, 43 ASPHO Members participated.
We currently support over 50 members within our online commu-
nity. Several educational initiatives have been successfully
launched. We have submitted an invited review to Pediatric
Blood and Cancer which provides a case-based review of primary
immune regulatory disorders. We hosted the first Immunology for
Hematology Oncology Practice (I-HOP) Cased-based Webinar
Series. This series features case-based discussions of patients with
primary immunodeficiency disorders presented by fellow trainees
and mentored by senior clinicians. We will also be hosting an
ASPHO Webinar focusing on the Laboratory Evaluation of
Primary Immunodeficiencies and Immune Dysregulation
Syndromes. We have also begun the process of laying the ground-
work for clinical research initiatives.
Conclusion: The ASPHO Clinical Immunology SIG seeks to serve
as a collaborative resource for pediatric hematology/oncology cli-
nicians and researchers. Through the development of educational
and research initiatives, we envision improving the care of pa-
tients with immunological disorders that are often managed by
pediatric hematologists/oncologists. Moreover, we hope to broaden
our understanding and application of clinical immunology within
pediatric hematology/oncology. We hope that this successful ini-
tiative will serve as a blueprint for the development of future
collaborations with other specialty societies and patient groups.
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Background: T-cell immunity disorders among primary immuno-
deficiencies (PID) are 9% in the registry of the European Society
of Immunodeficiency (ESID) and 10.5% in the United States . T-
cell disorders are characterized by the absence or presence of T-
lymphocytes. Because T cells are important for the normal func-
tioning of B cells, most PID with a T-cell disorder lead to com-
bined T- and B-cell disorders. Disturbances of the T-cell link of
immunity are clinically manifested in early childhood. The most
serious form of PID with violation of the T-cell link of immunity
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is a severe combined immunodeficiency (SCID), the first symp-
toms of which are already observed in infants and are character-
ized by the development of life-threatening infections.
Results: Girl N. at the age of 3 months entered the Childrens Infectious
Hospital with complaints of cough, high febrile temperature for 5 days,
refusal to eat. From the anamnesis of life the girl from the 1st pregnancy, 1
birth, was born full term in 40 weeks gestation, birth weight 4640g. For 3
months of life, a bad increase in body weight was noted and at the time of
admission, the weight in 3 months was 5400g. According to the parents,
the child had atopic dermatitis. From the anamnesis of the disease on
08.01, the temperature rose to 38.2°C, there was a cough and a mucous
discharge from the nose. Then the child refused to eat, the body temper-
ature rose to 39.2°C. January 14 patient was hospitalized.
According to the immunogram, a sharp decrease in CD3 + 26% (58-85%)
was detected, activated T-lymphocytes (CD3 + HLA-DR +) were 19.9%
(3-15%), T helper / inducers (CD4 + CD8 - 26.6% (30-56%) and T sup-
pressors / cytotoxic (CD8 + CD4-) 0.5% (18-45%), a high ratio of Tx / Tc
(CD4 + CD8 +) was detected 53.2% (0.6-2.3), cytotoxic non-Tcells (CD3-
CD8 +) -1,2, an increase in the number of B-lymphocytes (CD19 +) -
58.9% (7-20%), natural killers (CD16 + CD56 +) - 6.6% (5-25%), natural
T-killers (CD3 + CD16 + CD56 +) - 0.3 (0-5%), leukocyte gates (CD45 +
CD14-) - 99% (95-100 %). The absolute content of T-lymphocytes was
0.15 x 109/l, B - lymphocytes - 0.35 x 109/l. The number of thymic mi-
grants (CD45 + CD45RA + CD31 +) was not detected (0%).
01/17/2017 CT scan of the chest was diagnosed CT signs of a polysergic
two-sided inflammatory process in the lungs.
Blood for sterility - Staphylococcus epidermidis was isolated, CMVDNA
was detected in an amount of 7.6 ×106copies/ml.
Despite the therapy, the patient died.
Posthumous diagnosis: Primary immunodeficiency (SCID, T0B +Nk +).
Complications: Sepsis. Septic shock. SPON: ARDS, renal failure, DIS,
thrombocytopenia, anemia 3. Two-sided lower-lobe pneumonia.
Generalized CMV infection.
Conclusion: The peculiarity of the described clinical case was that the
patient's first symptoms of SCID developed in the first months of life and
were manifested by a bad weight gain, atopic dermatitis and the develop-
ment of a life-threatening generalized cytomegalovirus infection and sepsis.
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Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy
(APECED) is a rare autosomal recessive disease caused by AIRE gene
mutations. Clinical diagnosis is established by the presence of at least two
components of the classic triad of chronic mucocutaneous candidiasis,
hypoparathyroidism, and Addisons disease. In Europe, the classic presen-
tation is widely recognized and nonendocrine autoimmunemanifestations
are rarely reported. A recent study of 35 American APECED patients

demonstrated a more heterologous presentation, with many non-
endocrine manifestations including urticarial eruption, hepatitis, gastritis,
intestinal dysfunction, pneumonitis and Sjogrens-like syndrome, all un-
common in European reports. Within the American cohort, 80% of pa-
tients developed a mean of three non-triad manifestations before reaching
the classic triad. Finding of AIRE mutations and high-titer antiIFN- au-
toantibodies is seen in both European and American cohorts.
We present the case of two siblings, who demonstrate an APECED-like
phenotype with both classical and atypical features. They share the same
heterozygous c132+1_132+3delinsCTAIRE mutation.
The older, an eight-year-old boy, with history of prematurity,
bronchopulmonary dysplasia and onychomadesis in infancy, came to
medical attention at 16 months of age due to failure to thrive (FTT), in
addition to fevers and urticarial rash lasting months after his MMR vac-
cine. The fevers resolved with Anakinra, which was discontinued two
years later due to pneumonia. From age 2-4 he developed an ALPs neg-
ative lymphadenopathy which self-resolved. Lung issues include chronic
cough, initially treated as asthma but with poor bronchodilator response,
and frequent lung infections, including 1-2 pneumonias per year. At age
five evaluation for FTT revealed growth hormone deficiency. Two years
later he was diagnosed with primary Addisons disease. Chronic abdom-
inal discomfort, bloating, cyclical constipation/diarrhea, recurrent rashes,
dystrophic nails, and SICCA symptoms are also present.
His sister, age five, shows FTT, but no growth hormone deficiency. At age
one, she too developed a fever and rash syndrome lasting 3 months. Severe
GERD and constipation started in infancy and are ongoing. At age three she
developed a transaminitis, initially diagnosed as EBV, but later thought to be
autoimmune hepatitis. She has frequent viral respiratory infections, and pneu-
monia at age two. She has had a chronic cough, with poor bronchodilator
response, for most of her life. Evaluation of seizure at age three showed
normal brain activity. Brain MRI revealed partial agenesis of the corpus
callosumandmicrogyria.Her brother has similarMRI findings. Both children
have had developmental motor delay and poor tone. Brain dysgenesis and
neurodevelopmental delay has not previously been described in APECED.
Although there were both typical and atypical symptoms, the history in
combination with genetic findings led to further investigation of an
APECED-like syndrome. Autoantibody testing confirmed high-titer
antiIFN- autoantibody typical of APECED in both children and high-
titer BPIFB1 autoantibodies found almost exclusively in APECED pneu-
monitis in the brother. Whole exome sequencing and copy number vari-
ation analyses are underway to further evaluate the patients condition.
This case demonstrates the importance of clinical presentation in the eval-
uation of genetic results and in the guidance of therapeutic management.
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BACKGROUND: Predominantly antibody deficiencies (PADs) are the
most common primary immunodeficiencies, characterized by
hypogammaglobulinemia and inability to generate effective antibody
responses.
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OBJECTIVE:We intended to reportmost commonmonogenic PADs and to
investigate how PAD patients who were primarily diagnosed as agamma-
globulinemia, hyper IgM syndrome (HIgM) and common variable immuno-
deficiency (CVID) have different clinical and immunological findings.
METHODS: Stepwise next generation sequencing and Sanger sequenc-
ing were performed for confirmation of the mutations in the patients
clinically diagnosed as agammaglobulinemia, HIgM and CVID.
RESULTS: Among 550 registered patients, the predominant genetic de-
fects associated with agammaglobulinemia (48 BTK and 6 heavy chain
deficiencies), HIgM (21 CD40L and 7 AID deficiencies) and CVID (17
LRBA deficiency and 12 atypical ICF syndromes) were identified.
Clinical disease severity was significantly higher in patients with heavy
chain and CD40L compared to patients with BTK (P = 0.003) and
AICDA (P = 0.009) mutations. Paralysis following live polio vaccination
was considerably higher in patients with heavy chain deficiency com-
pared with BTK deficiency (P <0.001). We found a genotype-
phenotype correlation among patients with BTK mutations regarding
clinical manifestation of meningitis and chronic diarrhea. Surprisingly,
we noticed that first presentations in the majority of ICF patients were
respiratory complications (P = 0.008), while first presentations in LRBA
patients were non-respiratory complications (P = 0.008).
CONCLUSION: This study highlights similarities and differences in clin-
ical and genetic spectrum of the most common PAD-associated gene
defects. This comprehensive comparison will facilitate clinical decision
making, and improve prognosis and targeted treatment.
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Aim: this study was designed to investigate and compare the efficacy of
selected osteopathic lymphatic techniques on the absolute CD4+ count in
healthy subjects. Materials and Methods: Forty-five subjects (33 males
and 12 female), age varies from 20 to 50 years old. They were allocated to
three groups each one has 15 subjects: first one received sternal pump and
sternal recoil techniques for 12 sessions, three sessions per week. Second
one received thoracic lymphatic pump and splenic pump techniques for
12 sessions, three sessions per week. Third one (control group) didn't
receive OMT. Absolute count of CD4 was used to evaluate participants
before and after application of the osteopathic techniques. Results: anal-
ysis showed significant increase in CD4 count after treatment in the
second group also there was no significance in the first and third groups.
P-value was 0.05. Conclusion and discussion: thoracic lymphatic and
splenic pump manipulative techniques are effective methods of enhanc-
ing the immune system in healthy subjects (TLPT & SPT).
Key words: Osteopathy, Lymphatic techniques, Immune system
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Rationale: Infants with low T cell receptor excision circles (TREC) born in
Queens, Nassau, and Suffolk counties are referred to our center for further
evaluation. This study elucidates the demographic and laboratory charac-
teristics of referred infants with transient or persistent idiopathic T cell
lymphopenia (TCL) without clearly identified genetic or acquired etiology.
Methods: A retrospective analysis was performed from September 2010
(when TREC screening started) through the end of December 2017.
Descriptive statistics were calculated for demographic and laboratory charac-
teristics. T-test or Mann-Whitney tests were used to compare laboratory var-
iables. Pearson or Spearman tests were used to determine correlation between
initial TREC levels and T cell counts. By definition, the CD3+, CD4+, and
CD8+ populations of transient TCL patients normalize by age 1 year.
Results: Eighteen infants with transient and 17 with persistent TCL were
identified. Males comprised 61.1% of the transient and 47.1% of the persis-
tent TCL cohorts. Whites comprised 11.1% of the transient and 35.3% of the
persistent TCL cohorts. The mean initial TREC levels did not differ between
the transient and persistent cohorts (67.7 vs. 78.5 TRECs/L of blood, P =
0.56). Mean initial absolute counts of CD3+ (2149 vs. 1300 cells/L, P
<0.0001), CD4+ (1462 vs. 922 cells/L, P <0.0001), and median initial abso-
lute counts of CD8+ (524 vs. 309 cells/L, P = 0.0075), were higher for
transient vs persistent cohorts. Initial TREC level did not correlate with initial
CD3+, CD4+, or CD8+ absolute counts. Themedian age of resolution for the
transient cohort was 121.5 days (range 23-244). The absolute CD3+, CD4+,
or CD8+ counts rarely exceeded the reported median values for age, and
remained closer or below the 5th percentile for age up to 1000 days of life.
The majority of both transient and persistent TCL patients demonstrated
unremarkable lymphocyte proliferation to mitogens.
Conclusion: Our centers transient TCL cohort appears to be predominant-
ly male and non-white, whereas the persistent TCL cohort is more evenly
distributed by sex but still predominantly non-white. The transient cohort
had lower initial TREC levels, but higher initial T cell counts. Both co-
horts appear to have relatively intact in vitro function.
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Introduction: Primary immune deficiency disease (PIDD) is typically
considered a pediatric illness, although advances in treatment and diag-
nosis are changing this paradigm. Currently, data on PIDD in older pa-
tients are very limited.
Objectives: To characterize the prevalence of PIDD among older individ-
uals using a patient database maintained by the Consortium of
Independent Immunology Clinics (CIIC), comprised of 17 specialty im-
munology outpatient practices in the US.
Methods: Patients with PIDD were identified in the CIIC database using
ICD-10 codes D80, D.80.3, D80.4, D80.5, D80.6, D81.1, D81.2, D82.0,
D82.3, and D83.0. A total of 235 records from 11 geographically-diverse
clinics were identified and characterized by age, gender, and PIDD
diagnosis.
Results: Of the 235 PIDD patients in the CIIC registry, 73 (31%) were
between 60-87 years of age (see Figure). Within this age group, most
patients were female (n=56, 77%). The most common diagnoses among
patients >60 years of age included Common Variable Immunodeficiency
with Predominant Abnormalities of B-Cell Numbers and Function
(D83.0; n=41, 56%) and Antibody Deficiency with Near Normal
Immunoglobulins (D80.6; n=14, 19%). In comparison, the registry in-
cluded 36 (15%) patients aged 0-19 years; this age group was predomi-
nantly male (n=23; 64%). The most common ICD-10 codes within the
younger cohort were relatively evenly distributed between Hereditary
Hypogammaglobulinemia (D80.0), Antibody Deficiency with Near
Normal Immunoglobulins (D80.6), and Common Variable
Immunodeficiency with Predominant Abnormalities of B-Cell Numbers
and Function (D83.0).
Conclusions: Our data suggest that PIDD in patients over age 60 may be
more prevalent than previously reported. Additional research is needed to
corroborate these findings, further characterize the nature of PIDD in this
population, and determine whether there are unique diagnostic and treat-
ment considerations within this demographic.
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Introduction/Background: Increased susceptibility to invasive infections
with Neisseria has been well documented in patients with deficiency of
terminal complement proteins. The molecular attack complex is con-
structed with complement components C5 to C9. A deficiency in com-
plement C6 has been described previously in both African American and
South African populations. Complement C6 deficiency is inherited in a
co-dominant pattern, with multiple known mutations. We present a case
of a 19-year-old, previously healthymale, who presentedwith invasiveN.
Meningitides infection. He was found to have a novel mutation noted on
genetic sequencing of the complement C6 gene.
Objective: We present the case of a 19-year-old, previously healthy male,
who presented with invasive N. Meningitides infection. On genetic se-
quencing, he was found to have three mutations of the complement C6
gene. Two of which have been described previously, and a third novel
mutation.
Methods: A 19-year-old male with no known history presented to us with
a 3-hour history of emesis. He was found to be febrile, and quickly

decompensated, developing septic shock. Blood cultures were drawn,
and within 12 hours grew N. Meningitides. He was treated with broad
spectrum antibiotics upon arrival, and subsequently narrowed to
Ceftriaxone. His hospital course was complicated by disseminated intra-
vascular coagulation, as well as acute tubular necrosis, leading to end-
stage renal disease for which he is listed for kidney transplant.
Results: On immunodeficiency evaluation, he was noted to have an un-
detectable CH50 (<13, reference range 31-60). Complement levels
returned with C6 of 10.8 (reference range 28-69) and C1r of 41.5%
(reference range 61-102%). Complement C6 function screen returned at
0% (reference range 40.7-169%). All other complement levels were with-
in normal limits. Genetic sequencing showed the patient to be compound
heterozygous for two of known four variants which have been reported to
recur in African patients with complement C6 deficiency. This included
c.821del and c.1879del, which are predicted to result in frameshift and
premature protein termination. He was also found to be heterozygous for
sequence c1202G>A, which results in amino acid substitution
p.Arg401Lys. This variant is rare, with one large database reporting it
in 6 of 276000 alleles, and not in a homozygous state. It has not been
reported in a case of C6 complement deficiency previously.
Conclusions: We present the case of a previously healthy 19-year-old
male with invasive meningococcal disease. He is compound heterozy-
gous for two mutations that have been associated with total complement
C6 deficiency; however, he was found to have subtotal C6 deficiency.
Furthermore, he has a third novel mutation of the complement C6 gene.
Further investigation is warranted on the significance of this finding and
impact on relevance to possible kidney transplant.
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Background:Measuring the function of the classical pathway of complement
activation is useful in several disease states, including complement deficien-
cy, autoimmune conditions such as systemic lupus erythematosus and certain
forms of nephritis. The original method for assessing classical pathway ac-
tivity was the haemolytic CH50 method, but this assay can be time consum-
ing and has reagent stability issues due to the use of sheep red blood cells.
There can also be high lab-to-lab variability due to differences in the proto-
cols used. Here we report the assay characteristics of an automated, commer-
cial, liposome-based assay to measure CH50 activity. We also compare the
results obtained using the traditional haemolytic method with the automated,
liposome-based method used on the SPAPLUS turbidimetric analyser.
Methods: A linearity study was performed based on CLSI guideline
EP06-A. The linear range of the SPAPLUS CH50 liposome assay was
established by analysis of a series of sample dilutions and evaluation of
results against pre-defined goals for recovery and %CV. Precision was
assessed based on CLSI guideline EP05-A2 over 21 days. 4 samples with
different CH50 activities (23.7-65.1 U/mL) were run in duplicate, with
two runs per day using 3 reagent lots and 3 different analysers.
Interference analysis was performed by spiking haemoglobin, bilirubin,
chyle, ascorbic acid or saline (as a control) into samples before measuring
the CH50 activity.
For the assay comparison study, sera from 125 routine patient samples
were used. Samples were collected fromChulalongkorn Hospital, Faculty

J Clin Immunol (2019) 39 (Suppl 1):S1–S151 S9



of Medicine, Chulalongkorn University, Thailand. CH50 classical path-
way activity was assessed using a haemolytic method and also using the
liposome based CH50 assay for use on the SPAPLUS turbidimetric
analyser (The Binding Site Ltd., Birmingham, UK). C3 protein concen-
trations were also available for 116 of these samples.
Results: The liposome CH50 assay gives a linear response over the range
11.8-95.5 U/mL, covering the measuring range of the assay (12.0-95.0
U/mL) at the standard analyser dilution (neat). The within run, between
run and between day %CVs were all 5.4%. The total %CV was 6.8% in
all 4 samples. Minimal interference was observed with the four common
interferents tested.
A significant correlation was observed between the two CH50 methods
(p<0.0001, r=0.66, y=1.1x±0.1), with 90.4% agreement between the
methods in determining whether patients were above or below the lower
limit of the assay normal range. The 12 individuals in disagreement had
normal CH50 results using the haemolytic method, and low CH50 values
in the liposome assay. Of these, C3 values were available for 10/12, and 5
had C3 concentrations below the lower limit of the assay normal range.
Conclusion: The liposome CH50 assay for use on the SPAPLUS analyser
has passed assay development guidelines based on those set out by the
CLSI for linearity, precision and interference, and there is a strong corre-
lation between this automated assay and the haemolytic CH50 method
used here. Five additional patients with low C3 concentrations were de-
fined as having a low CH50 using the SPAPLUS liposome method com-
pared to the haemolytic method.
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Rational: Respiratory allergy and subtle immunodeficiency may lead to
recurrent sinusitis. We sought to determine the frequency and relationship
of allergic sensitization, allergic respiratory diseases, and specific anti-
body deficiency (SAD) among patients with recurrent sinusitis and respi-
ratory infections (URI).
Methods: The electronic medical records of 313 ambulatory patients from
6 to 70 years (median age 28 year) with recurrent respiratory infection
(sinusitis >1x/y and URI>5x/yr) were screened for SAD, allergic sensiti-
zation (to mites, cockroach, cat, dog, and pollens), rhinitis (allergic and
non-allergic), and asthma. Patients were divided into sinusitis and non-
sinusitis classes; the pneumococcal antibody (PA) responses were cate-
gorized into three groups A, B, or C: A. Normal PA levels (defined as
70% of tested serotypes being above or equal to1.3 ug/mL for subjects, 6
years and older), B. Initially low with normal post-vaccination PA levels,
and C. SAD with low PA levels even after Pneumovax).
Results: Among the 213 sinusitis patients, 187(88%) had decreased initial
protective PA serotypes (groups B & C). Of these, 45 subjects ( C, 21 % of
total) had SAD. The prevalence of SAD among the sinusitis patients was
significantly higher compared to non-sinusitis group (21% vs.12%, p<0.01).

The SADprevalence increasedwith age;10% for 6-19 years olds, 24% for 20 -
39 year olds, 21% for 40-59 year olds, and 26% for 60- 70 year olds.( P <0.05
between 6-19 year olds vs. 20-39 year olds). The initial numbers of protective
PA serotypes were highest among Group A and lowest in C (p<0.01). The
allergy sensitization was equally high for the both groups (62% vs. 62%).
Asthma was common for both groups (43% vs. 42%), and rhinitis was more
prevalent among non-sinusitis group (74% vs. 84%, p=0.05).
Discussion: SAD is a common and under-recognized cause of recurrent
sinusitis. The prevalence rate increased with increasing age reflecting an
aging immune response. Patients with SAD were more likely to present
with initial very low number of protective PA serotypes compared to
Group B representing a state that had experienced a greater difficulty
mounting responses to polysaccharide antigens. The rates of allergy sen-
sitization among both recurrent sinusitis and URI group were equal (62%)
and significantly higher than the one reported by NHANES1 (45%
among individuals 6 years and older), indicating an association between
recurrent sinusitis /URI and allergy. Patients with recurrent sinusitis
should be evaluated for both SAD and allergy.
Reference:
1. Arbes Jr SJ,Gergen PJ, Elliott L, Zeldin DC. Pfevalence of positive
skin test response to 10 common allergens in the US population;results
from the third National Health and Nutrition Examination Survey, J
Allergy Clin Immunol 2009;124(3):522-7
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Background: Severe Combined Immune deficiency (SCID) is the most
severe form of inborn immunodeficiencies, which are characterized in
most cases by complete absence of T-cell-mediated immunity and by
impaired B-cell-function. SCID is a pediatric emergency and is uniformly
fatal without hematopoietic cell transplantation. Therefore, early diagno-
sis is important for prompt treatment. SCID can be detected using T cell
receptor excision circle (TREC) assay. Newborn screening for SCID
started in 2008 inWisconsin and was added to the national recommended
uniform panel for newborn screened disorders in 2010. There are current-
ly 48 states performing mandatory screening for SCID in the United
States. In August 2015 Puerto Rico (PR) added newborn screening for
SCID to the mandatory newborn screening panel using dried blood spot
specimen. A pilot program was done in 2011, in which one patient was
diagnosed with SCID and successfully transplanted. The estimated inci-
dence in PR is of 1:60,000 consistent with USA.
Purpose/Objective: Report and describe the data of the first 3 years of
newborn screening for SCID in PR.
Method: We performed a retrospective record review of 15 positive new-
born screening cases for SCID from patients born in PR during August
2015-October 2018. Patients received follow up at the Primary
Immunodeficiency Clinic at the University of PR and NBS program.
Results: A total of 81,600 infants were screened, identifying 15 cases with
low TREC levels. Of these cases, five infants died (four of which were
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preterm babies), four were lost to follow up, and three had normal follow
up TREC levels after surgery for gastroschisis and omphalocele. The
other 3 infants were referred to our clinic for diagnostic and follow up
evaluation which lead to the identification of one Di George syndrome,
one Vici syndrome, and other non SCID lymphopenia who is still under-
going evaluation at our Immunology Clinic.
Conclusion:We identified infants with abnormal TRECs that subsequent-
ly lead to diagnosis of non SCID lymphopenia, which may have not been
recognized in the past and has enabled us to optimize management and
outcomes of these infants. NBS has allowed for the early detection of
infants with SCID (as found in our pilot study) and other lymphopenia
disorders, which has permitted early diagnosis and management prior to
developing symptoms or life-threatening complications.
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Background: Primary Immunodeficiencies are inborn errors of immunity
that represent naturally occurring experimental models to decipher human
immunobiology. We present a patient with combined immunodeficiency,
who suffered from recurrent respiratory tract and viral infections associ-
ated with hypogammaglobulinemia and panlymphopenia. He also had
progressive moderate neutropenia, without evidence of bone marrow fail-
ure or associated severe prototypical infections.
Methods: Identification of the causal gene was performed by whole exome
sequencing, bioinformatics analyses, and Sanger sequencing. The impact of
the variant on gene product was assessed by cDNA sequencing and protein
detection (flow cytometry,Western blot, confocal microscopy) on various cell
lines. The effect of the variant on protein function was assessed by co-culture
experiments (Jurkat with lymphoblastoid cells derived from healthy controls
or patient) and by transendothelial migration of cells across endothelial cell
lines reconstituted with ICOSLG (wild-type vs. variant).
Results: We identified a homozygous mutation in the Inducible T-Cell
Costimulator Ligand gene (ICOSLG; c.657C>G; p.N219K). Whereas
wild-type ICOSL is expressed at the cell surface, the ICOSL p.N219K
mutant abolishes cell surface expression, due to retention of protein in the
endoplasmic reticulum/Golgi apparatus. The mutant ICOSL was associ-
ated with diminished T cell costimulatory activity and with decreased
transendothelial lymphocyte migration. Additionally, endothelial expres-
sion of mutant ICOSL compromised neutrophil transmigration, by reduc-
ing the proper localization of E-Selectin and ICAM-1 at the cell surface.
Conclusions: Our work identifies human ICOSLG deficiency as a novel
cause of a combined immunodeficiency syndrome. Moreover, findings
from this natural experiment sheds light on the broad immunologic func-
tions of ICOSLG in human immunobiology.
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Background/Aims: Rotavirus vaccine is a live viral vaccine that is part of the
routine U.S. childhood immunization schedule. Live viral vaccines adminis-
tered to infants of mothers who received biologic medications during preg-
nancy can potentially cause vaccine-associated disease. Infant death from
disseminated mycobacterial infection after vaccination with bacille Calmette-
Guerin (BCG) in infantswhosemothers received infliximab during pregnancy
has been reported. It is currently recommended that infants born to women
who received biologic therapy during pregnancy not receive live viral vac-
cines, however there is a paucity of information regarding adverse events from
live viral vaccines.We report two infants, born tomothers receiving infliximab
during pregnancy, who tolerated the complete series of rotavirus vaccine.
Methods: Two infants who received rotavirus vaccine and whosemothers
received infliximab (monoclonal antibody against tumor necrosis factor
alpha which blocks the inflammatory response) during pregnancy were
identified and their charts were reviewed. Each mothers chart was
assessed for timing of the biologic doses during pregnancy and concur-
rent immunosuppressant therapy.
Results: The mother of the first infant had Crohn's Disease and received
infliximab every 6 weeks throughout her pregnancy (final infusion at
approximately 35 weeks estimated gestational age [EGA]). She did not
take additional immunosuppressive drugs throughout her pregnancy. The
infant was born at 39 weeks EGA. The infant received rotavirus vaccine
at 2, 4, and 6 months of age. The infant did not have coexisting medical
conditions or recorded hospitalizations during the first year of life. There
were no side effects from rotavirus vaccine documented during well child
examinations. The childs growth was normal during the first year of life.
The mother of the second infant also had Crohn's disease and received
infliximab infusions every six weeks during pregnancy until 27 weeks
EGA. Additionally, she took mesalamine (anti-inflammatory) daily. The
infant was born at 33 weeks EGA. The baby had a brief and uncompli-
cated neonatal intensive care unit stay. She did not have medical condi-
tions diagnosed at the time of birth, or in the first year of life. The child
received rotavirus vaccination at 2, 4, and 6 months of chronological age,
and the infant did not experience documented adverse reactions. The
child presented to the emergency department twice in the first year of
life: once for thrush at 10 months of age and once for viral gastroenteritis
at 11 months of age. The childs growth curve was unremarkable.
Conclusions: We report two infants, whose mothers received infliximab
during pregnancy, who safely tolerated the 3-dose series of rotavirus
vaccination. Neither infant in this case series suffered from minor or
severe adverse events as a direct consequence of receiving rotavirus vac-
cine. This suggests that administration of rotavirus vaccine may be safe in
infants whose mothers received biologic therapy.
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Introduction: Combined immunodeficiencies (CIDs) can arise from par-
tial loss of function variants in recognized SCID genes, which can lead to
relative lymphopenia with poorly functioning and oligoclonal T cells.
CIDs have been most commonly associated with variants of the RAG
genes, but other genes are also implicated. Clinical symptoms may be less
severe, and the onset generally is delayed, compared to typical SCID
presentations.
Case Report: A 28-year-old female presented with a history of recurrent
and progressively worsening infections involving multiple microorgan-
isms and organs, starting in infancy and requiring frequent hospitaliza-
tions. Bacterial or viral infections included rhinosinusitis, otitis media,
herpetic stomatitis, dental abscesses, pneumonias, pulmonary mycobac-
terial abscesses, CMV hepatitis, urinary tract infections, dermal abscess-
es, and groin hidradenitis. Fungal and yeast infections included crypto-
coccal meningitis, oral thrush, dermatophytosis of the face, osteomyelitis
of a finger, and onychomycosis. Laboratory tests in 2018 showed: mildly
low T cell counts (791/uL) with a reversed ratio of CD4/CD8 T cells
(0.22); almost absent B cells (2/uL); and low NK cell counts (19/uL).
CD4+ T cells were mostly of the memory phenotype (87%). T cell de-
velopment showed low counts of Th17 cells. T-cell stimulation tests
demonstrated poor proliferation responses (<30%) to Concanavalin A,
tetanus toxoid, and Candida albicans, with near-normal responses to
pokeweed (>13%) and PHA (>84%). She had low Ig levels (IgA 72,
IgM 23, IgE <2), except for IgG (872mg /mL; due to replacement since
early childhood).
Limited genetic evaluation at age 9 showed a heterozygous variant in the
RAG1 gene (g.36595918T>C, c.1064T>C, p.Met355Thr;
NM_000448.2).
Discussion: Loss of function variants in RAG1 or RAG2 genes are
known to cause a T- B- NK+ type SCID.More than 100missense variants
have been reported for RAG1, with disease-associated variants predom-
inantly in zinc binding regions. The RAG1missense variant in our patient
also lies within the zinc binding region (amino acids 354-383). The var-
iant is rare (mean allele frequency 0.0001521 in gnoMAD) and has been
identified in at least one other individual with SCID (T-, B cell-, NK+).
Although classified as a variant of unknown significance, occurrence in at
least two individuals with deficiencies of T and B cells– within a func-
tionally important RAG1 domain – supports an interpretation that the
variant may be pathogenic. Most patients with CID with RAG variants
are either homozygous for a poorly functional allele or have one
nonunfucitonal and a second, poorly functional allele. We detected only
a single potentially pathogenic allele. Our patient has decreased NK cells
in addition to TandB cell defects. Further genetic studies includingwhole
exome sequencing, are planned to identify further variants in RAG1 or
other relevant genes.
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Introduction/Background: Common variable immune deficiency (CVID)
is the most common antibody deficiency affecting both children and
adults. Lifelong immunoglobulin replacement therapy (IGRT) is the
mainstay of treatment. Information is limited about health-related quality
of life (HRQOL) in patients with CVID receiving IGRT. The Patient
Reported Outcomes Measurement Information System (PROMIS) is a
validated self-report measure of physical, mental, and social health which
can be used to assess HRQOL in patients with primary immunodeficien-
cy diseases (PIDD).
Objectives: The primary objective of this study was to compare patients
with and without CVID on HRQOL domains using PROMIS-29 survey
data from the United States Immunodeficiency Network (USIDNET)
registry. USIDNET maintains a national registry of validated data from
PIDD patients through the Immune Deficiency Foundation (IDF). The
primary endpoint variables were scores in 7 HRQOL domains: 1)
Depression, 2) Anxiety, 3) Physical Function, 4) Pain Interference, 5)
Fatigue, 6) Sleep Disturbance, and 7) Social Participation. A secondary
objective was to describe and compare patients with or without CVID
with respect to IGRT.
Methods: IDF prompts all its electronic personal health record users to
answer PROMIS-29 biannually. Only those who have consented to par-
ticipate in the USIDNET registry are included. Data from Fall 2015 to
Spring 2018 were analyzed. Groups were compared using descriptive
statistics and the Wilcoxon Mann-Whitney test. A mixed linear model
approach compared groups with respect to the endpoint variables while
adjusting for time, sex, age, and/or BMI. Simple models were tested
followed by the addition of covariates. Interactions that were not signif-
icant were removed from models. All analyses use SAS, version 9.4.
Results: Among the 222 PIDD patients in the registry, 173 patients (78%)
were diagnosed with CVID. Humoral and cellular immunodeficiencies
comprised the remaining non-CVID diagnoses (22%). Patients ranged
from 18 to 83 years of age (mean age of 54). The study population was
largely female (80%), Caucasian (96%), and with a mean BMI of 29.
Twenty-five (11.5%) participants had a family history of PIDD. Results
of the PROMIS-29 survey revealed that there was an effect of group (i.e.,
CVID/non-CVID) on the Fatigue subscale. The CVID group scored 3.05
points higher, on average, than the non-CVID group, after controlling for
age and time (p=0.037). No other group differences were found among
the remaining subscales. BMI was a significant predictor across all sub-
scales (p<0.01), except for Anxiety (p=0.17). With regards to IGRT, the
median IgG dose was less for CVID patients compared to non-CVID
patients (17.8g vs. 25.0g, p=0.05), and the median number of days on
IGRTwas less for the CVID group compared to the non-CVID group (14
vs. 28, p=0.025).
Conclusions: These data suggest that fatigue may be a key factor
influencing the quality of life among PIDD patients with CVID. Future
prospective longitudinal studies using PROMIS-29 will be needed to
confirm this finding. Additional studies elucidating the role of BMI on
HRQOL and IGRT dosing are recommended.
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Rationale: Infants with low T cell receptor excision circles (TREC) born
in Queens, Nassau, and Suffolk counties in New York were referred to
Northwell Health for further evaluation after abnormal newborn screens.
The demographic and immune parameters of infants with transient T cell
lymphopenia (tTCL) without clearly identified genetic or acquired etiol-
ogy are described. TCL is considered transient if the lymphopenia re-
solves by 12 months of age. Similar data from the Following Infants with
Low Lymphocytes (FILL) program of the Uni ted Sta tes
Immunodeficiency Network (USIDNET) are presented.
Methods: A retrospective analysis of two separate patient cohorts
with tTCL are described. Cohorts include patients referred to a
single center, Northwell Health, in NY from September 2010 to
December 2017 and at USIDNET using data tracked by FILL
from June 2011 to July 2018.
Results: Out of 1,234 referrals at Northwell, 18 infants with tTCL were
identified. Infants were predominantly male (61.1%) and non-Caucasian
(89.9%). Out of 71 FILL participants, 9 infants with tTCL were identi-
fied. Infants were predominantly male (55.6%) and non-Caucasian
(55.6%). Initial laboratory parameters for the Northwell versus FILL co-
horts are summarized: a) median TREC levels: 54.5 vs. 47.0 TREC/L of
blood; b) median absolute CD3+ count: 2135 vs. 1166 cells/L; c) median
CD4+ count: 1460 vs. 777.0 cells/L; d) median absolute CD8+ count:
524.5 vs. 440.0 cells/L. Initial naïve CD4+ T cell information was avail-
able for 0 Northwell and 5 FILL infants (median 52%). Mitogen prolif-
eration studies were performed in 10 (55.6%) Northwell and 6 (66.7%)
FILL infants with 90% of these Northwell and 50% of these FILL infants

demonstrating normal proliferation. Genetic testing, such as targeted ge-
netic panels or chromosomal microarrays (CMA), was performed in 5
Northwell and 0 FILL infants. No genetic or chromosomal aberrations
were identified. Whole exome sequencing (WES) was not performed in
either cohort. 11 of 18 (61.1%) Northwell and 7 of 9 (77.8%) FILL infants
did not receive the initial rotavirus vaccine. No FILL infants were vacci-
nated but no adverse effects were reported in 5 of 18 (27.8%) Northwell
infants who received the first rotavirus dose. Of these, 3 of 5 (60.0%) had
normal mitogen proliferation while 1 (20.0%) had decreased proliferation
to phytohemagglutinin.
Conclusions: Identifying biomarkers for tTCL and developing evidence-
based guidelines for the diagnosis and management of tTCL are impor-
tant knowledge gaps. This descriptive study is limited by small sample
size and the constraints of registry-based research. Although there appear
to be differences between these cohorts, our findings suggest that tTCL
may disproportionately affect different segments of the population. tTCL
infants with normalmitogen proliferationmay be able to tolerate rotavirus
vaccination. Thus, routinely checking proliferation studies in all tTCL
infants may help risk stratify these patients and minimize vaccine-
related adverse events. Currently, there is insufficient evidence to recom-
mend more extensive genetic testing such as genetic panels, CMA, or
WES. Systematically collecting information about patient characteristics
and outcomes, as well as encouraging increased participation in registries
such as FILL, may help address these shortcomings.
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Background: Systemic lupus erythematosus (SLE) is a chronic,
inflammatory disease that affects multiple organs. The measure-
ment of anti-dsDNA antibodies (Abs) is a gold standard serolog-
ical test used in the diagnosis and monitoring of SLE, with higher
serum levels associated with worse prognosis. However, not all
anti-dsDNA Abs are pathogenic, and some patients have consis-
tently high levels with low disease activity. One mechanism sug-
gested for the pathogenicity of these antibodies is complement
activation. Here we describe an assay to measure the C1q binding
activities of anti-dsDNA Abs in SLE patients.
Materials &Methods: The concentration of anti-dsDNAAbswas determined
using the QuantaLite dsDNA ELISA kit (INOVA) as per the manufacturers
instructions. In order to determine the C1q binding capacity of bound Abs,
samples were added to the pre-coated plate and incubated. Bound anti-
dsDNA Ab/C1q complexes were then detected using a biotinylated anti-
C1Q antibody (570 ng/mL) and streptavidin peroxidase (1 mg/mL).
Normal reference ranges were developed in serum samples from healthy
controls, and upper limits of these normal ranges were used as cut-offs. The
dsDNAAbs and C1q binding capacity of boundAbswas then assessed in 49
SLE patients, and compared to other markers and the SLE Disease Activity
Index (SLEDAI) score. Results are displayed as absorbance at 450nm (AU).
Results and Conclusions: The 95th percentile ranges for anti-dsDNAAbs
(0.068-0.137 AU) and C1Q binding activities (0.207-0.313 AU) were
developed from the measurements generated in 17 healthy serum
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samples. SLE patients with an increased anti dsDNA Ab concentration
(>0.137 AU) were then separated into those with low (<0.313 AU) and
high (>0.313 AU) C1q binding activities. Patients whose dsDNA Abs
had high C1q binding activity were found to have significantly higher
SLEDAI scores (mean 6.70 vs 3.19). Serum C1q concentration, serum
dsDNA Abs (measured by another method) and serum C3 and C4 con-
centrations were not significantly different between the two groups. This
assay suggests that dsDNAAbs from SLE patients differ in their ability to
bind complement, and that high complement binding activity of these
antibodies may be linked to a more active form of disease.
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X-linked lymphoproliferative (XLP) is a primary immunodeficiency,
caused by signaling lymphocyte activation molecule (SLAM)-associated
protein (SAP) deficiency. Patients with XLP have severe immune dys-
regulation, usually triggered by EBV infection, leading to fulminant in-
fectious mononucleosis, dysgammaglobulinemia and lymphoprolifera-
tion.Without hematopoietic stem cell transplant (HSCT) fatality is report-
edly 100% by age 40. We report the natural history of XLP in a patient,
and describe the lessons learned.
Our patient was healthy and developed normally until 6-years of age,
when he developed progressive respiratory symptoms. Lung biopsy re-
vealed mature lymphoplasmacytic infiltrate in the alveolar septa, consis-
tent with lymphoid interstitial pneumonia (LIP). He received corticoste-
roids and cyclophosphamide with significant improvement. At age 12, he
developed severe infectious mononucleosis (fever, hepatosplenomegaly,
lymphadenopathy, lymphocytosis). He had a protracted clinical course,
but eventually recovered and seroconverted to a typical convalescent
pattern. He subsequently developed hypogammaglobulinemia, and was
started on intravenous immunoglobulin (IVIG). During the same year, his
10-year-old brother developed LIP, and subsequently hemophagocytic
lymphohistocytosis (HLH) and died within 4 months from overwhelming
candidiasis. Unfortunately, his youngest brother (age 7) then developed
LIP and died 2 months later from a massive gastrointestinal bleed.
Both siblings were treated with corticosteroids and cyclophosphamide;
they did not have detectable EBV infection. At age 13 years, our patient
experienced recurrent strokes and was found to have biopsy-proven CNS
vasculitis. He was treated with interferon- and recovered with residual left
sided weakness, but was lost to follow-up.
He continued on IVIG, with no other immunomodulatory agents for several
decades. He had progressive lung disease and recurrent seizures controlled
with anti-epileptics. At age 43, he developed sudden vision change, head-
ache and right-sided weakness, followed by a seizure. MRI of the brain
revealed small bilateral areas of acute infarction suggestive of a central
embolic event, however, no primary thrombus was identified. He did not
receive any immunosuppression but was anti-coagulated. Eventually he
was discharged home with resolution of weakness to his baseline.
The patient was referred to our clinic after discharge and we re-evaluated
him after 31 years. Immune profiles at the time showed therapeutic IgG
troughs, low/undetectable IgM/A/E, normal T/B/NK-cell counts, normal
spontaneous, but decreased antibody-dependent NK cytotoxicity, 0%
SAP protein expression (on CD3+CD8+, CD3-CD56+ and CD3+
CD56+ cells), and deletion on the X chromosome encompassing the
SH2D1A gene which encodes SAP. His mother was a carrier of the same

deletion. His functional status excluded the option of HSCT. Ayear later,
he had rapid deterioration with recurrent lung infections, liver failure, and
thrombocytopenia. Bone marrow biopsy revealed Hodgkins Lymphoma.
He declined chemotherapy and died few days after diagnosis.
Our case represents a rare patient with XLP surviving to the fifth decade
without HSCT, particularly having experienced mononucleosis and non-
EBV related CNS vasculitis. Our patient survived decades longer than his
brothers (who most likely shared the same genetic defect) without evidence
of somatic reversion (0% SAP expression in CD3+CD8+) to explain his
milder clinical phenotype. This case may help in understanding the natural
history of XLP, and confirms that prognosis remains poor without HSCT.
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CTLA-4 is a major negative regulator of immune responses, and CTLA-4
haploinsufficiency has been identified as a monogenic cause of primary
immunodeficiency in patients presenting with a common variable immuno-
deficiency (CVID) phenotype with autoimmunity. Here we present the case
of PB, a 40-year-oldmanwho had been followed by the immunology service
of our center for 17 years. A diagnosis of CVID had first beenmadewhen the
patient presented with atypical transverse myelitis, low immunoglobulin
levels, and lymphopenia. Over the years, his clinical picture was dominated
by various forms of autoimmunity, namely inflammatory demyelinating dis-
order of the central nervous system, autoimmune haemolytic anemia, im-
mune thrombocytopenia, cryptogenic organizing pneumonia, rheumatoid-
like polyarthritis, chronic liver transaminitis with biopsy-proven moderate
fibrosis, and lymphocytic colitis with malabsorption. Immunoglobulin re-
placement therapy was started at diagnosis, and autoimmunity was sequen-
tially treated with methotrexate, interferon beta 1-a, cyclophosphamide, my-
cophenolate mofetil, rituximab, and finally a combination of low-dose pred-
nisone and sirolimus, with stabilization of his neurological condition, the
most debilitating complication of his immune dysregulation syndrome.
Bone marrow transplant had been offered, but declined by the patient due
to perceived good quality of life compared to transplant-associated risks.
The patient was later referred to our hematology ward in July of 2018 for
septic shock complicating febrile neutropenia, which was part of a two-
month, gradual-onset pancytopenia. The diagnosis of immune-mediated
aplastic anemia soon became apparent, as demonstrated by a bone mar-
row biopsy performed in a peripheral center two days prior to admission.
The underlying pneumonia and thereafter biopsy-induced
Staphylococcus aureus iliac osteomyelitis and soft-tissue abscess were
treated with broad-spectrum antibiotics as well as multiple surgical inter-
ventions. The patient was started on eltrombopag, high-dose corticoste-
roids and cyclosporin A, the latter promptly switched to tacrolimus due to
liver enzymes disturbances, all of which resulted in no significant hema-
tologic response despite over seven weeks of treatment (with concurrent
treatment of complicating infection, upper gastrointestinal bleeding, and
intensive-care-unite myopathy). During that time, genetic confirmation of
CTLA-4 haploinsufficiency was received, and the patient was thereafter
started on abatacept on day 48 of current hospitalization. Administration
of equine anti-thymocyte was initially foregone because of perceived
infectious risk in the setting of poor iliac wound healing and
superimposed adenovirus viremia; however, given the lack of response,
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it was given on days 52 through 54 of hospitalization. Haematologic
response began on day 67 of hospitalization with a steady rise in all-
lineage myelopoiesis up to a complete neutrophil response, platelet
near-complete response as well as resolution of transfusion needs by
day 101. While waiting for a well-matched bone marrow donor, isolated
platelet decrease was observed and attributed to multiple factors, includ-
ing low-grade thrombotic microangiopathy, inflammatory consumption
and drug-related thrombocytopenia, but the patient remained well. To our
knowledge, our patients presentation is one of the most severe manifes-
tation of CTLA-4 haploinsufficiency to have responded to targeted ther-
apy with abatacept, as a bridge to hematopoietic stem cell transplantation,
with resolution of both immune and infectious complications, showing
that genetic diagnosis is helpful in optimizing the management of pre-
sumed CVID patients.
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BACKGROUND: XLF/Cernnunos deficiency is a rare primary
immunodeficiency classified within the DNA repair defects.
These patients present severe growth retardation, microcephaly,
lymphopenia and increased cellular sensitivity to ionizing radia-
tion. Here, we describe two unrelated cases with the same non-
sense mutation in the NHEJ1 gene showing significant differences
in clinical presentation and immunological profile but a similar
DNA repair defect.
METHODS: Missense NHEJ1 mutation was identified by targeted
next-generation sequencing with an in-house designed panel of
192 genes.
For foci experiments, primary skin fibroblasts were irradiated with ioniz-
ing irradiation (137Cs) or treated with 20mM Etoposide for 1 hour. After
irradiation, the cells were seeded at a density of 1x104 cells/mL in T75
flasks in triplicate. To evaluate cell sensitivity to gamma-IR (1 and 3
Gy),adherent cells were trypsinized and counted 11 days later. PBMCs
from patient and healthy controls were irradiated with 10Gy, fixed and
stained for CD3, CD19 and phospho-histone H2AX. Mean fluorescence
intensities (MFI) of gamma-H2AX were evaluated on gated CD3+
lymphocytes.
RESULTS:We report two patients harboring the same homozygous
mutation in Cernunnos/XLF/NHEJ1 gene. Strikingly, their clinical
phenotype ranges from severe combined immunodeficiency to iso-
lated thrombocytopenia followed until escolar age (Table 1). They
harbour the same c.169C>T mutation in NHEJ1 gene but different
immunologic features (Table 2). P2 presented with mild T

lymphopenia, hypersensitivity and NHEJ repair defect, typical
for patients with XLF/NHEJ1 defects. On the other hand, P1
presented a more severe phenotype (T-B-), however hypersensitiv-
ity and NHEJ repair defect was similar to P2.Of note, P2 has
survived into the first decade of live. Both patients are alive
and well after HSCT.
DISCUSSION: Usually the repair defect in these disorders is
assessed by immunofluorescence assays of irradiation-induced
gamma-H2AX foci using skin fibroblasts. A high throughput, sen-
sitive and reliable assay to quantify gamma-H2AX foci in PBMCs
isolated from blood samples would be a valuable tool to diagnose
these patients and perform HSCT early. Flow cytometry (FC) can
be applied as a rapid diagnostic tool for DNA repair disorders.
Patients with the same homozygous mutation (p.R178X) in
NHEJ1 gene have been previously reported. Two patients died
at 1.5 and 4 years while another of the patients is already 8 years
old and is alive (without HSCT). However,none of these patients
presented severe T lymphopenia as it has been observed in our
first patient.
CONCLUSIONS: The assignment of a timely and accurate diagno-
sis is of paramount importance in the management of patients
with defects in DNA repair. In the era of NBS an abnormal
TREC assay should be fol lowed by NGS approach as
Cernunnos deficiency may present early in life as SCID,as other
RS-SCID defects. Since genetic diagnosis takes time,functional
radiosensitivity assays in peripheral blood may lead to the correct
diagnosis and avoid exposure to alkylating agents during the con-
ditioning regimen prior to genetic diagnosis. It would also be
helpful in cancer patients to individualize and to guide the dosing
of ionizing radiation (IR) and/or genotoxic agents to avoid accu-
mulation of cells with genomic instability that could accelerate
cancer development.
Table 1. Clinical features of the patients with Cernunnos deficiency

P1 P2

Origin Caucasic Caucasic

Consanguinity No No

Age Onset 1m 9m

Current 2y 7y

Clinical
features

Microcephaly + +

Growth
retardation

+ +

Facial
dysmorphism

- +

Additional
clinical
features

Neurological
manifestations

- -

Bone
malformation

- -

Autoimmunity - +

Cytopenias - +
(thrombocytopenia)

Infections Respiratory tract
infections

- +

Bacterial and
opportunistic
infection

- -

Urinary tract - -

Outcome Status Alive and well
(HSCT)

Alive and well
(HSCT)
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6 Month Old Female with Congenital Onset Indolent Systemic
Mastocytosis Successfully Treated with Midostaurin

Christin Deal, MD1, Manish Butte, MD, PhD2, Maria Garcia-Lloret, MD3

1Allergy/Immunology Fellow, UCLA

2Division of Allergy/Immunology Chair, Division of Immunology,
Allergy, and Rheumatology, Dept. of Pediatrics and Jeffrey Modell
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A 6-month-old female presented with symptoms of systemic mastocytosis
including history of episodes of cyanosis and irritability, ALTE, chronic
diarrhea (6-9 loose stools per day), hematochezia, diffuse skin lesions and
bullae and a left axillary mass. Skin biopsy of left axilla was performed by
her dermatologist showing presence of mast cells and she was subsequently
started on cromolyn, cetirizine, ranitidine, prednisolone, hydroxyzine, di-
phenhydramine and montelukast without any improvement in symptoms.
Axillary mass was initially believed to be abscess formation secondary to
the skin biopsy but was found to have complex cystic structure onMRI and
ultrasound. The lesion was initially improved by drainage but continued to
recur over several weeks despite multiple antibiotic courses and surgical
drainages. Cytology of drained fluid showed lymphocytosis.
Bonemarrow biopsy showed 5%mast cells andD816V variant of KIT gene.
There was no associated hepatosplenomegaly. Germline sequencing ofwhole
blood showed no mutation of KIT indicating congenital onset of acquired
indolent systemic mastocytosis. Skin findings consistent with diffuse cutane-
ous mastocytosis with bullous eruptions and hemorrhage.
She was subsequently hospitalized 2 weeks later for an unresponsive
episode and had worsening of her skin lesions. During this hospitalization
she started on Midostaurin at 30mg/m2 for systemic mastocytosis.
Midostaurin is a novel protein kinase inhibitor that has shown efficacy
treatment of patients with D816V c-kit positive advanced systemic
mastocytosis (van Anrooij et al., 2018). Dose was increased to
45mg/m2 BID 3 weeks after initiation. She received premedication with
ondansetron prior to each dose ofMidostaurin. Tryptase levels responded
well to Midostaruin and were 109 ug/L on the day of initiation of
Midostaurin and were 54.1ug/L at her last check which was approximate-
ly 4 weeks after starting Midostaurin (Figure 1). Her skin lesions also
significantly improved after starting the medication (Figure 2).
Her hospitalizations were complicated by fluid overload and hyperten-
sion. Both fluid overload and hypertension resolved prior to discharge.
She remains on 2mg prednisone daily, cetirizine, ranitidine, cromolyn and
Benadryl and hydroxyzine PRN. To our knowledge, this is the youngest
patient successfully treated with Midostaurin and she is doing very well
on therapy with no apparent side effects. She has had resolution of many
of her systemic mastocytosis symptoms including skin lesions, axillary
mass and improvement in her diarrhea and growth as well as objective
improvements in her tryptase levels.

Parameter RefValues
(children)

P1 P2

Lymphocyte (n°/μL) 2500-6000 809 879

T Cells

CD3+ n°/μL (%) 1400-4300
(52-88)

60 (7) 661 (75)

TCRαβ (%) 85-99 5 54

TCRγδ (%) 2-15 1 16

CD3+HLA-DR+ (%) 0-10 22 7

DNT (%) 0-2.5 0.2 0.7

CD4+ n°/μL (%) 1000-2500
(33-55)

53 (7) 304 (35)

CD4+CD45RA+CCR7+(Naïve) (%) 32-82 4.1 45.4

CD4+CD45RA+CCR7- (CM) (%) 15-30 41.5 28.9

CD4+CD45RA-CCR7- (EM) (%) 8-30 53.9 23.8

CD4+CD45RA-CCR7+ (E) (%) 0.4-4 0.4 1.89

CD4+CD45RA+CD31+ (%) 44-60 2

CD8+ n°/μL (%) 400-1400
(17-34)

6 (1) 264 (30)

CD8+CD45RA+CCR7+(Naïve) (%) 30-80 15.3 72.0

CD8+CD45RA+CCR7- (CM) (%) 3-28 16.2 4.5

CD8+CD45RA-CCR7- (EM) (%) 17-40 59.5 16.7

CD4+CD45RA-CCR7+ (TEMRA) (%) 2-15 9 6.8

TRECS (copies/punch) > 10 < 10 50

NK Cells

CD56+CD3- n°/μL (%) 100-650
(2-20)

671
(83)

191
(21.7)

B Cells

CD19+ n°/μL (%) 400-1500
(9-28)

49 (6) 22 (2.5)

CD19+CD27+ (%) 7-19 32

CD19+IgD-CD27+ (%Naïve) 75-89 63

CD19+IgD+CD27+ (%MZ) 2.6-7.1 14.9

CD19+IgD-CD27+ (%SW) 4.5-20 17.10

CD19+CD38hiIgM+
(%Transitional)

3-10 13

Plasmablasts 0.5-5 4.6

KRECS (copies/punch) >10 <10 100

Serum Immunoglobulins (mg/dl)

IgG (mg/dL) 600-1230 446 779

IgA (mg/dL) 30-200 18 <6.67

IgM (mg/dL) 50-200 40 109

Specific antibodies

IgG vs Pneumococcus (mg/dL) >5.4 2.9

IgG2 vs Pneumococcus (mg/dL) >2.4 0.36

IgG vs Tetanus toxoid (IU/mL) >0.1 9.10

TABLE 2. Immunologic features of the patients
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Case report: A two-year-old male presented to the hospital with a
painful, non-pruritic facial and groin rash. The rash started one
week prior to presentation. He had no associated fevers. His his-
tory was remarkable for failure to thrive (FTT) and chronic bilat-
eral leg pain with antalgic gait. Over the preceding months, he
had been diagnosed with hand-foot-mouth disease and varicella.
He had also had recurrent cervical lymphadenopathy (LAD) for
greater than one year requiring incision and drainage. Gram stain
and Gomori Methenamine-Silver Nitrate Stain (GMS) were nega-
tive and pathology showed only acute and chronic inflammation
with areas of necrosis. His family history was negative for auto-
immune disease or immunodeficiency. Infectious exposure history
was significant for an incarcerated father with unknown tubercu-
losis status and history of living in a shelter.

On physical examination, the patient was well appearing with
multiple erythematous papules, with superficial erosions and scab-
bing on the face (Figure 1), lower abdomen, genital area, buttocks
and proximal lower extremities. He had large, firm, non-tender
submandibular lymph nodes. He also had small palpable axillary and
inguinal lymph nodes bilaterally.
His laboratory workup revealed normal white blood cell and platelet
counts, but microcytic anemia, an erythrocyte sedimentation rate of 140
mm/hr, and C-reactive protein of 7.5 mg/dL. Full body magnetic reso-
nance imaging (MRI) revealed bilateral cervical, supraclavicular, right
hilar and inguinal lymphadenopathy and a patchy right upper lobe con-
solidation with at least one small area of cavitation (Figure 2) and an
adjacent smaller area of ring enhancement. It also revealed three small
nonspecific hypodense foci within the right lobe of the liver and border-
line splenomegaly. Given these findings, there was concern for granulo-
matous diseases. The patient underwent a liver biopsy (Figure 3) which
showed non-specific evidence of necrotizing granulomatous disease.
Microbiological cultures and stains for bacteria, acid-fast bacilli and fungi
were negative. His infectious work-up was negative for HSV, tuberculo-
sis, HIV, syphilis, histoplasmosis, and toxoplasmosis. Superficial bacte-
rial cultures from the face and groin grew mixed gram positive and neg-
ative organisms, including methicillin-susceptible Staphylococcus aureus
(MSSA).
His immunologic workup revealed borderline elevated IgA and IgG with
normal IgM, normal T,B, NK-cell counts and pneumococcal and tetanus
titers. A dihydrorhodamine (DHR) flow cytometric test was positive,
consistent with a diagnosis of chronic granulomatous disease (CGD).
Genetic testing confirmed X-linked disease.
He was treated with acyclovir and ceftriaxone with resolution of
his rash.
Conclusion: We present a case of a two-year-old male with newly diag-
nosed X-linked CGD. Though he had been seen by multiple healthcare
providers for recurrent lymphadenopathy over the preceding year, he had
no other history of recurrent viral or bacterial infections or significant
family history that might implicate a primary immunodeficiency. At time
of presentation, he had diffuse rash which could have caused his palpable
lymphadenopathy on exam. A high index of suspicion for CGD in the
setting of recurrent LAD and FTT prompted sending the DHR, which led
to the diagnosis.

Figure 1. Facial rash. Patient had similar rash in lower abdomen, genital
area, buttocks and proximal posterior lower extremities. Bilateral sub-
mandibular fullness can also be appreciated.
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Figure 2. Axial post gadolinium images showing abscess within a right
submandibular lymph node (arrow) and consolidation in the right upper
lobe with central cavitation (*)

Figure 3. Liver biopsy revealing palisading histiocytes surrounding cen-
tral necrosis, consistent with necrotizing granulomas (400x).
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Chronic Granulomatous Disease (CGD) is an inherited primary immuno-
deficiency (PID) which results in both inflammatory response dysregula-
tion and an increase in susceptibility to certain bacterial and fungal infec-
tions. Without curative treatment such as a bone marrow transplant, it
remains a chronic disease with daily medication management, intermit-
tent treatment and life-long surveillance. In general, chronic disease in-
volves physical, psychological and social effects which can affect the
patients quality of life. Although some research has been done on how
PID affects quality of life, there is little research in the United States about
how CGD affects patients quality of life.
To examine the effect of CGD on patients quality of life, as a
part of a voluntary research protocol examining the natural history
of immune deficiencies, we administered the WHO QOL-BREF

instrument to adult CGD patients enrolled on a NIH IRB ap-
proved protocol and seen in the Infectious Disease Clinic at the
National Institutes of Health (NIH) over a five-month period. The
WHO QOL-BREF is comprised of 26 items, which measure the
following broad domains: physical health, psychological health,
social relationships and environment. Each item is rated on 5-
point Likert scale. It has been validated cross culturally and has
been widely field tested. The survey was interview administered
to 35 patients (23 males, 12 females) with genetically confirmed
CGD. The age range was 18 - 60 years old (mean age 37.6 years)
with a distribution of 57 % x-linked CGD and 43% autosomal
recessive CGD.
Results have been obtained and will be presented.
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Rationale: Common Variable immunodeficiency (CVID) is the
most common primary immunodeficiency with an estimated prev-
alence of 1:25,000. We aimed to analyze the clinical presentations
and their associated comorbidities amongst CVID patients in
USA.
Methods: Data on 1,546 CVID patients reported in the United States
Immunodeficiency Network (USIDNET) from 1992 to 2018 were ana-
lyzed based on clinical, immunological and genetic factors. Univariate
analysis with Spearman rank coefficients was done to analyze correla-
tions between disease outcomes. Observed survival was estimated using
the Kaplan-Meier method.
Results: Among the 1546 patients, 908 (58.7%) were female and
638 (41.3%) were male. Median age at diagnosis was 29 years
[mean (SD), 30.1 (20.2); range, 0-82; IQR, 12-47] with median
age of onset of 14 years (mean (SD), 20.3 (19.2); range, 0-81;
IQR, 3-33). Females showed a longer delay in diagnosis (9.5 vs.
6.6 years, P=0.006). Higher body mass index (BMI) linearly cor-
related with the age of diagnosis (r= 0.46). In survival analysis, a
5-year delay in age at diagnosis increased the risk of death by
7.4% (HR: 1.07, 95% CI: 0.98-1.18, p=0.14).
Conclusions: Our study suggests a longer delay in diagnosis in
female subjects and a strong association with diagnosis of CVID
in patients with higher BMI. Females may have a longer period
without symptoms leading to a diagnostic delay. Gender- based
and disparities-based inquiry into these trends may need additional
study.

*
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Table 1: Demographics of CVID patients in USIDNET registry in-
cluding gender, age groups, race, living status, family history of
Primary Immunodeficiency

Table 2. Characteristics of Interest- BMI, Age of Onset and Years
from onset to diagnosis based on gender among CVID patients in
USIDNET registry
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The physical well-being of those with primary immunodeficiency (PI)
and the physical maladies of those with PI are well-documented. Since
the 1950s, advances in identification and treatment of PI has for many led
to lives where the physical infections of these groups of diseases are
manageable. However, not as well understood are the emotional and
mental health aspects of living with PI. As part of a larger survey project
The IDF 2017 National Patient Survey, this study aims to quantify any
potential mental health issues or challenges faced by adults with PI. Our
hypothesis- those with PI, suffer from statistically higher rates of depres-
sion when compared to the U.S. general population.
The 2017 IDF National Patient Survey was a nationally distributed, un-
incentivized, mail-based survey of 4,500 persons in the IDF patient data-
base identified as being either adults with PI or the parent/caretaker of a
child with PI. The questionnaire comprised approximately 44 main ques-
tions about PI as well as the validated SF-12v2, Brief Fatigue Inventory
and the Patient Health Questionnaire-2 (PHQ-2) instruments. Additional
questions asked about current use of prescription medications for anxiety,
depression, stress and pain. For the purpose of this study, only adult
respondents with PI are included as the basis for analysis.
The two-item Patient Health Questionnaire (PHQ-2) meets the criteria for
general screening of depression suggested by the U.S. Preventive
Services Task Force. Scored on a scale of 0-6, a score of three or higher
is suggested as the cut-point for depressive screening. According to a
2014 AHRQ study that utilized MEPS data, 2,139 of the 23,770 (9%)
respondents scored three or greater. In our survey 211 of the 925 (23%)
adults scored three or greater (2 <.05.)
Overall, those in our survey scored lower on the SF-12v2MCS scale when
compared to the U.S. population (44.3 v.50.0, p<.05). Further, adults with
PI who scored three or higher on the PHQ-2 had an average MCS of 31.8.
Those who met the PHQ threshold in our survey were also more likely to
report moderate to severe limitations in normal activities as a result of
emotional problems than those that fell below the threshold (74% versus
13%, p <.05).
Not surprisingly, those that met the PHQ threshold reported much higher
use of prescription medications for anxiety, depression, stress (69% ver-
sus 33% below threshold, p <.05) as well as a higher reported use of
prescription pain medications (33% versus 17% below threshold, p
<.05). Though moderate to severe fatigue was reported by 68% of those
below threshold, 99% of those with PHQ scores at threshold reported
experiencing moderate to severe fatigue (p <.05).
Health care providers should consider including the PHQ-2 in the overall
health assessments of their patients with PI. Those scoring three or higher
should be referred to the appropriate professional for further evaluation.
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A 23-year-old female from Kuwait presented to our multi-
disciplinary Primary Immunodeficiency Clinic, for a history of

Demographics Number
of
patients

% USIDNET
CVID
cohort

95%Confidence
Interval

Gender:

Male 638 41.3% 0.39-0.43

Female 908 58.7% 0.56-0.60

Age group:

<10 years 16 1% Median age
50 years

10-20 years 188 12% Mean 47.6 years

20-35 years 300 19% CI 46.6-48.74
for mean

35-55 years 415 27%

>=55 years 627 41%

Race:

Caucasian 1283 96% 0.95-0.97

Others
(African-American,
Asian, Hispanic)

34 3% 0.01-0.03

Unknown 1% 0.05-0.01

Living 1415 91.5% 0.95-0.97

Deceased 55 3.5% 0.03-0.02

Lost follow up 76 5%

Family history of
PIDD

Yes 176 11.38% 0.20-0.26

No 575 37.2% 0.73-0.79

Unknown 795 51.4%

Female (N=908) Male (N=638) p- value

BMI 0.00122

N 567 364

Mean (SD) 26.2 (7.4) 24.5 (6.5)

Median 24.9 23.7

Q1, Q3 21.3, 29.8 19.3, 28.7

Range (11.6-60.2) (13.7-52.8)

Age of onset <0.00012

N 545 436

Mean (SD) 23.3 (19.7) 16.6 (17.8)

Median 19.0 10.0

Q1, Q3 5.0, 37.0 2.0, 27.5

Range (0.0-81.0) (0.0-79.0)

Years from onset
to diagnosis

0.00662

N 520 405

Mean (SD) 9.5 (12.9) 6.6 (9.8)

Median 4.0 3.0

Q1, Q3 1.0, 13.0 1.0, 8.0

Range (0.0-64.0) (0.0-72.0)
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several years of eczema, multiple skin abscesses, recurrent sinusitis,
and history of pneumonia complicated by pneumatocele. Based on
patient history and outside records, she had been admitted multiple
times for cutaneous abscesses on her abdomen, thigh, and gluteal
regions, requiring multiple episodes of antibiotics and incision and
drainages.
The patients symptoms first started early on in her first year of life, with
refractory eczema and recurrent cutaneous infections. During her second
year of life, she had recurrent episodes of respiratory infections and was
diagnosed with pneumonia complicated by pneumatocele formation,
which required surgical intervention. Her medical history is also notable
for fungal infections of the nails and multiple episodes of otitis media.
There is no family history of recurrent infections or known
immunodeficiency.
In 2012 at the age of 17, she was diagnosed with clinical hyper IgE
syndrome with eosinophilia and IgE level above 5000 KU/L.
At the time of evaluation at our institution, examination did not reveal
evidence of active infection. Her examination was significant for multiple
scars to her upper and lower extremities and gluteal region from previous
incision and drainages. She had a left thumb nail onychomycosis. She
was also noted to have a broad nasal bridge and retained primary teeth.
A CT scan of the chest was obtained, which showed fibrosis and volume
loss with underlying bronchiectasis in the right lung. Pulmonary function
testing revealed a mild decline in DLCO at 15.99 ml/(min*mmHg).
The patients calculated NIH-HIES score was >60. Due to clinical diag-
nosis of Hyper-IgE, genetic testing was pursued, which revealed a likely

pathogenic variant, p.Trp623Leu (W623L) (TGG>TTG): c.1868 G>T in
exon 20 of the STAT3 gene. The W623L missense variant in the STAT3
gene has been previously observed in one individual in association with
Hyper-IgE syndrome (Al-Mousa et al., 2016). This variant is not ob-
served in large population cohorts (Lek et al., 2016). The W623L is a
semi-conservative amino acid substitution, which may impact secondary
protein structure. In-silico analyses supported a deleterious effect, located
within the SH2 domain, which is a critical functional domain (Chandesris
et al., 2012; Koskela et al., 2012). It was thus determined that this variant
is likely pathogenic.
The patients prophylactic treatment was optimized with TMP-SMX
(800mg-160mg) twice daily for prevention of infections. She was also
started on Hibiclens (chlorhexidine) baths once per week. She was re-
ferred to Pulmonology for optimization of pulmonary health in the setting
of bronchiectasis and mild decline in DLCO. She was advised to follow-
up on a yearly basis to the Primary Immunodeficiency Clinic to assess for
recurrent infections and for changes in pulmonary health. Finally, targeted
testing and clinical evaluation of both of the patients parents was recom-
mended to determine if W623L was inherited or arose de novo. The
pathogenic role of theW623Lmissense change would be further support-
ed if it had occurred de novo or if it segregates with the disease in the
family.
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Introduction: Lipopolysaccharide-responsive and beige-like anchor
protein (LRBA) deficiency is a rare autosomal recessive disease of
the immune systems characterized by hypogammaglobulinemia and
decreased CTLA4 expression on T regulatory cell (T regs) due to
defective intracellular trafficking of CTLA4. Previous in vitro study
has shown a significant increase of CTLA4 expression on LRBA
deficient T cells after overnight culture with chloroquine, an older
anti-malarial agent. This effect is likely due to increasing lysosomal
pH. However, there is no evidence of such effect in human subjects
after administration of weight appropriate doses anti-malarial
agents. We are presenting a set of siblings with LRBA deficiency
who had CTLA4 expression measured before and four weeks after
starting hydroxychloroquine.
Case reports: Case 1 is a 14-year-old East-Indian boy with autoim-
mune thyroiditis, Type 1 diabetes mellitus (DM), short stature, au-
toimmune cytopenias, and lymphadenopathy. He was referred to
immunology clinic at 9 years of age for suspicion of Autoimmune
Lymphoproliferative Disorder. Primary Immunodeficiency Genetic
Panel was sent which revealed a homozygous mutation in LRBA
gene (c.6480_6481del). This novel variant resulted in a frameshift
and created a premature stop codon 18 amino acids downstream
from this location which may lead to absent or abnormal protein.
Lung CT scan showed interstitial lung disease. Lung biopsy showed
interstitial nodular and diffuse lymphoid proliferation. This diagno-
sis led to the testing of his sister (case 2) given her history of
autoimmune illnesses and the family history of consanguinity.
Case 2 is a now 13-year-old girl with type 1 DM, autoimmune
thyroiditis, lymphadenopathy, psoriatic arthritis, and seizures. Her
lung imaging showed pulmonary nodules without interstitial lung
disease. Both cases received hydroxychloroquine while waiting for
insurance approval of abatacept. CTLA4 expression on Tregs was
measured prior to and four weeks after starting hydroxychloroquine
treatment. At baseline, 8.6% of Case 1s CD4 cells were Treg
(FOXP3+ve, CD25hi) and 51.4% of them expressed CTLA-4 (in
contrast to 94.1% Tregs in the healthy control) with mean fluores-
cence intensity (MFI) of 335. This ratio and MFI did not change
after 4 weeks of hydroxychloroquine treatment (6 mg/kg/day).
Soluble Interleukin-2 receptor levels were measured: Case 1 had a
baseline level of 8510 pg/mL, which decreased to 2228 pg/mL after
4 weeks of hydroxychloroquine treatment. For Case 2: 8.4% of her
CD4+ T cells were found to be FOXP3+CD25hi and 36.1% of these
Tregs expressed CTLA-4. This ratio increased by 7% after one
month of hydroxychloroquine. Increase in MFI was also noted from
298 to 386. Case 2 had a drop in soluble Interleukin-2 receptor level
from 1265 pg/mL to 950pg/mL after treatment.
Conclusion: In contrast to the previous in vitro assays, we did not
find a significant increase in CTLA4 expression on T regulatory
cells in vivo after 4 weeks of 6mg/kg/day hydroxychloroquine.
Interestingly, soluble IL-2 receptor levels improved dramatically
with hydroxychloroquine.
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Introduction/Background: Autosomal dominant heterozygous mutations
in NFKB2 (encoding for the protein NF-kB2) have been identified in the
etiology of a form of primary immunodeficiency disorder that presents
with hypogammaglobulinemia, defects in B-cell maturation,
endocrinopathy, and autoimmune manifestations. In humans, the effects
of altered NF-kB2 and mechanisms of immune system impairment have
not been fully delineated.
Objectives: To understand the mechanism of the antibody deficiency in
patients with hypomorphic mutations in NFKB2 (c.2564delA;
p.Lys855Serfs*7) by evaluating B-lymphocyte proliferation, differentia-
tion, function, and gene expression.
Methods: Immunophenotyping of primary B-cells from subjects
with mutant NFKB2 was completed by flow cytometry.
Proliferation of B-cells was assessed by CFSE stimulation of prima-
ry CD19+ B-cells from healthy and NFKB2 mutant subjects.
Differentiation of healthy and affected naïve B-cells (CD27-
CD38-) into plasmablasts (CD27+CD38+) following stimulation
was assessed by flow cytometry. The supernatant from these cells
were assayed for IgA, IgG and IgM production by ELISA. To study
the defect in class-switch recombination, naïve B-cells and EBV-
transformed B-cells from affected and healthy individuals were
stimulated and expression of the AICDA gene was quantified by
qPCR. In parallel experiments, EBV B-cells from wildtype and
NFNB2 mutant individuals were stimulated and AID (Activation-
induced cytidine deaminase) protein levels were determined by
western blot.
Results: Patients with hypomorphic mutations in NFKB2 (c.2564delA)
had low memory B-cell (CD19+ CD27+ IgD- IgM+) and class-switched
memory B-cell (CD19+CD27+ IgD- IgM-) numbers. In vitro, primary B-
cells from these patients demonstrated a 50% reduction in proliferation
and cell division in response to CD40L and IL-10 (p =0.01). Compared to
healthy naïve B-cells, mutant naïve B-cells had a significant reduction in
plasmablast differentiation (p = 0.002) and secreted significantly lower
levels of immunoglobulins in response to CD40L and IL-21 stimulation.
Mutant naïve B-cells and mutant EBV B-cells failed to increase AICDA
expression and AID protein levels in response to CD40L and IL-21
stimulation.
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Conclusions: Our studies demonstrate that a hypomorphic NFKB2 mu-
tation in humans affects intrinsic B-cell proliferation and differentiation.
The mutation impairs transcription of the AICDA gene that encodes AID,
a key protein involved in B-cell class-switch recombination. The NFKB2
gene defect also impairs immunoglobulin production, as seen in common
variable immunodeficiency-like cases. These studies provide unique
translational insights into physiological activities of NF-kB2 in down-
stream immunologic outputs in humans, expanding those suggested by
experimental observations in mice.
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Background: Few studies have evaluated the quality of life (QOL) and
patient reported outcomes of primary immunodeficiency disease (PIDD)
patients, and no studies have assessed medical provider perceptions of
their PIDD patients QOL, neurocognition, physical well-being and psy-
chosocial health. Understanding provider beliefs regarding patient report-
ed outcomes is essential to improving clinical management of PIDDs.
Here we report our PIDD medical provider survey results.
Methods: Providers were contacted via email with the assistance of the
Clinical Immunology Society. Participants completed adult and/or
pediatric-based Likert scale survey questions via a secure online survey
service. In addition to demographic information, survey questions
assessed provider perceptions of patients overall QOL and their impres-
sion of the impact of disease or its associated treatment on mental health,
physical well-being, neurocognition, social relationships and school/work
performance. Clinicians were expected to make their assessments based
on their PIDD patient cohort as a whole rather than on specific diagnoses
or patients. Given the small sample size, a p-value < 0.1 was considered
statistically significant; repeatedmeasures ANOVA and paired t-test anal-
yses were used.
Results: Study participants (n=58) were primarily from the United States
(64%), born between 1965-1979 (44%), and trained in allergy/
immunology (77%). 85% of survey takers practiced within an academic
center, 52% were female and 95% cared for children with 42% of pro-
viders concurrently caring for adults. There was a statistically significant
difference (p=0.07) in the perceived overall QOL of pediatric versus adult
PIDD patients with 41% of providers feeling as though their pediatric
patients had a goodQOLwhile only 25% believed their adult patients had
a good QOL. Clinicians believed adult PIDD individuals had more diffi-
culties related to associated co-morbidities rather than their actual PIDD
compared to pediatric PIDD patients (p=0.046). Providers felt that the
neurocognition and school performance of children were more often neg-
atively affected by a PIDD than the neurocognition and work perfor-
mance of immunodeficient adults (p=0.1). Clinicians believe children
with PIDD more frequently had difficulties related to their concentration
than memory (p<0.01). 96% of those who care for PIDD adults believe
their patients work performance or daily mental functioning is at times
negatively impacted. Anxiety symptoms and social relationships were
viewed as being more negatively impacted by a PIDD diagnosis or treat-
ment than anger or depressive symptoms in both children and adults

(p<0.01). 38% of pediatric clinicians feel their PIDD patients experience
anxiety symptoms often or almost always. Of physical health parameters,
energy, rather than mobility or pain, was deemed to be more deleteriously
influenced by an immunodeficiency in adult and pediatric patients
(p<0.01).
Conclusions: Our results show that medical providers perceive the overall
QOL of pediatric PIDD patients to be superior to that of adults with PIDD,
but most clinicians feel a diagnosis or associated treatment regimen for
PIDD can negatively impact the physical well-being, psychosocial health,
school/work performance and neurocognition of both children and adults.
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Introduction/Background: The caspase recruitment domain family mem-
ber 11 (CARD11)B cell CLL/lymphoma 10 (BCL10)MALT1
paracaspase (MALT1) [CBM] complex is a critical signalling adaptor that
regulates lymphocyte activation, proliferation, survival, and metabolism.
Primary immunodeficiencies affecting each component (termed CBM-
opathies) result in broad clinical manifestations ranging from severe com-
bined immunodeficiency (SCID) to lymphoproliferation. We present the
laboratory and clinical findings of two Canadian First Nations patients
found to be homozygous for the same novel CARD11 mutation
(c.2509C>T; p.R837*).
Results: We have identified an 8-month-old boy who presented with a
severe case of entero/rhinovirus bronchiolitis with interstitial lung disease
and a 17-year-old boy with a history of severe pulmonary infections
(including PJP), chronic sinusitis, candidiasis, invasive bacteremia, and
severe ileo-colitis and oral ulceration requiring total colectomy. Both
patients possessed absent Tregs, absent memory B cells, and
hypogammaglobulinemia. However, only the 8-month-old had poor T
cell proliferation to PHA, ConA, and CD3. Both patients were found to
be homozygous for the same novel variant of CARD11 (c.2509C>T;
p.R837*). The mutation rendered CARD11 protein expression unstable
and it was undetectable by immunoblot. To confirm CARD11 deficiency,
we stimulated patient B cells with phorbol 12-myristate 13 acetate (PMA)
and ionomycin across a time-course and immunoblotted for various sig-
nalling proteins in both the NF-B (IKK/, IB, p65) and MAPK (MEK1/2,
MKK4, JNK1/2, ERK1/2) pathways as well as various cleavage sub-
strates of the MALT1 paracaspase (RelB, CYLD, BCL10, HOIL1). NF-
B and JNK activation were completely absent and MALT paracapase
activity was lost, but surprisingly, MKK4 (which acts upstream of JNK)
was intact. Furthermore, co-immunoprecipitation experiments revealed
that CARD11 was required for optimal MALT1 association with
BCL10 in response to stimulation.
Conclusions: These two cases highlight the crucial role of CARD11 in
regulating lymphocyte development, function, and humoral responses. In
addition, we have identified the oldest known living individual with
CARD11 deficiency and he presented uniquely with inflammatory gastro-
intestinal disease in addition to SCID, further adding to the spectrum of
phenotypes associated with CARD11-related primary immunodeficiencies.
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Abstract: The USIDNET Registry began in 1992 with an NIAID contract
with the Immune Deficiency Foundation, which continues today. It aims
to provide a resource for clinical and lab research through enrollment of
known immunodeficiency patients into a national registry, the USIDNET.
NIH is a major national and international referral center for clinical trials
on inborn errors of immunity, or primary immunodeficiency diseases. It is
a mechanism for depositing NIH data into USIDNET. A Registry of
patient information may help us understand how many people have each
disease. The information may improve how we diagnose and treat these
conditions. The patient Registry is designed to obtain longitudinal data on
a large number of patients with primary immunodeficiency diseases who
come to NIH to participate in research. The data is collected from the NIH
electronic medical record system, CRIS and is deposited into a secure
registry with restricted and monitored access. All medical information is
anonymized for patient privacy.

(40) Submission ID#594012

Heterozygous OAS1 Mutations Cause Spontaneous RNA Cleavage
and Apoptosis with Resulting Multisystem Inflammation and
Immunodeficiency

Heimall, J1, Magg, T2, Sullivan, KE1, Albert, M2, Griese M2, Conway D3,
Gray, PE4, Calderon, B5, Conn, G5, Klein, C2, Hauck, F2

1Allergy Immunology, The Children’s Hospital of Philadelphia,
Philadelphia, PA
2Department of Pediatrics, Dr. von Hauner Children’s Hospital,
University Hospital, LMU Munich, Germany
3St. Christopher’s Hospital for Children, Philadelphia, PA
4Dept. of Immunology and Infectious diseases, Sydney Children’s
Hospital, Sydney, Australia
5Department of Biochemistry, Emory University, Atlanta, GA

OAS1 is an intracellular sensor for dsRNA that generates the second
messenger 2'-5'-oligoadenylate to activate RNase-L as a means of antivi-
ral defense. We describe four patients with a complex early-onset
autoinflammatory and immunodeficiency disease caused by heterozy-
gous de novo OAS1 mutations.
Patients presented early in life with lung inflammation including
pulmonary alveolar proteinosis and interstitial lung disease. They
had febrile flares with dermatitis specifically with macular, pustule
and bullous features often progressing to ulceration. Infants had
episodes of bloody diarrhea in 3 patients (assoc. with villous
blunting and cryptitis in two patients and oesophagitis in one pa-
tient). Immunoglobulin IgM, IgG, and IgA levels were low while T
cell, B cell, and NK cell numbers were generally in the normal
range. Exome sequencing identified de novo heterozygous OAS1
missense mutations in all patients.
One patient had a heterozygous de novo OAS1 mutation
p.Ala76Val, with mutant OAS1 protein being expressed in ex vivo
generated T cell blasts. In sorted primary patient monocytes and B
cells, OAS1 p.Ala76Val was associated with spontaneous RNA deg-
radation and apoptosis as determined by RNA chip technology and
flow cytometry, respectively, while T cells were not affected.
Monocytes displayed disturbed terminal differentiation and

functioning as indicated by reduced GM-CSF-R expression and sig-
naling. B-cells display reduced class-switch-recombination.
Proliferation of allogeneic T-cells was reduced in response to sorted
OAS1 mutated monocytes and B-cells. Activation of interferon re-
sponse genes in PBMCs was detected.
Two further unrelated patients had a heterozygous de novo OAS1 muta-
tion p.Cys109Tyr, which appeared to compromise protein stability in
transformed patient fibroblasts and when transfected. Cells transfected
with this mutant protein had reduced 2-5 oligoadenylate synthesis com-
pared to wild type transfected cells. Immortalized fibroblast lines demon-
strated higher levels of inflammatory cytokines and spontaneous cleavage
of RNAs. A 4th patient with the clinical phenotype had a heterozygous de
novo OAS1 variant p.Val121Gly, but has yet to have formal validation of
the variant.
Three patients underwent hematopoietic stem cell transplants in an effort
to control their diarrhea and skin inflammation. One patient died with
ongoing chronic graft versus host disease, while the two others
(p.Ala76Val, Cys109Tyr) are alive and reasonably well with a follow-
up of 0.5-7 years. The untransplanted patient died as a result of respiratory
failure.
In summary, patients with de novo heterozygous OAS1 mutations have
chronic ongoing inflammation of multiple organs. This is at least in part
due to spontaneous RNA cleavage, apoptosis and production of inflam-
matory cytokines and type I interferons. This defines a new category of
autoinflammatory disorder.
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Introduction: Increased susceptibility to infections is the most com-
mon complication of chronic granulomatous disease (CGD).
Hemophagocytic lymphohistiocytosis (HLH) is a severe disorder
resulting from hyperinflammation and hypercytokinemia that can
lead to multi-organ system dysfunction (1) characterized by certain
criteria: fever, splenomegaly, cytopenias, hypofibrinogenemia or
hypertriglyceridemia, hyperferritinemia, increased soluble
CD25/IL-2Ra, evidence of hemophagocytosis, or decreased/absent
NK cell cytotoxicity (2). Secondary HLH occurs infrequently but
often is preceded by smoldering infection in CGD (3,4,5). We pres-
ent a case of HLH in a 38-day old male, the youngest reported case
with CGD.
Case: A 38-day old male with previously diagnosed X-linked CGD,
due to known family history, presented with fevers. Initial evalua-
tion was unrevealing including chest x-ray, urinalysis, and blood
and CSF cultures. He was admitted and treated empirically with

J Clin Immunol (2019) 39 (Suppl 1):S1–S151 S23



cefepime. CT demonstrated multiple multifocal nodules of the lungs
and spleen. After lung nodule biopsy was performed, antimicrobial
therapy was broadened to IV meropenem, voriconazole, and
micafungin. Despite this, he continued to have fever and developed

new onset tachycardia, respiratory distress, and lactic acidosis.
Further decompensation with vasoactive refractory shock was treat-
ed with vasopressors and stress dose hydrocortisone. Additional
laboratory evaluation revealed rising liver enzymes (AST 1670u/L,
ALT 307u/L), cytopenias (hemoglobin 7 g/dL, ANC 90/uL, platelets
96,000/uL), and coagulopathy (fibrinogen 93-135mg/dL).
Splenomegaly was present on abdominal ultrasound. A diagnosis
of evolving HLH was considered and dexamethasone was adminis-
tered. Within 24 hours of clinical decompensation, the patient died
of multiorgan failure. Subsequent blood cultures returned with
gram-negative rods (and ultimately Burkholderia cepacia). Autopsy
confirmed hemophagocytosis within the bone marrow. No mutations
were found in genes associated with primary HLH.
Discussion: Patients with CGD are susceptible to infectious complica-
tions and auto-inflammation most commonly involving the lungs, GI,
and GU systems (6,7). Patients with CGD can be at increased risk of
hyperinflammatory syndromes secondary to infections and chronic in-
flammation. As shown in the included case, HLH can present in infancy
and can be deadly. Early consideration and directed treatment of HLH is
imperative, even in the setting of sepsis.
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Malignant proliferation of Gamma-Delta T cells include hepato-
splenic T-cell lymphoma (HSTL), primary cutaneous T-cell lympho-
ma and T-cell large granular lymphocytic leukemia (T-LGL). The
former two have often been associated with splenomegaly and cy-
topenias. However, reactive proliferation of Gamma-Delta T cells in
spleen mimicking malignancy has only been reported once and has
a significant risk of misdiagnosis.

A 30-year-old female presented with two years of unintentional
weight loss, persistent leukopenia and thrombocytopenia, with
leucocytes around 1-2 X 10^9/L and platelets around 100 X 10^9/
L. She also had associated macrocytic anemia (Hemoglobin=10-
11g/dl) with laboratory evidence of DAT (Direct Anti-globin Test)
negative hemolysis. Physical examination and computed tomogra-
phy (CT) imaging showed splenomegaly. There was no hepatomeg-
aly or lymphadenopathy. Serum liver function test, auto-immune
studies, hemolysis and hereditary diseases workup, viral and bacte-
rial serologies were all normal or negative, except for mild
hyperbilirubinemia and LDH elevation. Bone marrow examination
performed four months prior to the splenectomy revealed mildly
hypocellular marrow (50%) with trilineage hematopoiesis. Flow cy-
tometric analysis and cytogenetics of the bone marrow aspirate and
peripheral blood were normal except for small population of large
granular lymphocyte and mild low absolute B cell counts in periph-
eral blood. A laparoscopic splenectomy was performed for diagnos-
tic and therapeutic purposes due to patients worsening LUQ pain.
There was no other treatment given prior to surgery. 24 hours post-
splenectomy her leucocytes increased to 13.1 and platelets to 247.
Her three-month post-splenectomy WBC count and platelet count
was 8.9 and 391, respectively. Hemoglobin also improved to 14.9.
Pathology showed red pulp expansion by small lymphocytes (Fig.
1) and subsequent IHC (Immunohistochemistry) was positive for
CD3 (Fig. 2), CD2, CD7, TIA-1 and negative for CD8, CD5 and
CD56. CD4 was difficult to interpret. EBER was negative. Flow
cytometry (Fig. 3) showed increased gamma-delta T-cell population
(20%) with positive CD3, CD2 and CD 7 and negative CD 5, CD4
and CD 8. Molecular studies by PCR didnt reveal any T-cell recep-
tor gamma or beta gene rearrangement. Cytogenetics was negative
for isochromosome 7q or any other abnormalities. She was symp-
tom free at 6 months from her splenectomy.
The morphology and immuno-phenotype of these Gamma-Delta T
cells show significant overlap with the malignant cells seen in HSTL
and T- LGL, such as loss or downregulation of CD5, CD4 and CD8.
Awareness of this reactive condition is necessary to prevent making a
wrong diagnosis of a malignant disease with a potentially benign,
spontaneously resolving disease. Additional studies of similar cases
is needed in order to establish more definitive criterion to separate
benign from malignant processes and delineate the role of Gamma-
Delta T cells.
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Background: Sex steroids in the human thymic environment influence
AIRE expression as well as interactions with its partners, i.e. genes cod-
ing for AIRE interactors. Here we investigated the effects of sex steroids
on these interactions during minipuberty the surge of sex hormones that
occur along the first six months of life - and up to 18 months of life. We
employed a network-based approach for investigating AIRE-interactors
gene-gene relationships and how abundantly co-expressed thymic
miRNAs covariate with those genes. AIRE-interactors networks allowed
the measuring of gender-related differences in gene-gene expression cor-
relation disclosing relevant differences between minipuberty groups.
Methods: Total RNAwas extracted from thymic surgical explants obtain-
ed from male (M) and female (F) infants - aged 0-6 months (groups MM
and MF, for minipuberty) and 7-18 months (group NM and NF, for non-
puberty) and used in DNA microarray assays. Gene coexpression net-
work (GCN) analyses were performed for AIRE and its interactors and
for miRNA-gene coexpression analysis. The set of genes coding for the
AIRE-targeted proteins was previously identified in TECs by Abramson
et al. (Cell 140:123-35, 2010). AIRE-interactors networks were obtained
for all groups (link strength cut-off for gene-gene > |0.80| and for miRNA-
gene < -0.80). AIRE expression in mTECs was quantified by immuno-
histochemistry. These methodologies are described inMoreira-Filho et al.
(Sci Rep 8:13169, 2018).
Results: The MM x MF networks comparison showed that 16 abundantly
expressed miRNAs are interacting with the different AIRE interactor genes in
both networks. It is interesting to note that network topologyweremore similar
between NM and NF groups, although AIRE interacts with only one distinct

miRNA in each network (miR-150-5p in the NM group or miR-7977 in the
NF group). Conversely, in the non-puberty networks the sets of miRNAs and
their interacting genes are distinct for each network. Immunohistochemistry
analysis revealed a higher percentage of mTEC AIRE positive cells in the
minipuberty groups: i.e. there is a significant difference betweenMMxNM (p
= 0.0006) and between MF x NF (p = 0.0060).
Conclusions Minipuberty and genomic mechanisms shape thymic sexual
dimorphism along the first 6 months of life. This process does not involve
changes in AIRE expression between genders, but differences in the interac-
tions of AIREwith its partners that persist throughout the non-puberty period,
probably regulated by miRNAs and also by genetic and epigenetic factors.
FAPESP 2014/50489-9
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Introduction: Neutrophils are presumed to defend against Aspergillus
species by releasing reactive oxygen species (ROS) and neutrophil extra-
cellular traps (NETs) to degrade fungal hyphae. Triazole antifungals syn-
ergistically enhance neutrophil mediated hyphal degradation. Patients
with CGD are particularly susceptible to Aspergillus species likely due
to their inability to create ROS and NETs, and in severe cases may not be
amenable to antifungal therapy alone.
Objective: We present a case of severe disseminated aspergillosis in a
patient with CGD in whom GTserved as an important adjunct to antifun-
gal therapy and bridge to transplant.
Results: A 6-year-old boy with known CGD, lost to follow up and non-
adherent to prophylaxis, presented acutely with right-sided hemiparesis.
Neuroimaging revealed an embolic left middle cerebral artery infarction
and cardiac magnetic resonance imaging showed extensive vegetations
involving both right and left ventricles and atria, with an ejection fraction
of 28%. The patient was admitted to intensive care, started on liposomal
amphotericin B, meropenem and vancomycin, and underwent debulking
of the intracardiac masses on post admission day (PAD) 1. Operative
findings showed severe constrictive pericarditis with multiple abscesses
and intracardiac vegetations. Thorough debridement of the vegetations
was undertaken, however some deep seated abscesses in the myocardium
were not amenable. Operative cultures were positive for Aspergillus
fumigatus. Clinical status remained precarious, with ongoing requirement
for inotropic and ventilator support. Antimicrobial therapy was refined to
voriconazole, with amphotericin B remaining on board until therapeutic
levels of voriconazole were achieved.
As effective neutrophils are integral in the immune response against
Aspergillus, the decision was made to start granulocyte transfusions to
aid in clinical stabilization prior to HSCT. Interferon gamma infusions
were not administered because of the risks of adverse effects and poten-
tially increasing transplant rejection.
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GTs were started on PAD 6, at a dose of approximately 1X10^10
granulocytes, three times a week. The patient tolerated the infusions well,
with no allergic or inflammatory response. Neutrophil oxidative burst mea-
sured one hour post infusion showed 23.9% mean fluorescent intensity,
compared to a baseline of 0% (Figure 1). Clinical improvement was seen,
with inotrope cessation on PAD 12 and extubation to BiPaP on PAD 41.
Human leukocyte Antigen (HLA) allosensitizaton was tested on PAD 12,
6 days after the first GT, with no evidence of HLA antibodies. A total of
28 GTs were given over 3 months, prior to proceeding to a 10/10 HLA
matched related donor transplant (PAD 69), with two transfusions given

before neutrophil engraftment (ANC500) onDay +14. The patient is now
stable 13 months post transplant, with no evidence of graft rejection. He
remains on chronic suppressive antifungal therapy, to continue until full
lymphoid reconstitution.
Conclusion: GT may be a useful adjunct to antifungal therapy in patients
with impaired neutrophil function with severe invasive aspergillosis, and
potentially provide a life sustaining bridge to HSCT.
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Introduction: Transplantation of cultured thymus tissue (RVT-802) is an
investigational therapy that has led to generation of naive T cells in 61/86
(71%) of subjects with complete DiGeorge anomaly (cDGA). Two chil-
drenwith cDGA and one with a FOXN1mutationwere treated with RVT-
802 after prior failed hematopoietic transplants.
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Methods: Subjects were enrolled in IRB protocol 00051692 for RVT-802.
RVT-802 was implanted into the quadriceps with immunosuppression.
Results: Subject 1 was normal at 22q11.2 but had hypocalcemia, an ASD,
PDA, and abnormal ears. The subject received a cord blood transplant
mismatched at HLA-B and HLA-C alleles at age 3 months. Subsequently
mild graft-versus-host disease (GVHD) developed and was treated with
antithymocyte globulin, steroids and cyclosporine. Donor T cells devel-
oped in low numbers. Twelve years later, the subject developed Epstein
Barr virus lymphoma and suffered two relapses. While in remission,
subject 1 received unmatched RVT-802. Two weeks after RVT-802 im-
plantation, the subject developed an adenovirus infection resulting in skin
and gut GVHD, presumably from activation of the cord blood T cells.
Subject 1 was treated with corticosteroids, cyclosporine, cidofovir and
infliximab. Four years post RVT-802, subject 1 is healthy with 609 ge-
netically recipient T cells/mm3 and 40% naïve CD4 T cells.
Subject 2 was normal at 22q11.2 but had an ASD, PDA, hypoparathyroid-
ism, and no T cells at birth. His genetic defect is unknown. Subject 2 was
treated with a RIC myeloablative, allogenic, unrelated, 10/10 cord blood
transplant, and a subsequent myeloablative, unrelated 9/10 cord blood
transplant. Hematopoietic chimerism was established without T cell devel-
opment. RVT-802 expressed the one allele in the recipient that was not
expressed by the second cord donor. The post-thymic transplant course
included immune thrombocytopenia requiring rituximab and splenectomy
and generalized adenopathy for 3 years but no GVHD. He failed weaning
of immunoglobulin replacement. Three years post RVT-802, he has 930
CD3, 750 CD4, and 105 CD8 T cells/mm3. He is active in school.
Subject 3 had absent TRECs on newborn screening with 7 CD3+ T cells/
mm.3 A single mutation in FOXN1 was identified; she has sparse scalp
hair. Subject 3 received a 9/10 matched unrelated umbilical cord transplant.
The post-transplant course was complicated by significant morbidity, and
no naïve T cell development. RVT-802 expressed the one allele in the
recipient that was not in the cord blood donor. The subject did not develop
GVHD, is healthy and at 9 months has 98 naïve CD4+ T cells. She had
resolution of longstanding norovirus and sapovirus gastroenteritis.
Conclusion: RVT-802 can improve T cell immunity after poor or failed
correction with allogeneic hematopoietic transplants. In subject 1, GVHD
post RVT-802 was related to an acute viral infection; cord Tcells attacked
HLA mismatches in the recipient. Subjects 2 and 3 were given RVT-802
matched to recipient alleles that were not expressed in the hematopoietic
donor.We hypothesize that thymocytes developing in RVT-802, if strong-
ly reactive to the recipient-mismatched allele, are deleted by the bone-
marrow-donor dendritic cells (that acquire recipient MHC from the
recipient-allele-matched thymic epithelial cells) thereby preventing
GVHD.
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Rationale: CTLA4 haploinsufficiency is an autosomal dominant immune
dysregulation syndrome characterized by variable phenotypes. Here we
present a young woman diagnosed with Evans Syndrome and lympho-
proliferation as a child, found to have a novel CTLA4 variant as a young
adult, and who developed hypogammaglobulinemia and a bacterial en-
docarditis while stabilized on CTLA-4 replacement therapy.

Methods: Sequencing of 207 genes, including CTLA4, in Primary
Immunodeficiency Panel.
Results: Our patient was diagnosed with Evans Syndrome at age 2 with
manifestations of anemia and thrombocytopenia recalcitrant to treatment
over many years with steroids, cyclosporine, and vincristine. Bone mar-
row biopsy reportedly showed normal trilineage maturation and her
symptoms responded for a short time to splenectomy at age 14.
Symptoms recurred at age 16 when she was also found to have pulmo-
nary reticular opacities, prominent lymph nodes, and elevated B cells.
Repeat bone marrow and lymph node biopsies at that time were
unrevealing. Minor responses to treatment with IVIg, rituximab, myco-
phenolate mofetil and GCSF were noted. At age 17, she developed
varicella-related encephalitis shortly after vaccination. With a strong sus-
picion of an immune dysregulation syndrome, immune evaluation re-
vealed normal immunoglobulins with good vaccine responses, elevated
B cell numbers, normal Tcell numbers, and normal mitogen proliferation.
CTLA4 sequencing revealed a mutation in exon 2 [c.420C>A,
p.Tyr140*] causing a premature translational stop signal, which was con-
sistent with previously reported cases of CTLA4 haploinsufficiency. She
was started on rapamycin initially for her cytopenias but was then
transitioned successfully to abatacept with almost complete resolution
of her anemia, neutropenia, and pulmonary opacities. After 6 months of
stable control, she developed a precipitous drop in her platelets and was
eventually diagnosed with Streptococcus viridans endocarditis of her na-
tive mitral valve. This responded to antimicrobial therapy, but eventually
needed surgical intervention due to ongoing insufficiency. Around this
time, she was also found to be newly hypogammaglobulinemic, necessi-
tating ongoing IgG supplementation therapy. During successful replace-
ment of her mitral valve with a biosynthetic prosthesis, it was noted that
her aortic valve also had evidence of previous disease, implicating a prior
endocarditis as part of her clinical syndrome as well.
Conclusions: In this patient, the presentation of recalcitrant cytopenias,
lymphadenopathy, elevated B cells, vaccine-induced viral infections and
lung findings precipitated concern for immune dysregulation syndromes
and allowed for identification of a novel deleterious CTLA4 mutation. In
addition to previously reported clinical findings, our patient presents with
the first reported case of repeated endocarditis in the setting of CTLA4
insufficiency disease. Given the finding in this patient of prior
(unrecognized) disease, regularly screening patients with CTLA4 insuf-
ficiency for evidence of cardiac affectation may be prudent.
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Background: The relationship between elevated serum alpha fetoprotein
(AFP) concentration and age, mortality, genotype and neurologic out-
come in Ataxia Telangiectasia (A-T) patients has remained inconclusive
over the past decades, leaving AFP as a useful marker for disease diag-
nosis without further clinical significance.
Objective: To examine the relationship between AFP levels and age,
mortality, genotype and neurologic outcome using a data set larger than
any prior study.
Methods: We retrospectively collected data on 280 A-T patients at Johns
Hopkins Medical Center (0- 34 years of age) with both classical (predict-
ed protein null) and variant A-T. This included 459 serum AFP
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measurements (179 serial levels in 50 A-T patients, max observations 9
per patient). Mixed model compound symmetry covariance was used for
statistical analysis to examine the effect of age at visit on AFP levels.
Subgroup analysis by mutation type, mortality, feeding/swallowing
scores as a surrogate for neurologic function, x-ray induced in vitro chro-
mosomal breakage and serum transaminase levels were similarly
analyzed.
Results: Significant association between age and AFP level was found
such that for every 1 year increase in age, AFP level increases 20 ng/mL
(p<0.0001). Subgroup analysis by mutation type found that the 12 pa-
tients with missense mutations showed a negative linear relationship be-

tween log AFP levels and age (r= -0.10, p=0.03). We found greater AFP
levels in patients who subsequently died, after controlling for age (least
square mean AFP level in log scale 0.67 greater in deceased patients
versus living patients, p=0.002). We found a significant decline in feeding
score by 0.18 units (score range 0-5) per 100 ng/mL AFP increase
(p=0.05) after adjusting for age. There was no significant relationship
between AFP levels and serum transaminase levels.
Conclusion: AFP increases with age in A-T patients, though this may not
apply to patients with missense mutations. There is a statistically signif-
icant increase in mortality and worsened swallowing scores with increas-
ing AFP levels, but this remains to be proven clinically significant.
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Introduction: Hereditary Angioedema (HAE) is a chronic illness charac-
terized by recurrent attacks of angioedema and results in frequent
Emergency Department (ED) visits per year. Here we present a pediatric
HAE patient who had recurrent abdominal attacks in which constipation,
secondary to the ADHD medication dexmethylphenidate (Focalin), ap-
pears to be a trigger. Of importance, this is the first pediatric patient with

HAE to be described as having safely undergone a capsule endoscopy for
direct visualization of the gastrointestinal tract. This was done to decrease
the risks associated with the more invasive procedure of traditional en-
doscopy and colonoscopy.
Case Presentation: The patient was an 8-year-old male with Hereditary
Angioedema who presented with 1 day history of diffuse abdominal pain
and nausea. In the ED, patient was in no acute distress. Abdominal ultra-
sound showed severe circumferential thickening of the wall of multiple
bowel loops and a large amount of simple ascites. X-ray revealed stool in
the colon. He was admitted for pain control and hydration.
In the next year, he visited the ED five more times for exacerbations of
angioedema of his hand, penis, and bowel. Each time, he presented he had
underlying abdominal pain and constipation. He was seen by
Gastroenterology and had a workup that was negative for helicobacter
pylori, parasites, and other gastrointestinal infections. To further evaluate
his abdominal pain, capsule endoscopy was performed and well tolerated.
During an admission in January 2016 he received a full inpatient bowel
cleanout, after which, his angioedema finally improved. Of note, he was
diagnosed with ADHD and started on dexmethylphenidate (Focalin) just
prior to this period of recurrent angioedema attacks, and he did not have
attacks during the summer months when he was off the medication.
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Discussion: Abdominal pain is a common complaint in pediatric
hospitals, and further workup consists of endoscopy and colonos-
copy. This may be easily accomplished in the general population,
however, in patients with HAE, these procedures carry greater
risk and may be avoided, leading to delayed diagnosis and treat-
ment (2,4). A newer and less commonly used alternative for di-
rect visualization of the gastrointestinal tract is capsule endoscopy.
Some benefits are that it does not require sedation, is less inva-
sive, and is less likely to be irritating to the mucosa (3).
Additionally, since psychological stress may be a trigger for an-
gioedema attacks, the decreased stress associated with a noninva-
sive procedure such as capsule endoscopy, makes it safer to use
(1). Limitations of capsule endoscopy include dependence on bat-
tery life and its inability to biopsy or administer therapy if needed
(3).
Hereditary Angioedema treatment consists primarily of avoiding
triggers and managing acute episodes. In this first case of HAE
in a pediatric patient where capsule endoscopy was used, the
procedure was well tolerated without any complications.
Recognizing constipation as a trigger and capsule endoscopy as
a safe method of direct visualization of the gastrointestinal tract
will help others to control and decrease the severity of their HAE
attacks as well.
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A 45 year old male with past medical history of common variable
immune deficiency (CVID) and related autoimmune complications,
including granulomatous-lymphocytic interstitial lung disease
(GLILD), hepatosplenomegaly, leukopenia, and thrombocytopenia
tolerated monthly subcutaneous immunoglobulin replacement as out-
patient for several years with infrequent infectious complications. Four
months ago, he was found to have elevated liver enzymes on routine
chemistry. A liver biopsy two months later showed pathology consis-
tent with nodular regenerative hyperplasia (NRH) without overt cir-
rhosis. A hepatic venous pressure gradient (HVPG) of 21 mmHg was
found, consistent with portal hypertension. His hepatitis viral markers
were negative, he did not drink, and portal venogram was negative for
thrombosis. In early October, the patient was admitted to the hospital
with anasarca and tense ascites. He underwent a diagnostic and thera-
peutic large volume paracentesis and was also found to have sponta-
neous bacterial peritonitis (SBP) and bacteremia with Group B
streptococcus.
The patients course was complicated by polymicrobial peritonitis,
VRE bacteremia, fungemia, variceal hemorrhage, hepatic encephalop-
athy, and hepatorenal syndrome. His hepatic complications from portal
hypertension were out of proportion to his liver parenchymal disease.
Transjugular intrahepatic portosystemic shunt (TIPS) was considered
to alleviate portal hypertension but was not feasible due to his degree of
encephalopathy. Immunosuppressants such as high dose steroids were
given while in the hospital with plans to start rituximab to treat patients
GLILD after he had recovered from the acute infect ions.
Unfortunately, after two months in the hospital, the patient succumbed
to sepsis and progressive liver failure.
This case emphasizes the importance of systematic screening and con-
tinued vigilance for hepatic complications in patients of CVID as
studies have shown that NRH of the liver is present in more than
80% of CVID patients who undergo a liver biopsy (PMID:
23219764). A cross-sectional study of patients with primary
hypogammaglobulinemia and hepatic dysfunction found that histo-
logical findings of NRH were present in 84% of CVID patients and
was associated with portal hypertension in 75% of cases (PMID:
17998147). Another study estimated the minimal prevalence of
NRH in CVID patients as 12% (PMID: 18647320), stating that this
was likely a gross underestimate as NRH may also be present in pa-
tients with normal liver function tests that are not routinely biopsied.
Therefore, liver enzyme levels may not anticipate the severity of liver
involvement. There is currently no treatment for CVID-related liver
disease. Other causes of non-cirrhotic portal hypertension, including
hepatic veno-occlusive disease and Budd-Chiari Syndrome should be
ruled out or treated in CVID patients presenting with hepatic disease.
In the case of hepatic NRH in CVID patients, early detection could
lead to earlier interventions (such as TIPS prior to hepatic encepha-
lopathy), to mitigate complications.
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Wedescribe the application of epigenetic quantification of T regulatory (Treg)
cells in addition to CD3+, CD4+, CD8+Tcells, B cells, NK cells, monocytes
and neutrophils from as little as 50 μl of fresh, frozen or dried blood. The
method yields identical results to flow cytometry from fresh blood samples of
a healthy donor cohort, with the advantage of being more sensitive and
precise with limited amount of blood and minimal sample preparation (Sci
Transl Med 2018). We have used this method 1) to immunophenotype pa-
tients with early onset immune regulatory disorders (PIRD) and primary
immune deficiency (PID), and 2) to evaluate cell subsets reconstitution early
after hematopoietic stem cell transplantation (HSCT).
Patients with Immune Dysregulation, Polyendocrinopathy, Enteropathy,
X-Linked (IPEX) and IPEX-like PIRD were evaluated by analyzing the
Treg-Specific Demethylated Region (TSDR) of the FOXP3 locus in the
total of CD3+ T-cells. Despite the dysfunctional FOXP3 mutated protein,
IPEX patients exhibited elevated Treg/CD3+ cell ratios which seemed to
correlate with disease severity. In contrast, most of the patients with
IPEX-like symptoms without FOXP3 mutations exhibited decreased
Treg/CD3+ cell ratios - in line with the possible central pathogenic role
of Treg function and number in PIRD.
Using epigenetic quantification of CD3+/B- and NK cells, 23 out of 24
confirmed SCID and XLA cases were correctly identified within a cohort
of 250 newborn dried blood spot (DBS) samples (96% sensitivity, 100%
specificity). The method identified one delayed onset SCID as well as a
XLA case that were missed by combined TREC/KREC testing. Epigenetic
immune cell quantification missed one SCID case with maternal engraft-
ment that was identified by combined TREC/KREC testing. Abnormally
elevated Treg/CD3+ ratio was also detected in a DBS from a newborn who
was subsequently confirmed to be affected with IPEX Syndrome.
When applied to serial blood samples during engraftment and reconstitu-
tion post-HSCT, the epigenetic method allowed identification of the

different blood cell subsets, including Treg cells, at earlier time points
than flow cytometry according to current clinical practice. This opens the
way to a better understanding of the correlation between early immune
reconstitution events and Graft vs. Host Disease or viral reactivation,
earlier than with the current methods, in different types of HSCT.
These studies underscore the suitability of epigenetic immune cell quan-
tification for accurately measuring multiple immune cell types from lim-
ited blood sample sources. We propose this method as uniquely suitable
for novel molecular diagnostic applications in settings with limited fresh
blood sample or limited cell number, at the point of care as well as for
newborn screening.
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We evaluated a 5-year-old male with hyperpyrexia, hypertrichosis, coni-
cal hypodontia, and a history of illnesses concerning for NEMO-
deficiency syndrome. Starting at six months of age, he suffered recurrent
episodes of acute otitis media (non-typeable Hib and Actinobacter
Iwolffli), pneumonia, and RSV bronchiolitis. Whole exome sequencing
demonstrated a de novo heterozygous c.1259G>A (p.R420Q)mutation in
the EDA-receptor (EDAR) gene not present in the parental DNA. His
physical exam findings and mutation were consistent with hypohidrotic
ectodermal dysplasia (HED), a rare genetic condition characterized by
abnormal development of skin, teeth, hair, and sweat glands. HED is
caused by defects in the ectodysplasin-A (EDA)-NFkB signaling path-
way but is not typically associated with immune deficiency. Consistent
with this, immunophenotyping showed normal sub-populations of T-, B-,
and NK-cells. Immunoglobulin and complement levels were quan-
titatively appropriate. He had normal mitogen-induced lymphocyte
proliferation and normal antibody response to pneumococcal vacci-
nation. NK-cell studies demonstrated robust cytotoxicity. However,
nasal mucosa biopsy showed diffuse squamous metaplasia and the
absence of ciliated epithelial cells. We hypothesize that recurrent
infections in our patient arose from impaired mucociliary clearance
due to a ciliary defect. This case raises the possible association
between EDAR variants and ciliary dysfunction. It also underscores
the importance of evaluating the immune status of HED patients
with recurrent infections which could mimic NEMO-deficiency
and have broad implications about clinical management.
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The rapid pace of new gene discovery and phenotype expansion for
Primary Immunodeficiency Diseases (PIDDs) creates challenges for ge-
netic testing and variant interpretation. Whereas well-described clinical
case reports in published literature have traditionally served as the source
of phenotypic data used for variant interpretation, for PIDDs the causal
variants are often private to the patients family and thus the sole source of
phenotypic information for a novel genetic variant is frequently the his-
tory provided by the clinician on the test requisition form. Taking into
account such heterogeneous information during variant interpretation re-
quires establishing objective criteria for its inclusion as part of the variant
interpretation process. To this end, we adapted our laboratorys pre-
existing, evidence-based variant classification framework, called
Sherloc, by developing point-based criteria for the inclusion of clinical
information such as a patients phenotype, familial segregation patterns,
and whether the variant is inherited or de novo in the patient. As part of
this process, we defined clinical criteria for 154 PIDD genes. Here, we
illustrate the application of this method and the importance of integrating
clinical information into variant interpretation.
Between April 2017 and October 2018, our commercial diagnostic labo-
ratory performed 4057 immunological genetic tests, and information
about the patients clinical history was provided in 2849 (70%) of these
orders. Restricting our analysis to just the 154 genes for which case report
information is currently used in variant interpretation, these tests revealed
3868 variants, 370 (10%) of which were classified as pathogenic or likely
pathogenic (P/LP). Information from case report descriptions, segregation
patterns, and de novo status were applied for 32%,15% and 4% of P/LP
variants, respectively. In 37 (10%) cases, the clinical information provid-
ed by the clinician on the test requisition formwas used as evidence in the
classification of the patients variant as P/LP. Ten variants were initially
classified as being of uncertain significance and reclassified following
receipt of further clinical information or testing of additional relatives.
In addition, 35 suspicious variants of uncertain significance were identi-
fied in which one or two additional patient case reports would allow for
reclassification from uncertain significance to P/LP. These data illustrate
the importance of providing good quality clinical information to the ge-
netic testing laboratory both at the time of sample submission and follow-
ing the receipt of genetic test results.
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Background: Cartilage-hair hypoplasia (CHH) is a skeletal dysplasia with
combined immunodeficiency, variable clinical course and increased risk
of malignancy, mostly non-Hodgkin lymphoma and basal cell carcinoma.
There is a paucity of long-term follow-up data, as well as knowledge on
prognostic factors in CHH.
Objective: We conducted a prospective cohort study in Finnish patients
with CHH to describe clinical course and analyze risk factors for adverse
outcomes.

Methods: We recruited 80 Finnish patients with CHH in 1985-1991 and
performed clinical follow-up in 2011-2015.We obtained health information
from Finnish National Medical Databases (covering time period of 1969-
2016), the Finnish Cancer Registry (1953-2016) and the Cause-of-Death
Registry of the Statistics Finland (1971-2016) and analyzed all patients’
health records. Standardized mortality ratios (SMRs) were calculated based
on the population data. Primary outcomes included immunodeficiency-
related death (from infections, respiratory diseases or malignancies), the
development of lymphoma and the development of skin cancer.
Results: The study cohort included 35 males and 45 females. Median age at
recruitment was 14.6 yrs (range 2 weeks – 49.6 yrs) and median duration of
follow-up for the surviving patients was 29.2 yrs (range 25.6 – 31.0 yrs).
Half of the patients (46/80, 57%) had no symptoms of immunodeficiency,
while 15 (19%) and 19 (24%) patients manifested symptoms of humoral or
combined immunodeficiency respectively, including six cases of late-onset
immunodeficiency. In a significant proportion of patients (17/79, 22%),
clinical features of immunodeficiency progressed over time. Of the 15 pa-
tients with non-skin cancer, eight had no preceding symptoms of immuno-
deficiency. Altogether 20 patients had deceased (SMR=7.0, 95% confidence
interval (CI)=4.3-11) including deaths due to pneumonia (n=4), malignancy
(n=7, SMR=10, 95%CI=4.1-21) and lung disease (n=4, SMR=46,
95%CI=9.5-130). Malignancy was diagnosed in 21/80 (31%) patients,
mostly lymphoma (n=9) and skin cancer (n=15). Severe short stature at birth
(compared to normal, SMR/SMR ratio=5.4, 95%CI=1.5-20), symptoms of
combined immunodeficiency (compared to asymptomatic, SMR=19
(95%CI=8.0-36) vs SMR=4.8 (95%CI=2.3-8.9), Hirschsprung disease
(odds ratio (OR) 7.2, 95%CI=1.04-55), pneumonia in the first year of life
or recurrently in adulthood (OR=7.6/19, 95%CI=1.3-43/2.6-140), and auto-
immunity (OR=39, 95%CI=3.5-430) in adulthood associated with early
mortality. In addition, recurrent pneumonia in childhoodwas associatedwith
the development of lymphoma, while warts and actinic keratosis were as-
sociated with the development of skin cancer. Birth length standard devia-
tion score correlated significantly with the age at the diagnosis of first ma-
lignancy (p=0.0029), lymphoma (p=0.011) and skin cancer (p=0.014), dem-
onstrating that patients with shorter birth length developed malignancies at
an earlier age.
Conclusions: Patients with CHH have high mortality due to infections
and malignancies, but also from lung disease. Some subjects present with
late-onset immunodeficiency or malignancy without preceding symp-
toms of immune defect, warranting careful follow-up and screening for
cancer even in asymptomatic patients. We provide clinicians with the risk
factors for adverse outcomes to assist in management decisions.
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Autoimmune Lymphoproliferative Syndromes (ALPS and related disor-
ders) are characterized by insufficient apoptosis due to defects in the FAS
apoptosis pathway. FADD deficiency (OMIM 602457) is an autosomal
recessive disorder resulting from a mutation in FAS-associated protein
with death domain (FADD), the adaptor protein involved in Fas signaling
to Caspases 8 and 10.We present a case of FADD deficiency identified by
whole exome sequencing with a novel genetic mutation
We describe two brothers with recurrent febrile episodes accompanied by
seizures and respiratory compromise. The older sibling initially presented
with status epilepticus following theMeaslesMumps Rubella vaccination
later experiencing similar episodes until his demise at 18 months of age.
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The younger sibling, who is unvaccinated, presented at 14 months with
fever, rash, vomiting, and diarrhea. He developed status epilepticus with
respiratory depression that required intubation. He also had enlarged cer-
vical lymph nodes that regressed with antibiotics and steroids. He recov-
ered from that episode but subsequently had a series of similar illnesses
with fevers, altered mental status and seizures. With the exception of
elevated HHV6 IgG, extensive infectious workup up in all instances
was negative.
Previously described FADD deficiency patients demonstrate an ALPS
like phenotype with increased circulating double negative T cells, lym-
phocyte apoptosis defects, elevated Fas ligand and IL10, encephalopathy,
functional asplenism but no splenomegaly or lymphadenopathy. Our pa-
tients clinical and laboratory findings were similar. He had normal IgG
and IgA, decreased IgM, and lack of isohemagglutinins. Absolute CD3+
count is elevated, with elevated percent of CD3+ TCR+ CD4- CD8-.
Normal mitogen and antigen T lymphocyte stimulation, but with defect
in pokeweed induced B cell proliferation. Fas ligand and IL10 level are
increased (See Table 1). No hepatosplenomegaly, but Howell Jolly bodies
were detected in peripheral blood indicating functional hyposplenism.
Whole-exome sequencing revealed two different genetic alterations in the
FADD gene: a maternally inherited nonsense mutation predicted to se-
verely truncate the protein and a paternally inherited missense mutation in
codon 105. Although this paternal mutation has not been described as
pathogenic, a different variant in same nucleotide of FADD has been
associated with FADD deficiency (Reference1).
There are very few cases in the literature of FADD deficiency patients
and the overall prognosis is poor compared to classical ALPS patients,
as these patients are at significant risk of deadly sepsis from encapsu-
lated organisms or death from neurologic complications. Of the FADD
deficiency patients described in the literature, several died prior to 5
years old. While pneumococcal prophylaxis may reduce the risk of
sepsis, hematopoietic stem cell transplant has been reported for pa-
tients with FADD deficiency (Reference2), and is being considered for
our patient.
References:
1. Bolze A et al. Whole-exome-sequencing-based discovery of Human
FADD Deficiency. Am J Hum Genet. 2010
2. Savic S, et al. A new case of Fas-associated death domain protein
deficiency and update on treatment outcomes. JACI. 2015.
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Rationale: HCUVP is a patient product-introduction program that pro-
vides Cuvitru® (immune globulin subcutaneous [human], 20% solution
[Ig20Gly]) free of charge for the first 4 infusions to eligible patients with
primary immunodeficiency disease (PID). Using patient data from this
ongoing program, our analysis described the clinical characteristics and
infusion parameters of pediatric and adolescent patients who were initi-
ated on Ig20Gly through HCUVP.
Methods: HCUVP eligibility criteria were: patients aged 2 years old,
with a primary ICD-10-CM code verifying diagnosis of PID, and no
current or prior use of Ig20Gly at program initiation. Data from
patients who received the first Ig20Gly infusion between January
1, 2017, and September 1, 2017 were included. Data from patients
receiving infusions after October 31, 2017 were censored.
Descriptive statistics were calculated for patients demographic and
clinical characteristics and prescribed and actual infusion character-
istics by age group (<18 years and 18 years).
Results: In total, 817 patients who completed all 4 infusions were includ-
ed in the analysis, of whom 97 were aged <18 years. Among those who
previously received immunoglobulin (IG) therapy, a greater percentage of
patients aged <18 years were treated with intravenous IG therapy (n=46;
73%) compared with adult patients (n=222; 62%) before initiating
Ig20Gly. Nine patients aged <18 years were treatment naïve. The mean
infusion volume per site was lower among patients aged <18 years (25
years: 17.9 mL; 611 years: 26.4 mL; and 1217 years: 34.6 mL) than
among patients aged 18 years (1864 years: 38.5 mL and 65 years: 38.9
mL). However, the mean infusion rate per site was similar between pa-
tients aged <18 years (25 years: 45.9 mL/h; 611 years: 47.3 mL/h; and
1217 years: 40.7 mL/h) and patients aged 18 years (1864 years: 43.3 mL/
h and 65 years: 44.0 mL/h). In addition, by the final infusion, fewer
patients aged <18 years were infused weekly (n=18 [19%] patients) com-
pared with patients aged 18 years (n=232 [32%] patients). Conversely, a
greater percentage of patients aged <18 years were infused biweekly
(n=35 [36%] patients) compared with patients 18 years (n=168 [23%]
patients).
Conclusion: The results provide insights into the clinical and infusion char-
acteristics of pediatric and adolescent patients who have received Ig20Gly
and clinical use of Ig20Gly outside of a controlled clinical trial setting.
Funding: This research was sponsored by Shire.

6 years old Reference Range

Total Lymphocytes (cells/μl) 8740 1500-7000

CD3+ (T cells) absolute 5947 1253-2216

CD16+CD56+ (NK cells) absolute Not done

CD19+ (B cells) absolute 2186 214-624

Phenotype of CD3+
(% T cells)
TCR αβ+ T cells 64% 59-81%

TCRαβ+
CD4-CD8-

4.7% 0.3-1.7%

TCR γδ+ T cells 3.6% 1.2-12.7%

TCR γδ+
CD4-CD8-

2.5% 0.7-7.3%

HLADR+ activated T cells 14% 3-25%

Phenotype of B cells

Total B cells CD19+ 25% 8-22%

CD5+ 29% 6-33%

CD27+ B cells 6% 11-51%

Serum immunoglobulins (g/L)

IgG 1,068 397-1,652

IgA 204 50-240

(continued)

IgM 27 (low) 40-140
Isohemmaglutins (Blood type A+)
A1 <1:2 <1:2
A2 <1:2 <1:2
B <1:2 <1:2
Other studies
IL10 level 9 pg/ml <=6 pg/ml
Soluble FasL 758 70-308
Vitamin B12 level 1415 254-1060
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XMEN disease (X-linked Immunodeficency with Magnesium de-
fect, Epstein-Barr virus infection and Neoplasia) is a primary im-
mune deficiency caused by mutations in MAGT1 and characterized
by chronic infection with Epstein-Barr virus (EBV), EBV-driven
lymphoma, CD4 T-cell lymphopenia, and dysgammaglobulinemia.
MAGT1 gene codifies to MagT1 protein, a Mg2+- selective trans-
porter, expressed in the human immune system, specifically in the
spleen and the thymus. Functional studies have established the key
role of MAGT1 in T cells and natural killer (NK) cell activation.
Upon CD4+ T-cell receptor stimulation, MAGT1 mediates a tran-
sient Mg2+ influx that is necessary for phospholipase C gamma 1
(PLCy1) activation, which drives Ca2+ rise and downstream signal-
ing. This Mg2+ influx also regulates cytotoxic functions of NK and
CD8 T cells through NKGD2, reason why these patients have im-
paired cytolytic responses against EBV. Eleven male XMEN pa-
tients have been described. We present the case of a 1-year old
Hispanic infant with a pathogenic variant in MAGT1 gene that clin-
ically manifested with early Pneumocystis jirovecii and cytomega-
lovirus (CMV) interstitial pneumonia, and EBV chronic infection
with good response to intravenous immunoglobulins supplementa-
tion without hematopoietic stem cell transplantation or gene therapy.
Laboratory study highlights low levels of NKG2D ligands. The
objective of this case report is to broaden the spectrum of clinical
presentation of XMEN disease, that manifests initially as a
Combined Immune Deficiency (CID) and evolved with a favorable
course of the disease with intravenous immunoglobulins supplemen-
tation therapy and chemoprophylaxis with trimethoprim-sulfameth-
oxazole.
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Introduction: Lysinuric protein intolerance (LPI) is a recessively
inherited disorder of the cationic amino acids transporter subunit
y+LAT1 caused by variants in the SLC7A7 gene. The disease is
characterized by protein-rich food intolerance has a heterogeneous
presentation. The clinical findings are a result of depletion of lysine,
ornithine, and arginine. Symptoms can include hyperammonemia,
failure to thrive, protein aversion, neurologic disease, and lung dis-
ease. There is also evidence that inflammatory manifestations are
mediated through upregulation of NFB, IL1, and TNF that occur
independent of intracellular arginine levels and can lead to life-
threatening episodes of hemophagocytic lymphohistiocytosis
(HLH).
Case Presentation: A 17-year-old male presented with history of anxiety,
depression, eating disorder, delayed puberty and complex partial seizures.
Due to poor nutrition and failure to thrive, a gastrostomy tube was placed.
Following commencement of enteral feeds, he presented with altered
mental status, bilateral mydriasis, hyperreflexia, and agitation which lead
to a PICU admission. Ammonia peaked as high as 181 μmol/L and
episodes ceased with cessation of enteral feedings. Prior to enteral feeds,
he had been self-restricting protein in his diet. Biochemical testing was
consistent with LPI and Illumina next-generation sequencing revealed
compound heterozygous variants in SLC7A7 (p.S396Lfs*122 and
p.E465Dfs*54). Hyperammonemia resolved quickly with cessation of
protein intake and high rate dextrose infusion without the need for am-
monia scavenging agents. He was subsequently started on protein-
restricted enteral feeds.
At diagnosis he did not have any respiratory symptoms, CT scan of chest
showed patchy areas of groundglass opacification that was suggestive of
early pulmonary alveolar proteinosis (PAP). Bronchoalveolar lavage
demonstrated foamy, cloudy pink fluid and elevated bronchioalveolar
macrophages on cell differential.
His clinical course and SLC7A7 genotype led to suspicion for smoldering
HLH. The findings of elevated ferritin, hypertriglyceridemia, decreased
fibrinogen, splenomegaly, elevated IL-2 receptor, decreased NK cell func-
tion, along with hemophagocytosis on bone marrow biopsy confirmed the
diagnosis. Because of his PAP and HLH, in addition to dietary modifica-
tions, a trial of IL-1 beta inhibition (anakinra) at 3 mg/kg/day was initiated.
Follow up CT scan of chest 2 months after initiation of anakinra showed
complete resolution of pulmonary groundglass opacifications and PAP.
Bone marrow evaluation showed continued hemophagocytosis in spite of
the normalization in ferritin, soluble IL-2 receptor, NK function, and
triglycerides levels. Overall, he is significantly improved on daily
anakinra and no longer meets criteria for HLH or PAP.
Discussion: Recent data has shown in y+LAT1 models that THP-1
macrophages and A549 airway epithelial cells upregulate IL1 and
TNF regardless of intracellular arginine content. This suggests that
inflammatory manifestations may continue independent of dietary
modifications. We present a 17 year old patient with newly diag-
nosed LPI who was treated dietary modification and anti-IL1 ther-
apy resulting in resolution of HLH and PAP. More research is need-
ed to see if long-term IL1 blockade that can consistently control
both the immunologic and pulmonary manifestations of LPI and
positively impact morbidity and mortality.
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Learning Objective: Recognize that symptoms of Bartonella endocarditis
and associated complications can share features of certain
immunocompromising conditions.
Case Description: An 8-year-old Caucasian boy with history of repaired
pulmonary atresia and aortic root dilation was diagnosed with pancyto-
penia and splenomegaly during a brief hospitalization for atypical pneu-
monia. Pancytopenia persisted, splenomegaly worsened, and five months
after presentation, he developed hypertension and renal insufficiency. He
was diagnosed with hypocomplementemic, diffuse sclerosing and

crescentic glomerulonephritis and was started on mycophenolate mofetil
with improvement in kidney function and stabilization of cytopenias. As
part of a comprehensive immune work-up, ALPS (autoimmune lympho-
proliferative syndrome) panel was sent and demonstrated elevated
double-negative T (DNT) cells with 3 out of 4 positive immunologic
criteria for ALPS. Neither targeted sequencing for ALPS and ALPS-
like disorders nor whole exome sequencing revealed pathogenic
mutations.
By age 10, the patient remained on mycophenolate, but developed failure
to thrive, with weight dropping from 37th percentile to less than 3rd per-
centile. He was hospitalized again for low-grade fever, increased work of
breathing, left shoulder pain and fatigue and was found to have right lower
lobe pneumonia. Pancytopenia worsened, and he was started on cefepime
and azithromycin without improvement in symptoms. Echocardiogram
revealed vegetations in his pulmonary conduit and bilateral branch pulmo-
nary arteries, but multiple blood cultures were negative. Upon further his-
tory, the patient reported contact with kittens. Bartonella henselae titers and
polymerase chain reaction (PCR) from blood were sent and were both
positive. He completed a 2-week course of gentamicin, 1-month course
of ceftriaxone, and was transitioned to doxycycline and rifabutin. After
initiating antimicrobial therapy, his weight and energy significantly im-
proved, his blood Bartonella PCR became negative, and his splenomegaly
resolved. Approximately one year later, the patient underwent pulmonary
artery conduit replacement and Bartonella PCR testing of the tissue spec-
imen was positive. He has had sustained weight increase, resolution of
hypocomplementemia and splenomegaly, decrease in DNT cell frequency
from >2% to 0.9%, and improvement though not resolution of cytopenias.
He currently remains on doxycycline and rifabutin and continues treatment
with mycophenolate.
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Discussion: ALPS is characterized by defective lymphocyte apoptosis
and clinical features such as lymphadenopathy, splenomegaly, hepato-
megaly, cytopenias, and glomerulonephritis. The hallmark laboratory
finding is expansion of DNTs. Our patient met criteria for a probable
ALPS diagnosis based on the presence of both required criteria (chronic
splenomegaly and elevated DNT cells) and secondary additional criteria
(typical immunologic findings noted on ALPS panel). Pediatric cases of
Bartonella henselae endocarditis have been associated with splenomega-
ly, cytopenias, and glomerulonephritis which mimic many features of
monogenic immune dysregulatory disorders. The diagnosis of
Bartonella endocarditis in our patient therefore raises the question of
whether his immunosuppression predisposed him to infection or if his
entire clinical presentation can be explained by Bartonella endocarditis.
Physicians taking care of patients with immune dysregulatory disorders
should consider Bartonella endocarditis in the differential diagnosis of
onset or exacerbations of immune dysregulation.
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Rationale: While fever is considered a sign of infection, many individuals
with primary immunodeficiency (PI) anecdotally report a lower than nor-
mal average body temperature. On ImmuneDeficiency Foundation (IDF)
Friends and IDF PI CONNECTResearch Forum online, PI patients report
a diminished fever response even when other signs of infection are pres-
ent. There is limited knowledge about the average body temperature in
persons with PI. However, the implications of missing an infection in
those with PI is well established.
Methods: Study investigators partnered with patient investigators to de-
sign a prospective cohort study to determine whether body temperature
differed between persons living with and without PI. Three hundred fifty
adults with PI were recruited from IDF and one adult household member
without PI was also recruited. McKesson digital oral thermometers
(Model 01-413BGM) were provided and used to record temperatures in
all participants three times a day for five consecutive days. Descriptive
statistics were calculated. Median body temperatures were compared be-
tween the two cohorts at each time point using Mann-Whitney test.
Results: Data from 254 households were used for analysis (72.6% partic-
ipation rate). The PI population was largely female (85.8%) with a median
age of 49 years and largely Caucasian population (97.6%). The non-PI
population was largely male (66.9%) with a median age of 53 years and
largely Caucasian population (92.9%). PI diagnoses included CVID
(74.8%), hypogammaglobulinemia (12.6%), IgG subclass deficiency
(4.7%), selective IgA deficiency (3.1%), specific antibody deficiency
(3.1%), agammaglobulinemia (0.4%), chronic granulomatous disease
(0.4%), combined immunodeficiency (0.4%), and complement deficiency
(0.4%). A total of 123 individuals with PI (48.4%) reported a lower than
normal non-sick body temperature, while 108 individuals with PI (42.5%)
reported a normal (between 97°F - 99°F) non-sick body temperature. A
total of 172 individuals with PI (67.7%) reported absence of fever with
infection, while 50 individuals (19.7%) reported a normal fever response

with infection. The median body temperature was significantly higher for
the PI patients in the morning, but not evening or bedtime, reading in 4 of
the 5 days (Monday: PI = 97.5°F vs. non-PI = 97.2°F, p = 0.0291; Tuesday:
PI = 97.4°F vs. non-PI = 97.2°F, p = 0.0020; Wednesday: PI = 97.5°F vs.
non-PI = 97.2°F, p = 0.0009; Thursday: PI = 97.4°F vs. non-PI = 97.2°F, p
= 0.0575; Friday: PI = 97.4°F vs. non-PI = 97.2°F, p= 0.0008).
Conclusions: Despite the limitations of this non-clinical study, individuals
with PI are knowledgeable about their conditions and can offer unique
insights and direction to researchers. This study demonstrates that collab-
oration with patient advocacy groups may facilitate patient-centered and
patient-driven research with high participation among the target popula-
tion.
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Introduction: Familial Mediterranean Fever (FMF) is a hereditary condi-
tion characterized by recurrent episodes of painful inflammation caused
by mutations in the pyrin (MEFV) gene. Alterations in the MEFV gene
affect pyrin production leading to recurrent fevers and painful inflamma-
tion in the peritoneum, synovium, and pleura. Amyloidosis may also
develop as a complication. Arabic, Turkish, Armenian, and Sephardic
Jewish populations are most commonly affected. Homozygosity for
MEFV mutations are associated with a more severe course. There is a
paucity of information regarding pediatric FMF in the literature.
Case: We present a case of a 2-year-old male with minor speech delay
diagnosed with compound heterozygous FMF. Patient was initially re-
ferred due to recurrent fevers and infections. At 4 months of age, he was
hospitalized with septic shock requiring intubation secondary to adeno-
virus. At 5 months of age, the patient began to have recurrent fevers every
3 to 4 weeks, leading to multiple blood draws and courses of antibiotics
prior to referral. At 11, 12, and 22 months of age, he developed three
separate episodes of febrile seizures. A total of 10-15 lifetime episodes of
acute otitis media occurred prior to bilateral myringotomy tube place-
ment. Four episodes of Streptococcus pyogenes pharyngitis confirmed
by throat culture preceded tonsillectomy. No oral ulcers, joint pain, or
abdominal pain were reported. No other infections such as pneumonia,
sinusitis, UTI, non-viral gastroenteritis, fungal infections, or skin infec-
tions were reported. Both parents are Ashkenazi Jewish and a maternal
history of early miscarriage was noted. Family history was negative for
immunodeficiency, malignancy, and autoimmunity.
The patients vital signs and physical exam were unremarkable. Serology
indicated leukocytosis of 18.53 K/L with elevated monocytes of 1390
cells/L, elevated eosinophils of 1200 cells/L, and slightly elevated CD8
T cell count of 2653 cells/L. Neutrophil, CD4 T cell, B cell, NK cell
enumeration, and immunoglobulin panel were normal for age. Tetanus,
diphtheria, rubella, Streptococcus pneumoniae, and Haemophilus
influenzae B titers were protective. Genetic analysis identified that the
patient was compound heterozygous for the E148Q and V726 mutations
in the MEFV gene.
Family was instructed to keep a fever diary. Colchicine 0.6mg once a day
was given initially, then increased to 1.2mg once a day for inadequate
response. Loose stools were observed while patient was maintaining a
lactose free diet so he was switched to colchicine 0.6mg BID with
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resolution of loose stools. Apart from two occasions when his colchicine
dose was missed, the patient remained afebrile at his follow up visits.
Conclusion:We present a pediatric case of compound heterozygous FMF
(E148Q and V726 MEFV mutations) in an otherwise healthy 2-year-old
male of Ashkenazi Jewish background, initially symptomatic at 5 months
of age. Individuals who are compound heterozygous for the E148Q and a
second MEVF mutation are generally symptomatic, although severity
cannot be predicted. Additional pediatric research on symptomatic het-
erozygous and compound heterozygous FMF is recommended.
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Natural killer (NK) cells are innate lymphocytes that play a key role in
defense against virally-infected cells and in tumor surveillance. NK
cells can be divided in two subsets. The majority of NK cells in pe-
ripheral blood expressed intermediate levels of CD56 and are referred
to as CD56(dim). These NK cells are responsible for NK cell cytotox-
icity. A minor population of NK cells express very high expression of
CD56 and are referred to as CD56(bright). These NK cells are respon-
sible for cytokine production and are precursors to CD56(dim) NK
cells. A few immunodeficiencies have been described in which there
are abnormal NK cell subsets, such as autosomal dominant GATA2
deficiency where CD56(bright) NK cells are absent and IRF8 where
there is a paucity of CD56(dim) NK cells and relative expansion of
CD56(bright) NK cells.
Here we present a patient with an absence in CD56(bright) NK cells
secondary to CD27 deficiency. Our patient is a 6-year-old African
American female born to non-consanguineous parents. The patients past
medical history is significant for chronic lung disease secondary to pre-
maturity, recurrent acute otitis media, failure to thrive and congenital
hypothyroidism. Family history is significant for an older sister that pre-
sented at age 3 with EBV-associated Hodgkin lymphoma whose treat-
ment was complicated by chronic activated EBV infection and who ulti-
mately underwent hematopoietic stem cell transplantation (HSCT). Our
patient presentedwith pancytopenia, fever, lymphadenopathy and spleno-
megaly. She was found to have EBV viremia with greater than 550,000
copies in whole blood by PCR. She was treated with two doses of ritux-
imab followed by etoposide and dexamethasone as a bridge to HSCT.
Whole exome sequencing demonstrated a homozygous mutation in
CD27. CD27 is a member of the tumor necrosis factor receptor family
and influences the function of T cells, B cells and NK cells. In NK cells,
CD27 is primarily expressed in CD56(bright) NK cells. CD27 deficiency
is an autosomal recessive disorder associated with persistent symptomatic
EBV viremia, including EBV-driven hemophagocytosis and lymphoma,
hypogammaglobulonemia and specific antibody deficiency. Our patients
immune evaluation prior to initiation of chemotherapy and immunosup-
pression was notable for very elevated IgG, IgA and IgM. Despite

hypergammaglobulonemia patient had only 3 out of 11 protective titers
against streptococcus pneumoniae. The patient had pan-lymphopenia
with appropriate percentages of lymphocyte subsets. Assessment of her
B cell subsets showed a slight increase in the percentage of transitional B
cells/plasmablast and a nearly complete absence of CD27-expressing B
cells. Her NK cell phenotyping demonstrated a complete loss of
CD56(bright) NK cells with reduced NK cell cytotoxicity, comparable
to what has been previously reported in patients with GATA2 deficiency.
Previous reports of patients with CD27 deficiency denote normal NK cell
numbers with normal to moderately reduced NK cell cytotoxicity, how-
ever, CD27 deficiency causing a specific loss of the CD56(bright) NK
cell subset has not been previously reported. CD27 deficiency should be
consider in patients with EBV driven disease and abnormal NK cell
studies.
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Introduction/Background: The transcription factor IKAROS is encoded
by the IKZF1 gene and plays a crucial role in lymphopoiesis. Somatic,
andmore recently also germline mutations of IKZF1 are associated with a
hematologic malignancies, most notably B-cell precursor acute lympho-
blastic leukemia. Germline mutation in IKZF1 was first reported as a
monogenic cause of human disease characterized by marrow failure and
immune deficiency in a single neonate in 2012. Subsequently, mutations
leading to haploinsufficiency were discovered to underlie a proportion of
patients with CVID and low B cell numbers, and dominant-negative
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mutations have been observed to cause more severe combined immune
deficiency phenotypes. At this time, there is very little known regarding
allogeneic hematopoietic cell transplantation (HCT) outcomes for pa-
tients with severe dominant-negative IKZF1 mutations. Concerningly,
IKAROS deficiency has been observed to have a negative impact on graft
versus host disease in mouse models.
Objective: To describe allogeneic stem cell transplant outcomes in pa-
tients with the dominant-negative IKAROS mutation.
Methods: We collected transplant data from 4 patients who underwent
allogeneic HCT at transplant centers around the world.
Results: Patients underwent allogeneic HCT using a variety of condition-
ing regimens. Patients received bone marrow (N=3) or cord blood (N=1)
grafts from an HLA-matched sibling donor (N=1) or single allele HLA-
mismatched unrelated donor (N=3). Neutrophil engraftment occurred be-
tween Day +12 and +51 post-transplant. Platelet engraftment occurred
between Day +8 and +167 except in one patient who did not have return
of normal platelet counts due to underlying liver dysfunction. All patients
were documented to have greater than 99%whole blood donor chimerism
at a median of 28 days (range 12-51 days) following transplant and
maintained >95% donor chimerism until last follow-up. Only one patient
developed grade II acute GVHD. No patients developed chronic GVHD.
One patient died approximately 1 year post transplant related to crypto-
sporidium cholangitis which existed prior to HCT. At the most recent
follow up of the 3 surviving patients (range: 0.99-7.2y), IVIG had been
discontinued, antimicrobial prophylaxis had been stopped, and patients
had received routine vaccinations. They all had excellent performance
status.
Conclusions: Allogeneic HCT may be a safe option to consider for patients
with dominant-negative IKAROSmutation as there does not appear to be an
increased risk of death or GVHD. Moreover, 3-out-of-4 of the transplanted
patients are alive and well and show no features of the disease. However,
because of the limited number of patients evaluated and the retrospective
nature of this analysis, our data do not allow firm conclusions to be made,
and further studies will be needed to evaluate outcomes in larger cohorts.
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Introduction: When evaluating patients with T- cell lymphopenia, we
often are concerned about defects in lymphocyte production and function,
especially in the setting of frequent infections. Here we outline a case
demonstrating T-cell lymphopenia due to increased loss, which should be
considered in the differential diagnosis.
Case Report: We report a 13-year-old male who initially presented with
recurrent, right-sided pneumonias requiring frequent hospital admissions
including severe episodes necessitating intensive care unit admission. His
work up for the pneumonias included a bronchoscopy revealing normal
anatomy with minimal inflammation, and a chest CT with mild
peribronchial wall thickening.

As his pulmonary disease progressed, he developed a persistent, produc-
tive cough with expectorated mucous plugs that were plastic-like in ap-
pearance. While his pulmonary symptoms responded to steroids, his mu-
cous plug production persisted. Sputum cultures were intermittently pos-
itive, isolating Cryptococcus neoformans and Aspergillus niger. He
underwent VATS and wedge biopsy, concerning for recurrent aspiration.
An immunologic evaluation initially demonstrated normal T- and B-cell
counts, but serial evaluation of his lymphocyte population demonstrated
low CD4+ cells (ranging 151-367 cells/cumm), and low normal CD8
cells (ranging 101-177 cells/cumm) with normal B- and NK-cell
numbers.
Further T-cell evaluation revealed normal ratios of naive and memory
popu la t ions (CD4CD45RA+ 61%, CD4CD45RO+ 39%,
CD8CD45RA+ 74%, CD8CD45RO 33%), normal TREC (7768 copies
per 10^6 CD3 cells) and normal thymic emigrants (CD4CD31CD45RA+
: 158, normal 150-1500), indicative of sufficient thymopoiesis. Mitogen
and antigen stimulation assays demonstrated normal responses to
phytohemagglutin, concanavalin A, and pokeweed mitogen, with a low
lymphocyte response to Candida. He had normal quantitative
immunologlobulins, normal diphtheria, tetanus and streptococcus pneu-
monia titers. His dihydrorhodamine flow cytometry and FISH for chro-
mosome 21q11.2 deletion were negative.
Given normal function and thymic output, his immunologic profile was
concerning for T-cell loss. Our patient was registered with the
Undiagnosed Disease Network, and had a second review of his lung
biopsy, concerning for plastic bronchitis. Subsequent lymphatic imaging
demonstrated abnormal lymphatics within the bilateral clavicular space,
right greater than left, with questionable partial thoracic duct, explaining
his unilateral symptoms. He was diagnosed with plastic bronchitis sec-
ondary to abnormal lymphatic drainage, with lymphatic fluid filling his
airways and secondary T-cell loss.
Discussion: Plastic bronchitis is a rare and potentially fatal disorder, seen
commonly after the Fontan procedure for congenital heart disease. This
process has resulted in T-cell loss into the airway and subsequent T-cell
lymphopenia.
In patients with Fontan-related protein losing enteropathy, multiple im-
mune abnormalities have been described including reduced immunoglob-
ulins, lymphopenia, and selective CD4 lymphocyte deficiency. Similar
findings have been reported in patients with lymphatic malformations.
Although the impact of T-cell loss on adaptive immunity is not entirely
known, there is no indication of increased risk for atypical infections.
Given his normal mitogen assay, our patient did not start prophylactic
antibiotics. He continues to have symptomatic episodes with lymphope-
nia, but has had no opportunistic infections, and remains stable with an
aggressive pulmonary regimen. We conclude by reiterating the impor-
tance of considering T-cell loss in patients presenting with lymphopenia,
particularly with evidence of normal thymopoeisis and T-cell function.

(64) Submission ID#600267

Granulomatous Disease and Lymphoma in a Cohort of 1395 Patients
with CVID in the USIDNET Registry

Joao Pedro Matias Lopes, MD1, Nicole Ramsey, MD, Phd1, Ramsay
Fuleihan, MD2, Kathleen E. Sullivan, MD, PhD3, Avni Joshi, MD4,
Daniel Suez, MD5, Patricia Lugar, MD, MS6, John Routes, MD7,
Charlotte Cunningham-Rundles, MD, PhD8

1Allergy and Immunology Fellow, Icahn School of Medicine at Mount
Sinai
2Professor of Pediatrics, Division of Allergy and Immunology,
Northwestern University Feinberg School of Medicine, Chicago, NY
3Professor, The Children's Hospital of Philadelphia
4Assistant Professor, Allergy and Immunology, Mayo Clinic
5President, Allergy, Asthma & Immunology Clinic, PA
6Assistant Professor, Allergy and Immunology, Duke Health

J Clin Immunol (2019) 39 (Suppl 1):S1–S151 S37



7Chief, Professor, Division of Allergy and Immunology, Children's
Hospital of Wisconsin-Milwaukee, Milwaukee, WI
8Professor in Medicine, Division of Clinical Immunology, Icahn School
of Medicine, Mount Sinai, NY, NY, USA

Introduction: Granulomatous disease (GD) has been described with a
variable incidence (8.0-22.0%) in patients with common variable immu-
nodeficiency (CVID). An increase in malignancies has been reported in
CVID patient cohorts, particularly for lymphoma, reported in 1.6-8.2% of
the CVID patients depending on the cohorts. Prior analysis of a cohort of
436 CVID patients included 59 patients with GD (GD+). In these, there
was a suggestion of more cases of lymphoma (12.5%) when compared to
cases without (GD-) (5.0%) although the difference was not statistically
significant (p=.07).
Objectives: Compare the frequency of lymphoma in GD+ and GD- pa-
tients in the CVID patient cohort from the USIDNET Registry.
Methods: We submitted a query to the USIDNET registry requesting de-
identified data for patients with the diagnosis of CVID, through August
2018. Statistical analysis was performed on SPSS, with comparisons
done with Pearson chi-square or Fisher's exact test, depending on the
sample sizes, using an alpha level of .05.
Results: A cohort of 1395CVID patients from theUSIDNET registry was
analyzed. Ninety-one patients (6.5%) were GD+. Overall, 152 patients
(10.9%) had a malignancy diagnosis, 47 of these (3.4%) with lymphoma.
Lymphomawas present in 6/91GD+ patients (6.6%) versus 41/1304 GD-
patients (3.1%) (p=.12). Overall malignancy was present in 15/91 GD+
(16.5%) versus 137/1304 (10.5%) (p=.08).
Discussion: In the cohort of 1395 CVID patients from the USIDNET
registry, we found a frequency of lymphoma of 3.4%, which is in the
range of previously described cohorts. The frequency of lymphoma was
6.6% in patients with GD, higher than the 3.1% frequency for GD- pa-
tients, but these differences were not statistically significant. Our identi-
fied frequency of lymphoma in GD+ patients was lower than the one
previously identified in the 436 CVID patient cohort, but with similar
proportional differences between GD+ and GD- patients. Despite no sta-
tistical significance, the frequency of lymphoma, as shown here and else-
where, was higher in CVID patients GD+ than GD- in both studies, with
no full understanding of this increased risk of lymphoma. Expanding this
analysis to larger groups of CVID patients may help to confirm, or deny a
more robust association, which may have a meaningful impact in the
outcomes of this particular population.
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Introduction: Patients with refractory pericarditis have been treated with
intravenous immunoglobulin (IVIG) or interleukin 1 receptor antagonist
(Anakinra) with limited and transient benefit. Separate or combined ther-
apy with subcutaneous immunoglobulin (SCIG) and interleukin (IL) 1
inhibitor (Rilonacept) for refractory pericarditis in a cohort of patients has
not been previously described.
Case Descriptions: 4 patients were referred for recurrent pericarditis re-
fractory to traditional therapies at ages ranging from 16 to 54 years. They
all had multiple serious sequelae of their pericarditis and abnormal im-
mune parameters including hypogammaglobulinemia, poor responses to
vaccines, poor mitogen induced lymphocyte proliferation, and/or B cell
lymphopenia. The patients had varied past medical histories and associ-
ated conditions. Patients were started on IG, with some initiated on IVIG,
though all were transitioned to hyaluronidase-facilitated SCIG
(HYQVIA). Patients were then started on either Anakinra or Rilonacept
with 3 patients continuing on Rilonacept and 1 remaining on Anakinra.
All patients had complete or near complete resolution of their pericarditis
on dual therapy for greater than 1 year. Themarkedly elevated IL1 prior to
therapy seen in all of the patients normalized post-therapy. Some patients
had elevated IL6 prior to therapy that also improved post-therapy. 1 pa-
tient who has also been diagnosed with Familial Mediterranean Fever
(FMF) has stopped both therapies for greater than 1 year with no further
episodes of her pericarditis.
Discussion: 4 patients with recurrent refractory pericarditis and signs of
immunodeficiency and autoinflammatory disease on laboratory testing
responded to dual therapy with HYQVIA and Rilonacept or Anakinra
resulting in resolution of pericarditis. Inflammasome and immune abnor-
malities may be implicated or associated with recurrent pericarditis and
may respond to targeted therapies.

Table 1. Clinical characteristics and immune evaluation for 4 patients.

Patient #1 Patient #2 Patient #3 Patient #4 Reference
Range

Age at first
pericarditis
episode (years)

16 54 57 21 N/A

Pericarditis
pre-therapy

6 acute episodes over 6
years

Constrictive pericarditis
for 6 years

2 episodes over 1 year Constrictive pericarditis for 12
years, signs of pericarditis on
imaging starting at 5 years old

N/A

Pericarditis
complications

Pulmonary edema,
ventricular
tachycardia,
myocarditis, depressed
ejection fracture

Empyema, congestive
heart failure

Cardiac arrest,
pacemaker placed
for complete heart
block

Pericardiocentesis N/A

Therapies failed NSAIDs, steroids,
azathioprine

NSAIDs, steroids,
colchicine

NSAIDs, steroids,
methotrexate
Adalimumab,
Mycophenolic acid,
rituximab

NSAIDs, steroids, colchicine N/A

22 (IG,) 60 (IG) 54 (IG) 33 (IG) N/A
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(continued)

Age at starting
therapy (years)

22 (Rilonacept) 63 (Anakinra) 64 (Rilonacept) 33 (Anakinra)
34 (Rilonacept)

Pericarditis
post-therapy

No subsequent episodes Resolved on imaging No subsequent
episodes

1 episode on Anakinra, none on
Rilonacept; stopped IG and
Rilonacept for past 18 months
with no episodes

N/A

Time on therapy
(years)

2 (IG)
2 (Rilonacept)

4 (IG)
1 (Anakinra)

11 (IG)
1 (Rilonacept)

2 (IG)
1 (Rilonacept)

N/A

Associated
conditions

None Protein loosing
enteropathy

Rheumatoid arthritis,
ITP, thyroid disease,
CIDP

Familial Mediterranean Fever N/A

Immunodeficiency
diagnosis

Selective antibody
deficiency with B cell
lymphopenia

Hypogammaglobulinemia
with poor Tcell function

CVID with poor T cell
function

Selective antibody deficiency N/A

CD3+ cells
(cells/μL, %)

1009, 89% 226, 53% 1588, 93% 1897, 80% 1087-2198,
65-80%

CD4+ cells
(cells/μL, %)

657, 56% 66, 15% 1105, 65% 946, 39% 677-1401,
38-55%

CD8+ cells
(cells/μL, %)

342, 29% 139, 32% 472, 28% 878, 37% 212-1007,
15-38%

CD19+ cells
(cells/μL, %)

29, 3% 148, 37% 31, 2% 280, 12% 180-492,
8-23%

CD16+56+ cells
(cells/μL, %)

73, 7% 34, 8% 60, 3% 181, 8% 97-421,
5-17%

IgG (mg/dL) 995 423 492 1000 844-1912

IgA (mg/dL) 193 124 225 137 68-423

IgM (mg/dL) 83.2 25.5 15.3 72 50-196

Streptococcal
pneumonia titers
post-vaccination

poor adequate poor poor adequate

Mitogen induced
lymphocyte
proliferation

adequate poor poor adequate adequate

IL1β (pg/mL) 39.8 (pre)
<3.9 (post)

>250 (pre)
<3.9 (post)

150.4 (pre)
<3.9 (post)

69.6 (pre)
<3.9 (post)

<3.9

IL6 (pg/mL) 0.92 (pre) 373.76 (pre)
4.8 (post)

3547 (pre) 85 (off tx) 0.31-5

Tumor necrosis
factor-α
(pg/mL)

<1 (pre) 2 (pre) 1.8 (pre)
2.84 (post)

1.9 (pre)
<5 (off tx)

1.2-15.3

Interferon-Υ
(pg/mL)

<5 (pre) N/A N/A <5 (off tx) <=5

Genetic testing negative negative not performed MEFV V726A heterozygous negative
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Hypomorphic Recombination Activating Gene 1 (RAG1) mutations re-
sult in residual T- and B-cell development in both humans and mice and
have been found in patients presenting with delayed-onset combined
immune deficiency with granulomas and/or autoimmunity (CID-G/AI).
Recent studies have shed light on how hypomorphic RAG1 mutations
alter the primary repertoire of T and B cells, but less is known about their
effect on immune dysregulation in targeted organs. In order to investigate
the role of these mutations in determining intestinal disease, we set out to
evaluate gut immunity and microbiota interplay in Rag1 mutant
hypomorphic mice.
We evaluated two mouse models carrying homozygous Rag1 mutations
(R972Q and R972W), corresponding to human mutations (R975Q and
R975W, respectively) described in patients with CID-G/AI. Both muta-
tions fall in the coding flanksensitive region of the RAG1 C-terminal
domain. On the basis of aminoacid properties and in vitro studies, the
R972Q mutation has demonstrated a moderate effect on Rag1 protein
stability while the R972W mutation resulted highly disruptive.
Analysis of intestinal pathology in Rag1 mutant mice (NIAID animal
protocol LCIM 6E) revealed different degrees of spontaneous colitis, with
the most severe inflammatory infiltrate observed in mice carrying the
most disruptive mutation, R972W. Colonic inflammation was character-
ized by crypt elongation, epithelial hyperplasia, and an abundant inflam-
matory infiltrate extending to the colonic lamina propria, with occasional
crypt abscesses. A significant increase in activated CD44hiCD62LCD4+
Tcells expressing the gut homing receptor 47 was observed in mesenteric
lymph nodes (MLNs) of both mutant strains, and was especially promi-
nent in R972Wmutant mice. Additionally, the proportion of MLN CD4+
T regulatory (Treg) cells was increased in both mouse models. Finally,
MLN of mutant mice contained a high number of myeloid cells (CD11b+
) along with a decreased number of B220+ B cells, and these abnormal-
ities were also more prominent in R972W than in R972Q mice.
In summary, we have shown that Rag1mutant hypomorphic mice present
with different degrees of inflammatory bowel disease, with the mouse
model carrying the most disruptive mutation presenting with the most
severe phenotype. We are currently performing studies to evaluate the
impact of Rag1 mutations on microbiome composition and diversity in
these mouse models of CID-G/AI.
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Background: Hypogammaglobulinemia or low serum immunoglobulin G
(IgG) levels either inherited (primary) or acquired (secondary) is associ-
a t e d w i t h i n c r e a s e d i n f e c t i o n r a t e s . P r i m a r y ( 1 ° )
hypogammaglobluinemia can be caused by many primary immune defi-
ciencies (PID) including combined variable immune deficiency (CVID),
while secondary (2°) hypogammaglobluinemia can be caused by many
acquired conditions such as lymphomas, leukemias, or chemotherapies
and other immunosuppressive drugs. Immunoglobulin replacement ther-
apy (IRT) has been the mainstay of treatment in patients with
hypogammaglobulinemia by reducing infection through replenishing
the quantitative IgG. There are other applications of Ig therapy such as
in autoimmune diseases, where the mechanism of action is thought to be
Ig mediated immunomodulation. Innate immune cells have shown to be
involved in such mechanism, but whether IRT modulates adaptive im-
mune cells in patients with hypogammaglobulinemia is not well known.
Hypothesis: IRT has an immunomodulatory effect on T-cell function and
proliferation in patients with hypogammaglobulinemia.
Methods: Blood from thirty patients with 1°(n=12) or 2° (n=18)
hypogammaglobulinemia recruited from the Immunodeficiency
Clinic at the Ottawa Hospital was drawn for peripheral blood mono-
nuclear cell (PBMC) isolation, before starting IRT and minimum 8
weeks after starting IRT. Data regarding IgG level, number and type
of infections after receiving IRT was collected. PBMCs were ana-
lyzed using flow cytometry for quantitation of T-cell subset.
Cultured and anti-CD3/CD28 stimulated PBMC were also analyzed
for extracellular and intracellular cytokine production, measured by
EL ISA and f l ow cy t ome t r y, r e s p e c t i v e l y. Comb i n ed
Cytomegalovirus, Epstein-Barr Virus and Influenza virus (CEF)
peptides were used to study specific T-cell responses. Anti-CD3/
CD28 stimulated PBMC were used for CellTrace T-cell proliferation
a s s a y s . D a t a w a s g r o u p e d b a s e d o n n a t u r e o f
hypogammaglobulinemia i.e. 1° or 2°. Results were compared be-
tween before and after IRT using Wilcoxon matched-pairs signed
rank test.
Results: IRT was not found to significantly alter proportion of Treg,
CD4+, or CD8+ T-cell populations or activation state as measured by
CD45RA/R0 expression. However, IRT was found to significantly in-
crease expression of intracellular IFN-y in CD4+ and CD8+ T-cells
post-CD3/CD28 stimulation in 2° (p = 0.007), but not in 1°
hypogammaglobulinemia patients. There was no change in extracellular
IL-10 and IL-17 cytokine production in both groups. In contrast, CD8+ T-
cells in 1° hypogammaglobulinemia patients showed significantly higher
expression of intracellular IFN-y and TNF-a post-CEF viral peptide stim-
ulation (p = 0.027). CD3+ and CD8+ T-cell proliferation after CD3/CD28
stimulation was found to be decreased after IRT for both groups (p =
0.025 & p = 0.049).
Conclusions: Our results suggest that IRT can alter CD4+ and
CD8+ T-cell function with differential effect in patients with 1°
or 2° hypogammaglobulinemia in addition to replenishing serum
IgG level. More experiments assessing cytotoxicity of T-cells will
be conducted to further study T-cell subset function as well as B-
cell function. These laboratory results will be analyzed for asso-
ciation with clinical outcomes.
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Background: Severe congenital neutropenia (SCN) is a rare im-
munodeficiency disorder characterised by the extremely low abso-
lute neutrophils count (ANC) less than 0.5x109/L. The clinical
feature of SCN is recurrent bacterial infections and the patients
the risk of leukemia development. The incidence of SCN is esti-
mated to be 1 in 200 000 individuals. Mutations in more than 20
genes have been described causing SCN and it is either recessive,
dominant or X-linked inheritance.
Case presentation: We described an 11 years old Malaysian girl who
presented with recurrent abscesses over the whole part of the body,
recurrent oral candidiasis, growth failure and recurrent pneumonias
since 4 months old. She also had history of a few episodes of acute
tonsillitis, chronic suppurative otitis media and herpes zoster infec-
tions. Throughout her age, she had persistent neutropenia less than
0.5x109/L but in few occasions, her ANC elevated up to more than
1.0x109/L . She was treated as autoimmune neutropenia, respective-
ly due to few positive results of autoimmunity workout such as
antinuclear antibodies (ANA) and double stranded DNA (dsDNA)
but eventually later to be negative. Later at the age 9 years old,
whole exome sequencing was performed and confirmed by Sanger
sequenc ing , found a he t e rozygous va r i an t i n ELANE
gene(c.640G>T; p.Gly214Ter), an autosomal dominant which was
described to cause SCN. Both parents do not carry this mutation,
hence, it is a de novo mutation. Currently, she had few on and off
recurrent infections. Despite that, she is relatively well and on pro-
phylaxis antibiotic.
Conclusion: To our knowledge, we report for the first time a Malaysian
girl with SCN, with confirmed mutational analysis of the ELANE gene.
The delayed diagnosis might be due to the insufficient awareness of the
phenotypic presentation of this rare disease. Moreover, the genetic

analysis is not available in Malaysia and need to be done outside of the
country. This case demonstrates the importance of the genetic analysis
which may help in improving the diagnosis and management of the pa-
tient.
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Background: ADA-SCID is a rare genetic disorder which causes
severe combined immunodeficiency. Historically, ADA-SCID has
been treated using enzyme replacement therapy (ERT) followed by
allogeneic hematopoietic stem cell (HSC) transplant (HSCT) from a
matched related donor (MRD) or, if none is identified, a non-MRD
(matched/mismatched unrelated or mismatched related donor). We
developed a self-inactivating lentiviral vector (LV), in which a co-
don optimized human ADA cDNA is driven by the short form of the
elongation factor-1alpha (EFS) promoter (EFS-ADA LV). The drug

product (OTL-101), composed of autologous HSCs transduced
ex vivo with the EFS-ADA LV, was evaluated in a prospective,
historically-controlled Phase I/II clinical trial in ADA-SCID pediat-
ric subjects. We report safety and efficacy at 24 months in 20 ADA-
SCID subjects treated with lentiviral gene therapy (GT) compared to
a historical cohort of 26 ADA-SCID patients treated with HSCT.
Methods: Twenty subjects (9 male, 11 female; 4 mo 4.3 yrs) were treated
with GT. Autologous CD34+ HSCs were isolated from bone marrow and
pre-stimulated with cytokines before transduction with EFS-ADA LV.
Busulfan was administered at a single dose (4 mg/kg) prior to infusion
of OTL-101. The control group included 26 patients (0.2 mo 9.8 yrs)
treated with allogeneic HSCT (MRDs n=12, non-MRDs n=14) at Great
Ormond Street Hospital, UK (n=16) or Duke University Childrens
Hospital, USA (n=10) between 20002016.
Results: At 24 months, overall survival (OS) and event-free survival
(EvFS), defined as survival in the absence of ERT reinstitution or rescue
allogeneic HSCT) were statistically significantly higher in the GT group
compared with the HSCT group (Table). Successful engraftment of ge-
netically modified HSC was observed in all GT subjects at 6 months,
which persisted over 24 months, based on vector gene marking in
granulocytes (median 0.085 copies/cell [range 0.04-2.50] at 24 months)
and peripheral blood mononuclear cells (median 0.843 copies/cell [range
0.13-1.86] at 24 months), and was associated with increased red blood
cell ADA enzyme activity and metabolic detoxification from
deoxyadenosine nucleotides.
Over 24 months, none of the GT subjects required PEG-ADA ERT
reinstitution and 90% were able to stop receiving immunoglobin
replacement therapy (IgRT), whereas 38% HSCT patients required
rescue HSCT or reinstitution of PEG-ADA ERT, and 52% were able
to stop receiving IgRT (Table). Nine subjects in the GT group ex-
perienced a serious adverse event (SAE), most frequently infections
and gastrointestinal events; only one was considered treatment-re-
lated. In the GT group, there were no events of autoimmunity during
the study. Due to the autologous nature of the product, there was no
incidence of graft vs host disease (GvHD) in the GT group; whereas
5 patients in the HSCT group experienced acute GvHD and 3 ex-
perienced chronic GvHD events, one of whom died.
Conclusions: Treatment with lentiviral GT for ADA-SCID is well toler-
ated and has a favorable benefit-risk profile at 24 months based on
sustained gene correction and restoration of immune function, as well
as improved OS and EvFS compared with HSCT (MRD or non-MRD)
at 24 months.
Grant Support:
Supported by a research grant from the NIAID, NIH (U01AI100801), the
National Gene Vector Biorepository (5P40HL116242), the California
Institute for Regenerative Medicine (CL1-00505-1.2, FA1-00613-1),
Medical Research Council (MR/K015427/1), and the National Institute
for Health Research Biomedical Research Centre at Great Ormond Street
Hospital for Children NHS Foundation Trust and University College
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Background: ADA-SCID is a rare genetic disorder that causes se-
vere combined immunodeficiency, with minimal or absent B cell
function. Prior to, and often after, treatment with allogeneic hema-
topoietic stem cell (HSC) transplant (HSCT) or autologous ex vivo
HSC gene therapy (GT), patients are managed with enzyme re-
placement therapy (ERT) and immunoglobulin (Ig) replacement
therapy (IgRT). We evaluated a GT treatment with autologous
HSCs transduced ex vivo with a self-inactivating lentiviral vector
(LV), in which a codon optimized human ADA cDNA is driven by
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an internal short form of the elongation factor-1alpha (EFS) pro-
moter (“EFS-ADA LV”). At 24 months follow-up, 20 pediatric
ADA-SCID subjects treated with GT were compared to a historical
cohort of 26 ADA-SCID patients treated with HSCT. Here, we
report on B cell reconstitution in these cohorts.
Methods: Twenty subjects (9 male, 11 female) aged 4 mo – 4.3
yrs received GT. Autologous CD34+ HSCs were isolated from
bone marrow and pre-stimulated with cytokines before transduc-
tion with EFS-ADA LV. Genetically modified cells were ad-
ministered after conditioning with single dose busulfan (4 mg/
kg). The control group included 26 patients aged 0.2 mo to 9.8
yrs treated with HSCT at Great Ormond Street Hospital (UK)
(n=16) or Duke University Children’s Hospital (US) (n=10) be-
tween 2000 - 2016. The HSCT patients received an allogeneic
transplant from matched related donors (MRDs) (n=12) or non-
MRDs (n=14). Subjects continued to receive IgRT post-GT un-
til a clinical decision was made to stop, factoring in B cell
reconsti tut ion, general medical condit ion and seasonal
infections.
Results: By Month 12, in the GT group, 45% had stopped
treatment with IgRT compared to 38% in the HSCT group
overall. By Months 18 and 24, higher proportions of GT-treat-
ed subjects had stopped IgRT (70% and 90%, respectively)
compared with MRD HSCT patients (55% and 70%, respec-
tively) and non-MRD HSCT patients (42% at both timepoints)
(Table).
In the GT group, vector gene marking was detectable in peripheral
blood mononuclear cells within 3 months and persisted at 24
months post-infusion (median 0.843 copies/cell [range 0.13-
1.86]), suggesting successful gene modification. As evidence of
B cell reconstitution, IgA and IgM levels in peripheral blood sera
more than doubled by 18 months, from 18.5 mg/dL (range 8 to 95)
to 48.0 mg/dL (range 20 to 110) and 32.5 mg/dL (range 16 to 107)
to 69.0 mg/dL (range 20 to 180), respectively. Additionally, anti-
body response following tetanus vaccination, was evaluated in 3
subjects. All 3 subjects mounted a protective response to the vac-
cine (median antibody response 3.2 IU/mL [range 0.1 to 3.5]),
based on a normal threshold of 0.01 IU/mL (Hammarlund Clin
Infect Dis 2016) and a laboratory reference range (0.10 to 2.9
IU/mL).
Conclusions: GT with autologous HSCs transduced ex vivo
with EFS-ADA LV resulted in B cell reconstitution, as evi-
denced by doubled IgA and IgM production at 18 months,
cessation of IgRT in 90% of patients by 24 months, and pro-
tective specific antibody responses to tetanus vaccine in pa-
tients that were evaluated.
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Table – Summary of Immunoglobulin Replacement Therapy Use
GT (n=20) HSCT Overall 

(n=26)
HSCT with MRD 
(n=12)

HSCT with non-
MRD (n=14)

Number (%) who stopped IgRT by: 
Month 12 9/20 (45) 9/24 (38) 5/12 (42) 4/12 (33)

Month 18 14/20 (70) 11/23 (48) 6/11 (55) 5/12 (42)
Month 24 18/20 (90) 12/22 (55) 7/10 (70) 5/12 (42)
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Background: X-linked Chronic Granulomatous Disease (XCGD) results
from mutations in CYBB encoding the gp91phox subunit of phagocyte
NADPH-oxidase. Attempts to treat XCGD with gene therapy (GT) using
transduced autologous hematopoietic stem cells (HSC) transduced ex vivo
with a gammaretroviral vector have met with limited efficacy due to tran-
sient engraftment of gene corrected HSCs, gene silencing, and vector
insertion-mediated activation of oncogenes leading to myelodysplasia. We
developed a novel self-inactivating (SIN) lentiviral vector (G1XCGD LV)
with a chimeric cathepsin G/cFes myeloid-specific promoter driving
gp91phox expression from a codon optimized cDNA. Following transplant
of G1XCGD LV ex vivo transduced autologous HSCs into busulfan-
conditioned XCGD patients, there was long-term restoration of oxidase
activity in peripheral blood polymorphonuclear neutrophils (PMN) at 12
months in 6 of 9 severely affected XCGD patients without evidence of
genotoxicity. Here we present data about the multiple assays used to assess
quality and quantity of restoration of PMN oxidase activity.
Methods: Similar trials of GTwith G1XCGD LV were initiated in the UK
(n=3, plus 1 compassionate use patient) and USA (n=5). All patients had
histories of inflammatory disease and severe, persistent infections (some
non-responsive to conventional therapy at time of GT). G-CSF plus
Plerixafor-mobilized CD34+ HSCs were transduced with ex vivo
G1XCGDLV. Subjects received myeloablative conditioning with single-
agent busulfan, targeted to net area-under-the-curve of 70,000 ng/mL*hr.
Freshly prepared or cryopreserved quality-tested genetically-modified
HSC, manufactured on-site, were administered intravenously. PMN oxi-
dase activity post-GT was assessed by p-nitroblue tetrazolium (NBT) re-
duction, dihydrorhodamine (DHR) flow cytometry assay, and quantitative
Ferricytochrome C Assay (FerriC) measurement of superoxide generation.
Results: We report results for 7 patients (aged 2-27 years) with 1-2.5 years
of follow-up; two additional patients were treated but died within three
months of GT from complications deemed related to pre-existing disease-
related co-morbidities (severe pulmonary disease and anti-platelet antibod-
ies). Within 1 month post-GT, oxidase (+) PMN were present in peripheral
blood based on NBT testing and DHR flow cytometry. Expression of the
corrective transgene was confirmed by flow cytometry using antibody de-
tection of gp91phox. Quantitative biochemical measurements of oxidase

activity were also confirmed in some samples using the FerriC assay, dem-
onstrating quantitative levels of superoxide production per corrected cell
that were within the normal range. Functional testing of oxidase burst
activity using DHR fluorescent assays was applied serially to follow levels
of corrected PMNwhere oxidase activity per corrected cell also were in the
normal range. All patients had >15% PMN DHR+ within one month,
which remained stable for most patients over the follow-up period
(Figure). Follow-up demonstrated sustained stable persistence of 12-46%
oxidase burst positive neutrophils in 6 of 7 surviving subjects at 12 months,
with restoration to clinically beneficial levels (defined as 10% of PMN
being DHR+) in these patients as of December 2018.
Conclusion: These results demonstrate corrected PMN function within 1
month in X-CGD patients treated with autologous GT. PMN oxidase ac-
tivity was sustained at levels which restore biochemical function and pro-
vide clinically beneficial levels of immunity for 12 months in 6/7 patients.
Grant Support:
Supported by research grants from the: California Institute of Regenerative
Medicine (CLIN2-08231; FA1-00613-1), the Gene Therapy Resource
Program from NHLBI, NIH (CRB-SSS-S-15-004351 1840), the
NIAID Intramural Program, NET4CGD (FP7 EU grant agreement no.
305011), the Wellcome Trust (104807/Z/14/Z), and the National Institute
for Health Research Biomedical Research Centre at Great Ormond Street
Hospital for Children NHS Foundation Trust and University College
London.
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Introduction/Background: Grifols has developed a new 20% immuno-
globulin liquid product for subcutaneous administration (IGSC 20%).
The formulation for IGSC 20% was developed based on the knowledge
acquired from the formulation of Grifols currently licensed 10% Immune
Globulin (Human), Gamunex®-C; however, the protein concentration
was increased from 10% to 20% to facilitate efficient subcutaneous ad-
ministration. Gamunex-C has an extensive record of safety and tolerabil-
ity when administered intravenously and subcutaneously for greater than
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15 years in diverse patient populations. The IGSC 20% manufacturing
process employs the same purification steps as Gamunex-C and was
demonstrated to be robust and to provide an IgG product with the required
potency, purity, and quality. The formulation excipient characteristics and
compatibility with the drug product have been well established. Glycine
has been an excipient of Intramuscular Immune Globulin (Human) for
fifty years and Intravenous Immune Globulin (IGIV) for over twenty
years. The IGSC 20% formulation has low buffering capacity, and a
low pH was selected to achieve a product with low aggregates, low
fragments and viscosity suitable for subcutaneous administration. To im-
prove visual clarity, the IGSC 20% formulation contains a small amount
of polysorbate 80 (PS80), which is widely used in biopharmaceutical
products. Subcutaneous administration of the IGSC 20% formulation
has been well tolerated in clinical studies.
Objectives: The goal was to provide the PID population with a new 20%
immunoglobulin liquid product for subcutaneous administration (IGSC 20%).
Methods: IGSC 20% is manufactured using the current manufacturing
process for Gamunex-C, followed by an additional concentration step so
that the product can be formulated at a higher protein concentration. IGSC
20% and Gamunex-C batches were produced at full industrial scale and
then subjected to a series of analytical testing including assessment of
purity, composition and neutralizing activity.
Results: The IGSC 20% and Gamunex-C manufacturing processes and
formulations have preserved the IgG integrity, molecular characteristics
and potency. The manufacturing processes have eliminated lipids, alcohols,
and acetate and coagulation factor impurities, including FXIa, which were
undetectable by either specific or global methods. The IGSC 20% and
Gamunex-C batches were 100% gamma globulin by agarose membrane
electrophoresis, and have a subclass distribution similar to normal plasma
and acceptable specific antibody content. IGSC 20% was shown to be
primarily monomer plus dimer IgG (99±1%) with minimal aggregate or
fragment, which confirms that appropriately gentle processing conditions
were used during the concentration of 10% IgG solutions to 20% IgG.

Conclusions: IGSC 20% is a highly concentrated IgG solution with char-
acteristics comparable to Gamunex-C, but with twice the IgG concentration
in order to facilitate subcutaneous administration with reduced volumes and
shorter infusion times. Analytical testing demonstrates suitable potency,
purity, and neutralizing activity for a number of specific antigens.
Funding: This study was funded and conducted by Grifols, a manufac-
turer of 20% immunoglobulin for subcutaneous administration.
Disclosure: All authors are employees of Grifols.
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INTRODUCTION: Miller-Dieker Syndrome (MDS) is a contiguous
gene deletion on chromosome 17p13.3, characterized by lissencephaly,
distinctive facial features and severe intellectual disability and seizures.
Frequent respiratory tract infections and seizures cause recurrent hospi-
talizations in these children and are typically considered a result of neu-
rological impairment and poor airway clearance. Evaluation of these pa-
tients for immunodeficiency is not a common clinical practice. Here we
report combined immune deficiency in 2 patients withMDS and recurrent
respiratory tract infections.
CASE PRESENTATION
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Case 1: A boy with MDS was initially referred at age 2 months for an
abnormal newborn screen with low T cell receptor excision circles
(TREC) for severe combined immunodeficiency (SCID). Initial evalua-
tion revealed moderate CD3+ and CD4+ T cell lymphopenia (figure 1).
Initial immunoglobulins levels were normal. He was placed on anti-
seizure medications. He later developed recurrent and severe respiratory
tract infections starting in infancy. At 12 months of age, he developed
hypogammaglobulinemia (figure 2). In addition, T cell counts progres-
sively decreased and stayed around 600 cells/ul. Immunoglobulin re-
placement therapy started at 18 months of age. Hospitalizations due to
respiratory tract infections significantly decreased.
Case 2: A 3-year-old boy with MDS had recurrent bacterial and viral
respiratory infections which required numerous hospitalizations includ-
ing intensive care unit stays. Newborn screening for SCID was negative.
He had been on anti-seizure medications. Immunologic evaluation at 3
years of age revealed low total CD3+ cells and CD8+ T cells (CD3+:
1284cells/uL[normal range 1400-3700cells/uL], CD8+:278cells/
uL[normal range 490-1300cells/uL]), hypogammaglobinemia (IgG:
252mg/dL[normal range 453-916mg/dL]), and non-protective IgG levels
to tetanus, varicella and pneumococcus serotypes. Immunoglobulin

replacement therapy started at 3 years of age which resulted in reduced
frequency and severity of respiratory infections, and improved quality of
life.
DISCUSSIONS: T cell lymphopenia and hypogammaglobulinemia
were seen in both our cases of Miller-Dieker Syndrome. To our
knowledge, immune deficiency has never been reported in MDS.
One of our cases suggests that low T cell counts may start as early
as at bir th and may be detected by newborn screening.
Hypogammaglobulinemia may be primary or secondary due to an-
tiepileptics. Both children had reduced frequency and severity of
respiratory infections and improved quality of life after immuno-
globulin replacement highlighting the importance of screening and
early management of immunodeficiency.
CONCLUSION: Miller-Dieker Syndrome is likely another syndromic
primary immune deficiency disorder. A high index of suspicion with early
screening and management of immunodeficiency may be beneficial for
children with Miller-Dieker Syndrome.
Uploaded File(s)
Uploads
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This prospective, multi-center, open-label study assessed the pharmaco-
kinetic (PK), safety, and tolerability of Immune Globulin Subcutaneous
(Human), 20% Caprylate/Chromatography Purified (IGSC 20%) in sub-
jects with primary immunodeficiency (PI). The objectives were to deter-
mine a weekly subcutaneous (SC) dose of IGSC 20% that is noninferior
to the intravenous (IV) dose of Immune Globulin Injection (Human),
10%Caprylate/Chromatography Purified (IGIV-C 10%) and to determine
the steady state trough IgG levels after IGSC 20% and IGIV-C 10%
infusions. There were 3 possible phases. If not on a qualifying IgG reg-
imen at enrollment, subjects (n=44) were required to enter the Run-In
Phase, receiving IGIV-C 10% to achieve steady-state before entering
the IV Phase to determine steady-state area-under-the-curve (AUC) of
IV infusions. Subjects with a qualifying IGIV-C 10% regimen (300-800
mg/kg) (n=9) directly entered the IV Phase for steady-state IV PK assess-
ments. Upon completion of the IV PK assessments subjects entered the
SC Phase, receiving weekly doses of IGSC 20% for up to24 weeks, with
steady-state AUC determined at the 13th dose. IGSC 20% was not asso-
ciated with any reports of serious local infusion site reactions (ISRs). The
majority of local ISRs were mild-to-moderate. IGSC 20% (at a dose
conversion factor of 1.37) provided equivalent exposure to IGIV-C 10%
as assessed by steady-state AUC0-7 days, with 33% higher mean IgG
trough values, lower fluctuations in IgG concentrations and the flexibility
of at home administration. IGSC 20% was well tolerated with a safety
profile comparable to IGIV-C 10%.
ClinicalTrials.gov Identifier: NCT02604810
Disclosure: Kecia Courtney, Elsa Mondou, and Jiang Lin are employees
of Grifols, a manufacturer of IGSC 20%. Grifols is the sponsor of this
study.

(75) Submission ID#600556

Deficiency of Adenosine Deaminase 2: An Expanding Spectrum of
Disease

Jenna Bergerson, MD/MPH1, Karyl Barron, MD2, Deborah Stone, MD3,
Patrycja Hoffmann, MSN, FNP4, Natalia Sampaio Moura, BS5, Oskar
Schnappauf, PhD6, Ivona Aksentijevich, MD7, Daniel Kastner, MD,
PhD8, Amanda Ombrello, MD3

1Staff Clinician, Laboratory of Clinical Immunology and Microbiology,
NIAID, NIH, Bethesda, MD, USA
2Deputy Director, DIR, NIAID
3Staff Clinician, NIH/NHGRI/Inflammatory Disease Section
4Commissioned Corps, NIH/NHGRI/Inflammatory Disease Section
5Post Baccalaureate IRTA, NIH/NHGRI/Inflammatory Disease Section
6Postdoctoral Fellow, NIH/NHGRI/Inflammatory Disease Section
7Staff Scientist, NIH/NHGRI/Inflammatory Disease Section
8Scientific Director, NHGRI, NIH/NHGRI/Division of Intramural
Research

Background: In 2014 two reports described the deficiency of adenosine
deaminase 2 (DADA2) as early-onset lacunar strokes, intermittent fevers,
livedoid rash, and early onset polyarteritis nodosa (PAN). Since these first
reports, the clinical spectrum has dramatically expanded to include anti-
body deficiency, liver disease, vasculopathy, pure red cell aplasia, cyto-
penias, and lymphoproliferative disease.
Methods: Forty-two patients were enrolled in an IRB approved
study at the NIH. Sequencing of ADA2, the gene encoding adeno-
sine deaminase 2 (ADA2), was performed in all patients.
Information was obtained by chart review of all clinical, serologic,
and radiographic testing.
Results: All 42 patients had germline biallelic loss of function mu-
tations in ADA2, leading to absent or significantly decreased protein

expression and function of ADA2. The cohort comprises 20 females
(48%) and 22 males (52%). There were 6 sibling pairs and 2 fam-
ilies with 3 affected individuals. Twenty-seven patients had a history
of at least one ischemic stroke and 6 experienced a hemorrhagic
stroke. The average age at the time of first stroke is 5.6 years (range
4 months - 24 years), and the average number of strokes is 3 (range
1-11). No new strokes have occurred in patients on anti-TNF ther-
apy. Skin manifestations occurred in 86% of patients and include
livedo (74%), cutaneous vasculitis resembling PAN (64%), and
Raynauds (19%). Hepatomegaly (43%) and splenomegaly (55%)
were also notable. Portal hypertension was observed in 6 (14%)
patients, with 1 patient requiring a spleno-renal shunt for a massive
variceal bleed. Abdominal MRA revealed arteritis and aneurysm in
7/13 patients evaluated; 3 patients developed bowel necrosis.
Peripheral vasculopathy was seen in 3 patients, with one requiring
amputation of gangrenous digits.
The most common immune abnormality seen in this cohort is
hypogammaglobulinemia (62%); 20 patients have low IgG, 20 pa-
tients have low IgM, and 14 patients have low IgA. Ten of these
patients are on immunoglobulin replacement. Specific antibody re-
sponses to vaccines were inadequate in 5/16 patients challenged.
Lymphocyte phenotyping revealed decreased class-switched memo-
ry B cells in 23/32 patients (72%) tested. However, there was no
relationship between absolute number of class switched memory B
cells and hypogammaglobulinemia or infection frequency.
Hematologic abnormalities include transfusion depended anemia
(7%), neutropenia (7%), lymphopenia (5%), and thrombocytopenia
(2%). Seven patients developed pancytopenia, 1 presented with pure
red cell aplasia, and 1 developed aplastic anemia. Three patients
have undergone bone marrow transplant, with two of those patients
requiring a second transplant for graft failure.
Conclusions: The spectrum of DADA2 has expanded from strokes,
intermittent fever, and cutaneous manifestations to include portal
and systemic hypertension, immune deficiency, cytopenias, vascular
abnormalities, and bone marrow failure. While initiation of anti-
TNF therapy improves inflammatory markers, and no new strokes
have occurred while on therapy, cytopenias do not seem to improve.
Bone marrow transplantation should be considered in patients with
findings of bone marrow failure, although transplant of our patients
has been complicated by immune mediated neutropenia. Disease
manifestations are heterogenous, making a comprehensive evalua-
tion critical to our understanding of this disease.
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Cultured thymus tissue transplantation (RVT-802) is an investigational ther-
apy used to treat athymia or other conditions with severely diminished
thymic function. Since 1993, 97 transplants of RVT-802 have been per-
formed under the direction of Dr. M. Louise Markert. The overall survival
rate after RVT-802 is 71% with most deaths secondary to pre-existing
infections, cardiac defects and/or respiratory conditions. With the advent
of widespread newborn screening for primary immunodeficiency, the aver-
age number of patients referred for RVT-802 implantation is 18 per year.
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Given the increase in neonatal diagnosis of athymia, clinical care is provid-
ed by the referring medical centers prior to RVT-802 implantation and
patients return to the referring centers earlier after RVT-802. This creates
the need for clear, concise guidelines for the care of these patients.
Primary goals of pre-transplantation clinical care are (1) management of
pre-existing medical needs such as feeding difficulties, airway obstruction,
congenital cardiac defects and developmental disabilities; (2) management
of symptoms related to oligoclonal recipient T cell expansion (autologous
GVHD/atypical complete DiGeorge anomaly) and (3) prevention of infec-
tions. Most deaths in the pre and early post-transplantation period are sec-
ondary to pre-existing infections. Necessary surgical and medical proce-
dures (ie cardiac surgery, hearing aids) should not be delayed.
For the first 6 to 9months after RVT802, patients have profoundly low naïve
T cell numbers and may require immunosuppression to prevent rejection of
RVT-802 by oligoclonal recipient T cells. Immunosuppression needs to be
closely monitored and titrated for desired effect while minimizing side ef-
fects such as renal toxicity, electrolyte abnormalities and hypertension. Tcell
counts should be performed every 3 months and are used to guide weaning
of immunosuppression. Most patients with successful transplants develop
greater than 100/mm3 naïve T cells by 12 months post RVT-802. Infection
prevention, clinical stability and optimal nutrition are critical for lasting
engraftment. Clinical guidelines have been developed to address immuno-
suppression, management of autologous GVHD symptoms (gut, skin and
liver), preservation of renal function, and developmental considerations.
After the development of naïve T cells, patients should continue to be
monitored regularly by an immunologist. Patients may develop autoim-
mune complications such as thyroid disease and transient cytopenias.
While risk of complications related to viral infections is greatly decreased
after development of naïve T cells, patients with comorbidities (central
venous access device dependence, tracheostomy, chronic lung disease)
continue to require complex care from multidisciplinary teams. Medical
conditions associated with athymia but not alleviated by thymus trans-
plantation, such as hypoparathyroidism or cardiac defects, may require
lifelong medical care. Lastly, patients must be evaluated for readiness for
killed and live vaccines.
Transplant outcomes are influenced by the clinical condition at the time of
RVT-802 implantation and optimization of immunosuppression, nutrition
and clinical stability in the first 9 months following RVT-802. Clinical
care that maintains a well-nourished, clinically stable, infection free pa-
tient yields the best chance for successful T cell development. Guidance
documents supporting these goals ensure patients are best prepared to
receive RVT-802 and develop long lasting thymic function.
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Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening disease
of immune dysregulation characterized by unchecked inflammatory re-
sponses leading to end-organ dysfunction. Primary HLH results from
inherited mutations that impair capacity for immune regulation whereas
secondary HLH arises from inappropriate response to an immune stimu-
lus such as infection, malignancy or autoimmunity. We report a 9-month-
old male who presented with symptoms of HLH as an initial manifesta-
tion of congenital disorder of glycosylation (CDG) due tomutations in the
gene Component of Oligomeric Golgi Complex 4 (COG4) resulting in
COG4-CDG (CDG-IIj).
A 9-month-old male with history of mild motor delay presented with 3
days of fever, vomiting, and diarrhea. Initial evaluation identified highly
elevated ferritin and triglycerides, transaminitis, coagulopathy, and
hyperammonemia. He subsequently developed generalized seizures.
Liver and bone marrow biopsies demonstrated erythrophagocytosis con-
sistent with HLH. Immunologic evaluation was notable for mild
hypogammaglobulinemia, neutropenia, thrombocytopenia, and anemia.
Serum CD25 levels and NK functional studies were later found to be
normal.
The patient was initially treated with ammonia-scavenger therapy and
fresh frozen plasma (FFP) for coagulopathy with subsequent intravenous
immunoglobulin and dexamethasone several days later. Within 24 hours
after starting FFP, the patients ferritin level declined sharply.
Hyperammonemia and transaminitis also resolved, and his fever curve
improved. Additional immunosuppression was considered, but not initi-
ated due to the patients ongoing clinical improvement.
Over the next 3 months, the patient experienced two further acute epi-
sodes of fever, liver dysfunction, coagulopathy, and sepsis physiology.
The second episode was successfully treated with FFP, though no clear
infectious trigger was identified. The third episode occurred 4 days after
routine vaccinations. The patient had prolonged hypotension requiring
ionotropic support that resolved after receiving daily FFP, and hypoxia
with pleural effusions that resolved after a single treatment with protein C
concentrate.
As the patient had met 5/8 clinical diagnostic criteria for HLH, but
also had a history of hyperammonemia, he underwent concurrent
biochemical and genetic evaluation for both primary HLH and in-
born errors of metabolism. Whole exome sequencing identified com-
pound heterozygous mutations in COG4, part of an oligomeric pro-
tein complex involved in Golgi apparatus structure and function.
COG4 mutations have previously been reported in two patients with
autosomal recessive COG4-CDG (CDG-IIj), who were described to
have similar clinical symptoms of hypotonia, seizures, coagulopathy,
and liver dysfunction, as well as recurrent infections. Subsequent
immune phenotyping while the patient was healthy was notable for
slightly low numbers of NK cells, but normal CD107a mobilization
and perforin/granzyme B expression in vitro.
Our patient represents a novel presentation of CDG due to COG4
defect with associated immune dysfunction manifesting as recurrent
episodes of inflammatory crisis with features of HLH. CDG and in-
born errors of metabolism should be considered during diagnostic
evaluation for patients with HLH symptoms, as CDG patients may
develop acute episodes of severe inflammation, in the absence of cel-
lular regulatory defects, for which FFP and protein C concentrate may
have therapeutic value.
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Introduction/Background: Autoantibodies to interferon-gamma (IFN-g)
are associated with disseminated nontuberculous mycobacterial (NTM)
and other opportunistic infections in previously healthy adults, predomi-
nantly in or from Southeast Asia. Although the clinical manifestations of
this acquired immunodeficiency syndrome have been reported, its natural
history is not well understood.
Objectives: To characterize demographic data, recurrence of infections,
clinical outcomes, and autoimmunity-related complications in patients
with anti-IFN-g autoantibodies.
Methods: Eighty-one HIV uninfected voluntary participants (40 with dis-
seminated NTM infection and 41 with another opportunistic infection with
or without NTM infection) at SrinagarindHospital in eastern Thailandwere
enrolled in an Institutional Review Board-approved protocol (09-I-N060)
beginning in 2010 and followed annually until November 2018.
Demographic information and clinical histories were recorded on standard
forms at each visit and plasma samples were obtained. Serial plasma sam-
ples are being analyzed for anti-IFN-g antibody levels.
Results: Seventy-four out of 81 patients (91%) had anti-IFN-g autoanti-
bodies. The median [interquartile range, IQR] age of patients with anti-
IFN-g autoantibodies was 50 [46,56] years. Forty-seven patients (64%)
were female. At the time of diagnosis, 36 patients (49%) with anti-IFN-g
autoantibodies had disseminated NTM infection, 35 patients (47%) had
another opportunistic infection with NTM infection, and 3 patients (4%)
had another opportunistic infection without NTM infection.
Mycobacterium abscessus was the most commonly isolated organism and
lymph nodes (69 patients, 93%) were the most commonly involved site.
>During the follow-up period, 25 patients (34%) with anti-IFN-g autoanti-
bodies had at least one recurrence of culture-proven infection. After a median
[IQR] follow-up time of 85 [42,96] months, 41 patients (55%) with anti-IFN-
g autoantibodies had inactive disease after prolonged antibiotic treatment, 6
patients (8%) had active/progressive disease, and 18 patients (24%) had died.
Of the 14 deaths with identifiable causes, 10 (71%)were related to infections.
The rate of death per person-year was 0.044. The most common
autoimmunity-related complicationwas Sweets syndrome, seen in 29 patients
(39%) with anti-IFN-g autoantibodies. Sixteen of those patients (55%) had
recurring Sweets syndrome. Additionally, 14 patients (19%) developed lym-
phatic obstruction, which continued to recur in 12 patients (86%).
Seven patients (9%) in this study did not have anti-IFN-g autoantibodies. The
median [IQR] age of autoantibody-negative patients was 38 [27,54] years
and 3 patients (43%) were female. None of the autoantibody-negative pa-
tients developed new infections during follow-up. At the end of the follow-up
period, none of the patients had active/progressive disease and 2 patients
(29%) had died.

Conclusions: Ninety-one percent of HIV uninfected Thai patients with
disseminated NTM infection with or without other opportunistic infec-
tions had detectable anti-IFN-g autoantibodies. About one third of pa-
tients with autoantibodies to IFN-g had recurrent infections during fol-
low-up. After approximately 7 years of follow-up, 55% of patients with
anti-IFN-g autoantibodies had inactive disease following multi-drug an-
tibiotic therapy while 8% had active/progressive disease and 24% had
died. Patients with anti-IFN-g autoantibodies are at risk for recurrent
infections and autoimmunity-related complications. Therefore, long-
term follow-up is recommended. Life-long secondary antibiotic prophy-
laxis may be required to prevent recurrence of infection in the setting of
persistent anti-IFN-g autoantibodies.
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The study of early T cell development in patients with severe T cell
immunodeficiencies is challenging because of the rarity of these diseases,
the difficulty to obtain hematopoietic stem cells (HSCs), and limitations
in the assays to assess in vitro differentiation of HSCs to mature T cells.
We recently developed a serum-free system that allows faithful analysis
of sequential steps of Tcell differentiation. In this system, artificial thymic
organoids (ATOs) are generated, based on the 3D aggregation and culture
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of a delta-like canonical Notch ligand 4 (DLL4)-expressing stromal cell
line (Ms5-Dll4) with CD34+ cells isolated from bone marrow (BM) sam-
ples of normal donors (ND). In this project, we set out to evaluate the
possibility of using the ATO system to study T cell differentiation in
patients carrying T cell defects, in order to define the exact steps of T cell
development affected by different genetic defects. Using the ATO system,
we studied in vitro T cell differentiation from CD34+ cells obtained from
patients carrying defects that are intrinsic to hematopoietic cells (RAG1,
RAG2, AK2, IL2RG) or that affect thymus development (DiGeorge syn-
drome, DGS). The AK2-deficient patient showed a markedly decreased
viability in CD34+ cells and a very early defect in T cell development,
already at the pro-T cell stage. This defect was very similar to that ob-
served in a patient carrying a null IL2RG mutation who was reported to
show autologous reconstitution after unconditioned haploidentical HSC
transplantation. In contrast, CD34+ cells from a patient carrying a mis-
sense IL2RGmutation and with a leaky SCID phenotype were capable of
differentiating into mature T cells in vitro, although with 100-fold de-
creased efficiency as compared to normal donors (ND). Interestingly, in
the patient carrying the null IL2RG mutation, we noticed very few cells
that could reach full maturation, with an absolute number of CD3+
TCRab+ cells around 1000-times less than in ND. At variance with
pro-T cells (that failed to express the gc protein), these mature T cells
did express normal levels of gc, suggesting that they may have derived
from residual CD34+ cells from the BM donor. In addition, CD34+ cells
from the patients carrying RAG1 and RAG2 hypomorphic mutations
were able to differentiate to CD4+CD8+ double positive cells, but not
to CD3+TCRab+ cells. Finally, the DGS patient showed a completely
normal in vitro T cell differentiation, confirming that T cell deficiency
reflected thymic abnormalities. In summary, our data show that the ATO
system could be extremely useful in determining whether the lack of T
cells in patients with unknown gene defects reflect hematopoietic or thy-
mic intrinsic problems, and may therefore provide critical evidence in
deciding whether HSC or thymus transplantation is warranted, even with-
out knowing the actual gene defect.
Supported by the Intramural Research Program, DIR, NIAID, NIH
Protocol 18-I-N128
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Introduction: Ataxia-Telangiectasia (AT) is an autosomal recessive disor-
der caused by mutations in the Ataxia Telangiectasia Mutated (ATM)
gene, which aids in detection and repair of DNA damage. AT is charac-
terized by progressive cerebellar ataxia, oculomotor apraxia,
choreoathetosis, conjunctival telangiectasias, variable degrees of T-cell
lymphopenia (TCL) and immune compromise. Patients are at an in-
creased risk for malignancy, particularly leukemia and lymphoma, and
are unusually sensitive to ionizing radiation. With the advent of TREC-
based newborn screening (NBS) for SCID, AT patients are being recog-
nized with asymptomatic TCL in early infancy.
Objectives:We present an older child with ATand chronic granulomatous
lesions and discuss how this may be avoided in individuals with AT
diagnosed following abnormal NBS.
Case Report: A 12 y/o male was born at term following an uncomplicated
twin pregnancy and delivery, prior to institution of SCID NBS. He dem-
onstrated mild gross motor and speech delay as an infant and was diag-
nosed with AT at age 3. He had received all routine immunizations,
including live vaccinations. He developed granulomatous skin lesions at
age 1, initially small papules on his cheeks and ears, which subsequently
formed large disfiguring plaques on sun-exposed areascheeks, arms and
hands (Fig 1). Following an extensive workup, his lesions were found to
be secondary to a mutated vaccine-strain Rubella (RA27/3) based on
739bp genotyping, previously described in other immunocompromised
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individuals [Perelygina/Sullivan et al. JACI 2016]. His lesions have been
refractory to multiple treatments including nitazoxanide. He is currently
on daily oral and topical steroids, TMP/SMX and IVIG. Retrieval of his
NBS for TREC determination revealed that he would have screened pos-
itive [Mallot/Puck et al. J Clin Immunol 2013]. When first measured at
age 3, CD3 T-cells were low, 443/ul, with CD4 227/ul and CD8 140/ul. B
and NK cell numbers were normal.
Since April 2017, 4 cases of AT were seen at UCSF in infants with non-
SCID TCL onNBS. These 3 males and 1 female were all born at term and
discharged fromwell-infant nurseries. ATwas diagnosed at 2-7 months of
age. Their initial TRECs ranged from 5-12/ul (normal with PerkinElmer
Enlite kit >18), and all had low T-cells on initial flow cytometry (242-
1612 CD3/ul, ref range>2500) with decreased CD4 (146-1178/ul) and
CD8 (87-403/ul) T-cells; however naïve T-cells were present, ruling out
typical SCID and raising concern for non-SCID TCL. Three infants also
demonstrated low B-cells (<20-77/ul), while NK cells were normal in all.
Two are currently receiving IVIG, one of whom is also on TMP/SMX.
All have avoided not only rotavirus but also MMR and varicella live
vaccinations.
Conclusions: AT is now often diagnosed in infants with low TRECs on
SCID NBS, prior to neurologic manifestations. Benefits of early diagno-
sis include avoidance of live vaccines, including MMR, which led to the
debilitating granulomas in our older patient. Additionally, patients receive
prompt immunologic monitoring and treatment, avoidance of unneces-
sary radiation, specialty referrals and family genetic counseling. While
there is no cure for AT, ongoing research may bring neuroprotective
treatments in the future.
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Introduction: Subcutaneous immune globulin 20%, Ig20Gly, was well tol-
erated in the phase 2/3 North American study in patients with primary
immunodeficiency diseases (PIDD). Here we assess comorbidities, use of
concomitant medications, infusion parameters, and tolerability in advanced
age patients (60 y) treated with Ig20Gly in the North American study.
Methods: Patients aged 2 years with PIDD received weekly Ig20Gly infu-
sions at volumes 60 mL/site and rates 60 mL/h/site for ~1.3 years in the
North American study (NCT01218438). The medical history at baseline,
medical conditions that were ongoing (defined as comorbid events), use of
concomitant medications, adverse events (AEs), tolerability, and infusion
parameters were assessed by age: in advanced age patients (60 y; n=14),
adult (16<60 y; n=39), and pediatric/adolescent patients (<16 y; n=21).
Results: The mean number of medical history events at baseline was
higher in advanced age patients (28.7 events/patient; 402 events in 14
patients) versus adult (16.8 events/patient; 657 events in 39 patients), and

pediatric/adolescent patients (6.5 events/patient; 137 events in 21 pa-
tients). Of these, the medical conditions that were ongoing at baseline
(comorbid events) were also higher in the advanced age patients (20.9
events/patient; 292 events in 14 patients) versus adult (12.4 events/
patient; 482 events in 39 patients), and pediatric/adolescent patients (3.4
events/patient; 71 events in 21 patients). In the advanced age patients,
neurological comorbidities (51 events) were the most common, followed
by those related to eyes, ears, nose, and throat (49 events), gastrointestinal
(43 events), and musculoskeletal comorbidities (43 events). Concomitant
medications were given to treat a preexisting condition in all patients in
the advanced age group (225 medications in 14 patients). Despite the
higher mean number of comorbid conditions, infusion parameters in the
advanced age patients were comparable to those in the adult age group.
Median maximum infusion rates and infusion volumes/site were compa-
rable in the advanced age patients (60 mL/h/site; 47.5 mL/site) and adults
(60 mL/h/site; 44 mL/site); lower infusion rates and volumes/site were
reported in the pediatric/adolescent patients (30 mL/h/site; 26.8 mL/site).
Infusions were well tolerated in all patients. Percentages of infusions
associated with causally related AEs were low in advanced age patients
(all [1.3 %], local [0.4%], systemic [0.9%]), adults (all [3.5%], local
[1.1%], systemic [2.7%]) and pediatric/adolescent patients (all [2.8%],
local [2.7%], systemic [0.4%]). Larger infusion volumes and faster infu-
sion rates were not associated with increases in causally related local AEs
in the advanced age group, consistent with the trends seen in the pediatric/
adolescent and adult patients.
Conclusions: Despite the higher mean number of comorbidities in ad-
vanced age patients with PIDD, Ig20Gly was infused at relatively high
rates and volumes and was well tolerated.
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Introduction: HyQvia (IGHy; immunoglobulin infusion 10%with recom-
binant human hyaluronidase [rHuPH20]) is an immunoglobulin (IG) re-
placement therapy approved for patients with primary immunodeficiency
diseases (PIDD) that allows larger infusion volumes, up to 600 mL/site,
and has improved IG bioavailability compared with conventional subcu-
taneous IG products. A post-authorization safety study is being conducted
in the United States to acquire long-term safety data on IGHy and to
assess prescribed administration regimens in routine clinical practice.
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Infusion characteristics and treatment-related adverse events from an in-
terim analysis are reported here.
Methods: Patients aged 16 years with PIDD receiving IGHy were includ-
ed in this ongoing, prospective, non-interventional, open-label, uncon-
trolled, multicenter study. As a part of routine clinical practice, patients
are treated with IGHy according to standard medical care and their treat-
ment regimen is at the discretion of the treating physician. Adverse events
(AEs) are collected from enrollment to study completion/discontinuation
using a subject diary and assessed at every study visit (every 3 months or
standard practice). AEs are assessed based on seriousness, severity, and
causal relatedness to IGHy. The presence of anti-rHuPH20 antibody is
evaluated on a voluntary basis. Treatment preferences for various attri-
butes of IG therapy were assessed annually using a treatment preference
questionnaire.
Results: A total of 175 patients were enrolled at 26 US study sites (data cut-
off date: August 21, 2017). Infusions were self-administered at home (56%)
or at the clinical site (44%)most commonly using 4-week infusion intervals
(56.6%). The mean maximum IG infusion rate was 302.8 mL/h and the
mean IG dose was 418 mg/kg bodyweight/4weeks. The mean number of
infusion sites used for administration was 1.9 and mean infusion duration
was 2.8 hours. Most infusions (97.3%) were administered without a rate
reduction, interruption, or discontinuation due to AEs. There were no seri-
ous AEs (SAEs) related to IGHy. Sixteen patients experienced a causally
related non-serious local AE (9.1%; 0.43 events/patient-year, 0.07 events
per infusion) and 25 patients experienced a causally related non-serious
systemic AE (14.3%, 0.88 events/patient year, 0.14 events per infusion).
Seven of 113 patients who were tested for anti-rHuPH20 antibody had 1
positive binding antibody test to rHuPH20 (titer 1:160; maximum titer
1:10240 at enrollment, 1:5120 during the study); no neutralizing
rHuPH20 antibodies were detected. Of the patients who responded to the
treatment preference questionnaire at the end of year 1, the majority (38/52
[73.1%]) preferred to receive their IG therapy at home; 21.2% (11/52)
preferred the doctors office; 3 patients preferred treatment at the hospital,
had no preference, or indicated other. Almost all patients (51/52 [98.1%])
indicated a preference to continue treatment with IGHy.
Conclusion: This interim analysis of 175 patients with PIDD treated with
IGHy in routine clinical practice supports previous observations that
IGHy is a well-tolerated and preferred therapy with no reports of
treatment-related SAEs or neutralizing anti-rHuPH20 antibodies.
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Background: Cartilage hair hypoplasia (CHH) is an autosomal re-
cessive chondrodysplasia associated with variable immunodeficien-
cy. Pathogenic defects in RMRP, encoding the untranslated RNA
subunit of ribonucleoprotein endoribonuclease complex (RMRP),
result in reduced mRNA and rRNA cleavage. RMRP c.70A>G is
the most common variant, increased in Finnish and Amish popula-
tions. While cellular immunodeficiency is associated with increased
morbidity and mortality, there is no established correlation between
clinical and immunological phenotype. Lymphocyte radiosensitivity
has not been described.

Case: A full-term Amish female infant had low TREC copies on
newborn SCID screen. Flow cytometry at 3 months-old demonstrat-
ed severe T and B cell lymphopenia (CD3+T-cells 413 cells/mcL,
range: 2,300-6,500 cells/mcl; CD19+B-cells 214 cells/mcL, range:
600-3,000 cells/mcL) with normal NK quantitation (CD16/56+ 340
cells/mcl, range: 100-1,300 cells/mcL) and CD4+ memory T-cell
expansion (33.2%) relative to the naïve subset (67.0%). T-cell func-
tional mitogen responses were normal. She was diagnosed with
CHH with homozygous RMRP c.70A>G mutation. Lymphocyte
subset (T, B and NK cells) radiosensitivity was evaluated by flow
cytometric analysis of phosphorylated (p) ATM, SMC1 and gamma-
H2AX after low-dose (2Gy) irradiation. An increase in gamma-
H2AX level was observed in a subset of non-irradiated T cells
(17.66% v. 1.36% gamma-H2AX+) and NK cells (23.07% v.
1.04% gamma-H2AX+) in the patient, suggestive of a constitutive
defect in DNA repair. The relative distribution of T, B and NK cells
expressing pATM, pSMC1 and gamma-H2AX at 1 hour post-
irradiation (IR) was not significantly different from the experimental
healthy control (EHC) or pediatric reference range (pRR). However,
the kinetics of dephosphorylation at 24 hours post-IR was altered
with residual gamma-H2AX expression in a subset of the patients T
cells (delta 3.84%, mode ratio mean fluorescence intensity
(MFI)=2.58; EHC: delta 0.10%, mode ratio MFI=1.39; pRR: delta
2.16%, mode ratio MFI=2.42). A similar finding was observed in a
subset of patient B-cells for gamma-H2AX (delta 11.35%, mode
ratio MFI=1.48; EHC: delta 0.82%, mode ratio MFI=0.86; pRR:
delta 1.95%, mode ratio MFI=1.19). The frequency of the patient's
lymphocytes with residual gamma-H2AX persistence at 24h post-IR
was prominent, with 8.29% T-cells demonstrating persistence of
gamma-H2AX (compared to 0.82% in the EHC, and 2.60% in the
pRR), and 18.02% B-cells gamma-H2AX+ (compared to 1.80% in
the EHC, and 2.96% in the pRR). There has been lack of follow-up,
but verbal report suggests no significant immunological or infec-
tious concerns at 1 year of age.
Discussion: Lymphocyte radiosensitivity is a novel finding in CHH
with T and B cell lymphopenia. The ability of RMRP to associate
with telomerase reverse transcriptase (TERT) and function as an
RNA-dependent RNA polymerase, yielding distinct silencing RNA
sequences, may underlie radiosensitivity in RMRP mutants.
Systematic characterization of lymphocyte radiosensitivity and im-
munological phenotype could provide useful information on wheth-
er this could serve as a biomarker for the magnitude or complexity
of immunodeficiency. Assessment of radiosensitivity has implications in
conditioning regimen selection for patients requiring allogeneic hemato-
poietic cell transplantation. We recommend lymphocyte radiosensitivity
assessment in CHH infants identified by NBS SCID and CHH patients
with significant immunodeficiency and/or malignancy.
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BACKGROUND: Three children from 2 non-consanguineous families
and different ethnic backgrounds developed lymphoproliferative disease
by 2 years of age. They also had recurrent infections, including pneumo-
nia and bronchiectasis, otitis media, and skin pustules. Immune pheno-
typing revealed low CD4+ T cell percentages, an accumulation of
memory-like CD8+ T cells, impaired T cell proliferation, and low total
NK cell numbers.
METHODS: The affected individuals, unaffected parents, and other un-
affected family members underwent exome sequencing.
RESULTS: All 3 affected cases had rare and bioinformatically damaging
biallelic variants, with appropriate familial segregation, in NCKAP1L,
which encodes Hem1. Hem1 is an essential component of the WAVE2
Regulatory Complex (WRC). Immunoblotting confirmed destabilization
of the WRC in all patients. Immunofluorescence microscopy demonstrated
defective F-actin andWAVE2 localization to immune synapses in NK cells.
Significant abnormalities were identified in patient lymphocyte and neutro-
phil migration and morphology, consistent with altered WRC-mediated
cytoskeletal dynamics. All patients exhibited impaired inside-out integrin
activation. Knockdown of Hem1 produced deficient proliferative responses
and mTORC2-mediated AKT activation in control T cells.
CONCLUSIONS: The immunologic and clinical phenotype in the affect-
ed individuals recapitulates the phenotype observed in Hem1-deficient
mice. Biallelic defects in NCKAP1L therefore result in a novel human
primary immunodeficiency disease characterized by lymphoproliferation
and susceptibility to infections.
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Background: Concurrent existence/significance of immunodeficien-
cy with new onset lymphoprol i fera t ive disease remains
understudied. Just two studies to date have evaluated the prevalence
of hypogammaglobulinemia in chronic lymphocytic leukemia (CLL)
and neither studied prevalence and impact of IgE deficiency on
outcomes in CLL [1, 2]. Therefore, the objective of this study was
to examine the prevalence of hypogammaglobulinemia, examining
all isotypes, in newly diagnosed CLL patients and to test the hy-
pothesis that patients with hypogammaglobulinemia have a distinct
clinical profile and outcome.
Methods: Using the banked sera of 150 newly diagnosed, treatment-
naïve, CLL adult patients from the Lymphoma Molecular
Epidemiology Resource (L-MER), Ig (IgG, IgA, IgM and IgE)
levels were measured. The L-MER was initiated as an observational
cohort study of prospectively enrolled newly diagnosed lymphoma
patients evaluated at the Mayo Clinic (Rochester, MN) and the
University of Iowa (Iowa City, IA) [3]. IgG/A/M levels were mea-
sured using immunoturbidimetric assay whereas the IgE level was
determined using electrochemiluminescence immunoassay. The as-
sociations between Ig deficiencies and clinical factors were evaluat-
ed with Wilcoxon rank sum and chi-squared (Fishers exact, where
appropriate) tests. Cox regression models were used to assess the
effects of clinical variables on overall survival (OS). Time was cal-
culated from biopsy to death due to any cause; patients still alive
were censored at last contact. All tests were two-sided and assessed
for significance at the 5% level using SAS v9.4 (SAS Institute,
Cary, NC).
Results: The mean age (SD) of the selected CLL cohort was 63.8
(11.0) years with a male predominance (69.3%). 96.2% of the pa-
tients were white. With a median follow-up of five years, there were
50 deaths. Hypogammaglobulinemia in newly diagnosed, treatment-
naïve CLL was common in our cohort with 88 (58.7%) patients
having a measurable isotype deficiency. The most common Ig defi-
ciency was IgM (44.0%, 95% CI 35.9-52.3%), followed by IgG
(34.7%, 95% CI 27.1-42.9%), IgE (16.7%, 95% CI 11.1-23.6%)
and IgA (12.0%, 95% CI 7.3-18.3%). Multiple deficiencies in the
same patient were common (Figure 1). IgA and IgE deficiency were
associated with higher Rai stages (grading system for CLL) at pre-
sentation (p<0.01 and 0.04 respectively) as well as with higher white
blood cell counts at presentation (p=0.02 and 0.01 respectively). A
higher proportion of IgA deficient patients needed second treatment
during follow-up (61% compared to 36%, p=0.04). When comparing
predictors of overall survival, higher Rai stage [3-4 vs 0, Hazard
ratio (HR) 2.43, 95% CI 1.08-5.46, p=0.03] and age (HR 1.08,
95% CI 1.05-1.12, p<0.01) correlated with worse overall survival.
Individual immunoglobulin deficiencies did not correlate with over-
all survival.
Conclusions: A significant proportion of treatment-naïve patients
with CLL have underlying Ig deficiencies- both in isolation and a
combination of different isotypes. A deficiency of IgA or IgE was
associated with severe disease at presentation. The underlying
relationship between these two immunologic disorders deserves
further study.
Figure 1. Distribution of immunoglobulin deficiencies among patients
with chronic lymphocytic leukemia (CLL).
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Background: Patients with primary immunodeficiency (PID) have an
increased risk of developing autoimmune diseases, including rheumatoid
arthritis (RA). Management of these patients is challenging as immuno-
modulators can further increase their risk for infections. Additionally,
patients with RA that undergo therapy with drug modifying anti-
rheumatic drugs (DMARDs) may develop a secondary immunodeficien-
cy. There are few studies reviewing the characteristics of patients with a
PID who later develop RA, and no studies have been reported comparing
these patients to those who develop an immunodeficiency after starting
DMARD therapy for RA.
Methods: 65 patients were identified as having inflammatory arthri-
tis and a concomitant immunodeficiency (ID) at our institution be-
tween 1/1/2000-10/03/2017 using ICD-9 and 10 codes. Manual
chart review was performed to confirm and identify the timing of
diagnosis of these disorders. Patients were excluded if either there
was no definitive diagnosis of ID or RA (clinically diagnosed by a

practicing allergist/immunologist and meeting ACR 2010 criteria for
RA with a score of 6 or higher, respectively), or rituximab was
administered prior to diagnosis of ID . Clinical symptoms, treat-
ment, and laboratory data were extracted. Fishers exact test was
used to compare the categorical variables between the groups; t-
test was used to compare the continuous variables.
Results: 10 patients met the inclusion criteria. 5 patients were diagnosed
with an ID and developed RA later in life (group 1), and 5 patients were
diagnosed with RA and subsequently developed a clinically significant
ID (group 2). The mean ages of diagnosis of ID and RA in group 1
patients were 32.0 years (SD ± 26.9) and 42.6 years (SD ± 19.0), respec-
tively. In group 2, the mean age of diagnosis of RAwas 37.8 (SD ± 14.2),
compared to 54.8 years (SD ± 12.7) for the diagnosis of ID. Most patients
in both groups were female (60% in group 1 and 80% in group 2). All
patients in both groups had a humoral ID, including common variable
immunodeficiency (CVID) (40% of group 1 patients), specific antibody
deficiency (SAD) (20% of group 1 and 60% of group 2 patients), and
hypogammaglobulinemia (20% of group 1 and 40% of group 2 patients).
All patients in group 2 were seropositive for rheumatoid factor (RF) or
anti-cyclic citrullinated peptide (anti-CCP), whereas only 20% of patients
in group 1 were positive for RF or anti-CCP (Table 1). Most patients in
both groups were treated with immunoglobulin replacement therapy.
Treatment of RA in both groups was similar, but combination DMARD
therapy was not used in group 1 patients in contrast to group 2 patients.
Conclusions: Our study indicates that even though clinical characteristics
and management are similar in patients with coexisting ID and RA, RF
and anti-CCP are usually negative in patients who develop RA after ID,
possibly due to impaired antibody production in immunodeficient
patients.
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Table 1. Comparison of the clinical and laboratory features of patients
with an immunodeficiency disorder diagnosed prior to development of
rheumatoid arthritis (Group 1) to those diagnosed with an immunodefi-
ciency disoder after diagnosis of rheumatoid arthritis (Group 2)

RA: Rheumatoid arthritis; ID: Immunodeficiency disorder; RF:
Rheumatoid factor; anti-CCP: Cyclic citrullinated peptide antibody
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Introduction/Background: Complement deficiencies are relatively rare,
comprising less than 1% of primary immunodeficiencies. They are associ-
ated with increased risk for infections with encapsulated organisms and
autoimmunity. Of all complement deficiencies, the rarest are defects in
the alternative complement pathway. Properdin deficiency is the most com-
monly described alternative pathway deficiency, with Factor B and Factor
D deficiency more rarely described. Fewer than 5 patients with factor D
deficiency have been reported with all reported cases being children of
consanguineous parents who succumbed to meningococcal sepsis.
Objectives: To describe a case of Factor D deficiency associated with
recurrent respiratory infections with Streptococcus pneumoniae pneumo-
nia with associated lung abscess and empyema.
Methods: Retrospective chart review was conducted. Laboratory investi-
gations included lymphocyte immunophenotyping by flow cytometry,
lymphocyte proliferation to mitogen, quantitative serum immunoglobu-
lins, vaccine titers, complement assays and functional evaluation, and
genetic evaluation by next generation sequencing.
Results: A 2 year old Marshallese male was transferred from an outside
hospital to our facility for further evaluation of worsening pneumonia and

was found to have right-sided pleural effusion and pulmonary abscess in
the right lower lobe. The abscess was drained and was found to be positive
for Streptococcus pneumoniae via polymerase chain reaction. He improved
after chest tube placement and treatment with intravenous antibiotics. His
medical history was significant for recurrent acute otitis media and prior
hospitalization out-of-state for pneumonia with empyema secondary to
Streptococcus pneumoniae, which required chest tube placement and ad-
mission to the pediatric intensive care unit at 18 months of age.
Immunologic work up revealed age-appropriate lymphocyte subpopula-
tions, lymphocyte proliferative responses to mitogens, quantitative immu-
noglobulin levels, pneumococcal/tetanus/diphtheria titers, and CH50 com-
plement assay. AH50 complement assay was decreased to 44 units/mL.
Complement testing was repeated - with normal CH50 and AH50 of 0
units/mL. Further evaluation revealed normal levels of Factors B, H, I
and properdin. Factor D level was 0.12 mcg/mL, and Factor D function
was decreased to 2 units/mL, indicating a diagnosis of Factor D deficiency.
Sequencing of the CFD gene revealed a previously undescribed homozy-
gous deletion (c.721_723del and p.Lys241del). The parents were not agree-
able to personally undergoing genetic evaluation to determine if this was a
de novo mutation. The patient was managed with pneumococcal and me-
ningococcal immunizations, prophylactic amoxicillin and intravenous
gamma globulin (IVIG) without any further infections. Unfortunately, after
two IVIG infusions, he was lost to follow up.
Conclusion: Factor D deficiency is an extremely rare alternative comple-
ment pathway deficiency, described in less than 5 patients. All infections
described thus far have been secondary to Neisseria meningitidis. This case
represents not only a novel mutation in the CFD gene leading to Factor D
deficiency, but also the first description of a patient with Factor D deficiency
developing invasive infection secondary to Streptococcus pneumoniae.
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Background: Viral infections are a significant cause of morbidity
and mortality in patients with primary immunodeficiency disorders
and following hematopoietic stem cell transplantation. Adoptive im-
munotherapy using virus specific T-cells (VSTs) has been shown to
prevent and treat viral infections in immunocompromised hosts.
Human Parainfluenza Virus-3 (HPIV3) is a common cause of severe
respiratory illness in immunocompromised patients and has no ap-
proved antiviral therapies and has not previously been used as a
target for T cell therapeutics.

Group 1
n (%)

Group 2
n (%)

P-value

Sample Size
Demographics

5 (100%) 5 (100%)

Race/Ethnicity

White, not Hispanic 5 (100.0) 5 (100.0) 1.0000

Age at the time of diagnosis
of RA (years)

42.6 ± 19.0 37.8 ± 14.2 0.6964

Age at the time of diagnosis
of ID (years)

32.0 ± 26.9 54.8 ± 12.7 0.1638

Gender 1.0000

Male 2 (40.0) 1 (20.0)

Female 3 (60.0) 4 (80.0)

Deceased 2 (40.0) 1 (20.0) 1.0000

Positive RF 1 (20.0) 4 (80.0) 0.2063

Positive anti-CCP 1 (33.3) 2 (66.7)* 1.0000

Positive RF or anti-CCP 1 (20.0) 4 (80.0) 0.0476
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Objective: The primary aim was to determine whether donor derived
hexaviral specific T-cells are effective in preventing and treating CMV,
EBV, AdV, BK virus, HHV-6, and HPIV3.
Patients and Methods: This was a first in man study where we studied the
antiviral effect in 8 patients who received hexa-valent VSTs after stem
cell transplant on a Phase I trial. Assessment of virus-specific immunity
was measured by IFN-g ELIspot. Viral loads for the primary targeted
viruses were measured at specific time points post VST infusion.
Results: Three patients were treated for active CMVand had resolution of
viremia. Two patients treated for active BK virus had complete resolution
of symptoms and viremia, while one had resolution of hemorrhagic cys-
titis but fluctuating viral loads in the blood and urine. Two patients were
treated prophylactically. One patient did not develop any infections, while
the other developed EBV viremia requiring rituximab. Two patients re-

ceived VSTs under expanded access for emergency treatment 1 patient
was treated disseminated adenoviremia and the second patient was treated
for HPIV3 pneumonia. These critically ill patients demonstrated partial
clinical improvements, but VST persistence was likely hindered by con-
comitant steroid use which resulted in incomplete antiviral responses.
ELISpot showed evidence of antiviral T-cell activity in 3 of 4 evaluable
patients by 3 months post-infusion, with in vivo VST expansion detect-
able in 2 patients.
Conclusions: Preliminary results show that hexaviral specific VSTs are
safe and may be effective in preventing and treating multiple viral infec-
tions. Further studies are warranted to determine if VSTs are effective
against active HPIV3 infections.
Table 1: Demographics and Outcomes for Recipients of Hexaviral
Specific T-cells

CR: complete response (resolution of viral infection); PR: partial re-
sponse; NR: no response
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Introduction: We previously reported that fatigue is increased in common
variable immunodeficiency (CVID). However, in previous studies, fa-
tigue was not defined using validated tools. Our aim from this study is
to identify the prevalence of patient-reported fatigue, using validated
questionnaires, and determine the factors predisposing to fatigue in CVID
Methods: Data from CVID who responded to the IDF 2017 pa-
tient national survey a were analyzed. Fatigue was measured
using the Brief Fatigue Inventory (BFI) questionnaire, which in-
cludes seven items to identify fatigue, and measure fatigue sever-
ity. A total of 555 patients with CVID and responses to BFI were
enrolled. Demographics, co-morbidities, immunoglobulin

replacement therapy (IgGRT) route and dose, co-morbidities, in-
fections, depression, quality of life (QOL) (using the SF-12v2)
and disability were compared between fatigued and non-fatigued.
Logistic regression was used to identify the significant variables.
Results: The overall prevalence of fatigue was 83.24% (437/555),
69.55% of fatigued patients reported having moderate/severe fatigue.
Significant predictors of fatigue were: Asthma (p=0.014), Patients
Current Health status (p<0.001), history of Bronchitis (p=0.002), Sinus
Infections (p<0.001), Pneumonia (p=0.028), Female sex (p<0.001),
Employment Status (employed vs disabled; p<0.001), Household
Income (p<0.001), BMI (p=0.024), abnormal digestive function
(p<0.001), Permanent lung impairment (p<0.002), Recurrent Diarrhea
(p<0.001), Inflammatory Bowel Disease (p=0.022), Depression
(p<0.001), Noticeable wear-off of immunoglobulins (p<0.001), SF-12
Physical Component Score (PCS) (p<0.001), and SF-12 Mental
Component Score (MCS) (p<0.001).
Increased fatigue severity corresponded with significantly lower PCS and
MCS scores. Using a univariate linear regression model for PCS and MCS
score prediction, and the BFI variable (fatigue= none, mild, moderate,
severe) as the independent variable, there was a significant increase in both
PCS and MCS predicted scores as the severity of fatigue decreased
(p<0.001). Improvement of fatigue scores from severe to moderate/mild
predicted improvement in QoL scores, PSC scores by (5.3 and 12.7 points
respectively) and MSC scores (4.9 and 9.9, respectively).
Conclusion: Moderate to severe fatigue is significantly increased in
CVID patients, increased fatigue severity predicts lower PCS and MCS,
and improving fatigue score could lead to improvement in QoL and
patient-reported health outcomes in CVID patients.

Patient # Infections Pre-VSTs Prior antiviral therapy CMV EBV Adv BKV HHV6 HPIV3 Outcome

1 - Cidofovir (CMV
cleared prior to VSTs)

- - - - - - Free of viral infections;
Alive and well

2 CMV, BKV Cidofovir CR - CR CR - - Transient Adv detection post-infusion;
cleared. Alive and well

3 CMV, BKV Ganciclovir, Cidofovir CR - - PR - - BK hemorrhagic cystitis resolved
post-infusion,with fluctuating BK
viremia/viruria.

Alive and well

4 CMV, BKV Cidofovir CR - - CR - - Alive and well

5 (EIND) AdV Cidofovir - - PR - - - Died, veno-occlusive disease

6 - Valacyclovir - NR - - - - EBV reactivation without PTLD,
treated with rituximab. Alive and well.

7 (EIND) HPIV3 - - - - - - PR Transient radiographic improvement
by 1 month.
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Granulomas are the most significant day-to-day problem for CVID pa-
tient management. Currently, there are limited options for their treatment
and the optimal therapy is unknown. In case reports and small series,
Infliximab has been reported effective while others found it useless.
We here describe a 26yo white male referred for monthly IVIG in august
2016. At age 1, he developed large areas of erythematous polymorphic
plaques in his cheeks, arms and legs. A skin biopsy showed tuberculoid
granulomas negative for bacteria, BAAR and fungi, with infiltrating

CD4+ lymphocytes. A prolonged course of steroids did not improve his
skin. He also had multiple pneumonias and bronchiectasis, and oral can-
didiasis. He received all vaccines, including BCG with no complications.
With low immunoglobulins and a poor response to pneumococcal poly-
saccharides and tetanus toxoid he was diagnosed as CVID and placed on
IVIG at 7yo with excellent infectious control since then. At age 8, his skin
lesions persisted and deepened to the bone on his left leg. Broad spectrum
antibiotics for 3 months were unsuccessful. At 16yo to 18yo, skin grafts
were performed on his arms, legs and both cheeks. Two ulcers persisted
on his left leg until August 2018 that increased in size, deepened and
became erythematous and extremely painful (Fig. 1). In September, two
new ulcers appeared on his right cheek and right gluteus, respectively.
One week later a third ulcer was found on his left calf. On September
28th, Infliximab 5mg/kg (300mg) was administered. On the second
Infliximab dose, October 12th, the pain was completely gone and all
ulcers were shrinking, and those ones in the cheek, gluteus and calf
almost completely resolved. By the third dose, on November 23rd the
ulcers in his right leg were almost closed (Fig. 2). Infliximab 300mg
treatment continues every 8 weeks. Lab test remained unchanged from
2016 till 2018, when his wounds got worsened. (Table 1)
Granulomatous disease in CVID is a challenge. Both B and Tcell directed
therapies are encouraged. We add a new case of an Infliximab responsive
patient to others already reported.

Fig 1. Before Infliximab After second dose Infliximab Fig. 2

Table 1

08/2016 08/2017 12/09/2018 20/09/2018 28/09/2018

IgG (600-1600mg/dl) 868 885 928

IgA (70-400mg/dl) 41 31 30

IgM (50-300mg/dl) 9 12 11

IgE (1-100mg/dl) 2 3 4

CD3 % (67-75) 96 98 98

CD4 % (36-46) 47 51 50

CD8 % (31-40) 43 45 44

CD56/CD16 % (10-19) 3 1

CD19 % (11-16) 0 1 1

CD20 % (11-16) 0 1 1

Leucocytes (3700-9500/ul) 4000 3900 4100 3500 3600

Beta2 micro globulin (0.8-2.3mg/l) 4.1 4.3

Sedimentation ((0-15mm) 12 14 28 21 13

C3 (80-160mg/dl) 147 134 177 171 162

C4 (15-45mg/dl) 52 51 50 51 51
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Introduction: Mendelian susceptibility of mycobacterial disease (MSMD)
is characterized by infections caused by weakly virulent mycobacteria in
otherwise healthy individuals. Known genetic etiologies disrupt IFN-
gamma (IFN-g) immunity like IFNGR2. Germline bi-allelic mutations
of IFNGR2 can underlie partial or complete deficiency of IFN-g recep-
tor2 (IFN-gR2). Patients with partial IFN-gR2 deficiencies express dys-
functional molecule on the cell surface. We describe here a novel muta-
tion within the start of IFNGR2 in two siblings born to a consanguineous
parents and their clinical presentation.
Methods: We studied 2 siblings fron one kindred from Turkey by whole-
exom sequencing (WES). Candidate mutation of IFNGR2 was analzed
experimentally.
Conclusion: We describe a novel mutation in both siblings at the first
codon of IFNGR2 that define a new form of partial recessive IFN-gR2
deficiency. The low amounts of full length IFN-gR2 confer a more severe
clinical phenotype in these siblings than that of patients with other forms
of partial recessive IFN-gR2 deficiency due to surface expressed dysfunc-
tional receptors.
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INTRODUCTION: DiGeorge Syndrome (DGS) is a primary immunode-
ficiency characterized by thymic hypoplasia, cardiac defects and hypo-
parathyroidism. Approximately 90% of cases of DGS are due to a chro-
mosomal microdeletion at 22q11.2, however non-genetic etiologies that
have been described in the literature include maternal diabetes, fetal al-
cohol syndrome, and prenatal exposure to isotretinoins.

CASE PRESENTATION: We describe an 8 month-old male born at 38
weeks to a woman with insulin dependent diabetes mellitus. At delivery,
examination revealed microcephaly, small upper lips, small nares and
pyriform aperture stenosis. Chest imaging revealed no thymic tissue,
right-sided rib and spinal anomalies. Renal ultrasound was normal.
Newborn Screen showed critically low levels of TREC. Flow cytometry
confirmed low T-cells: CD4 count 1 cell/ uL, CD8 count 7 cell/uL, CD3
count 8 cells/uL/ <1%, CD19 at 1398 cells/uL/79%. Helper and suppressor
t-cells <1%. CD4/CD8 ratio 0.6. Lymphocyte proliferation to mitogens was
absent to phytohemagglutinin (PHA) and decreased to pokeweed mitogen
(PWM). Calcium and parathyroid hormone were low. Quantitative immuno-
globulins: IGG 488mg/dL, IgA <8mg/dL, IgM 40mg/dL.
DNA microarray for 22q deletion, TBX1 testing, and CHD7 sequencing
was negative. FISH for trisomy 13, 18, 21 was normal. Given the nega-
tive genetics, the cause of DGS in this case is likely maternal diabetes.
Patient has had a complicated course with recent admission for
hypocalcemia requiring IV calcium infusions complicated by acute
liver dysfunction with coagulopathy, MRSA and pseudomonas bac-
teremia, and tube feeding intolerance with abdominal distention and
diarrhea. He was noted to have lymphadenopathy, generalized rash
and eosinophilia, concerning for oligoclonal expansion of T-cells.
Repeat testing showed increased total T cells from 43 cells/uL to
342 cells/uL with an increase in CD4 cells from 21 cells/uL to 293
cells/uL that were 96% memory. Cytokine panel IL2 receptor 1059
pg/ml suggested T-cell activation. EGD and colonoscopy biopsies
showed descending colon and rectum colitis.
DISCUSSION: Maternal diabetes mellitus has been described as a pos-
sible etiology of DGS in several case reports. Infants born to insulin-
dependent diabetic mothers are eight times more likely to have major
malformations than infants of non-diabetic mothers. The cause of these
defects is hypothesized to be from alteration of neural crest migration and
development. Since 10% of DGS are not due to a chromosomal
microdeletion at 22q11.2, it is prudent to consider maternal diabetes
mellitus as an etiology for DGS, especially when the microdeletion is
not found, but clinical presentation is suggestive of DGS.
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Introduction/ Background: Wiskott- Aldrich Syndrome (WAS) is a rare
X- linked disorder characterized by immunodeficiency, thrombocytope-
nia and atopic dermatitis. The phenotype is variable and depends on the
type and location of the mutation in the WAS gene (located on Xp11.23).
The treatment of choice for WAS is hematopoietic stem cell transplant
(HSCT).
Objective: To present a clinical case with a novel genetic mutation caus-
ing WAS.
Results: We describe a now 5 month-old infant who presented at birth
with petechiae and bruising of his legs and abdomen after an elective
cesarean section at 38 weeks gestation. He was found to have severe
neonatal thrombocytopenia based on complete blood count (CBC).
He received a platelet transfusion on day of life (DOL) 1, was
discharged home with stable platelets on DOL 5 but had worsening
thrombocytopenia on DOL 8 requiring re-admission for further work
up (platelet count 40,000). Platelet count reached a nadir of 26,000
on DOL 11. He was initially thought to have neonatal alloimmune
thrombocytopenia. Parental testing showed no platelet abnormalities
or platelet alloantibodies. He re-presented for acute lower GI bleed-
ing on DOL 19. His platelet morphology at that time showed small
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platelets, though previously his platelet size was reportedly normal.
Genetic testing for WAS revealed a variant of unknown significance
(VUS) in the WAS gene (WAS NM_000377.2. Exon 2. C.151GT.
P.VAL51Phe. Hemizygous. VUS. Chr X: g: 48542690G>T). This
mutation, WAS c.151G > T (p. Val51Phe) is a missense variant in
exon 2 which changes an amino acid valine at codon 51 to phenyl-
alanine. This is a region essential for interaction with the WASP
interacting protein (Rajmohan, 2009). This variant has not been re-
ported in the literature as pathogenic and has not been reported as a
known variant in the general population. In silico computational ev-
idence predict the variant to be damaging (Polyphen2, Mutation
Taster, SIFT, HSF). Further immune evaluation was performed.
Flow cytometry revealed a low absolute CD3 count, low absolute
CD4 count, low absolute CD8 count, CD4/CD8 ratio of 5:1, with
normal NK cell count and low absolute CD19 count. His immuno-
globulins were abnormal, with low IgM and elevated IgA with nor-
mal IgG and slightly elevated IgE. WAS protein expression testing
revealed decreased expression of WAS protein on lymphocytes (0.24
ratio, normal range 0.71-1.31). At the time of his initial presentation
to immunology at age 3 months, he had not developed atopic derma-
titis nor any significant infections. However, at 4 months he was
admitted for otitis externa with adjacent facial cellulitis, which
responded to IV antibiotics. During that admission he was given
IVIG and started on Bactrim prophylaxis. He has since developed
significant seborrheic dermatitis skin lesions. Family history was
not significant for immunodeficiency. No known WAS in family, no
consanguinity. Maternal genetic testing was positive for the same
missense mutation in the WAS gene. The patient is currently under-
going stem cell transplantation with a matched sibling donor.
Conclusion: We report a new mutation in the WAS gene that causes a
phenotypic presentation of Wiskott-Aldrich Syndrome.
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Over 20 genes have been reported to cause monogenic CVID.
A 4 year old girl presented with recurrent pneumonias and a diagnosis of
CVID. The parents sought a second opinion. Born at 33weeks gestational
age, she was "always smaller and sicker than her friends," and in the prior
8 months she had 3 episodes of pneumonia with fever to 104F requiring
emergency department treatment. Two of these were associated with RSV
and metapneumovirus, respectively.
Laboratory evaluation confirmed low levels of IgG (326 mg/dL)
IgA (7) and IgM (6), and poor antibody responses to tetanus, Hib,
MMR and VZV antigens. Her response to Pneumovax was marginal
(+12 of 23 serotypes tested) and transient (#2 of 23 after 4 months).
CBC including smear and chemistry panel were normal. Results of
routine lymphocyte subset analysis were normal except for relative-
ly low NK cells (3%). On examination she appeared well. Ht and wt
were at the 20th%iles. There was no evidence of active infection,
hepatosplenomegaly, lymphadenopathy or skin rash. She had a
small VSD noted since birth, and bilateral optic atrophy identified

during routine ophthalmology follow-up for prematurity. Ig replace-
ment was initiated and continues as weekly infusions of SCIG,
maintaining IgG levels over 1000 mg/dL.
At 4.5 years she was hospitalized for pneumonia, and transiently elevated
transaminases (AST 117 U/L, ALT 552) were noted for the first and only
time.
Exome sequencing revealed compound heterozygous, likely pathogenic,
variants limited to the C-terminal domain of the NBAS gene. The product
of this gene is a component of the syntaxin 18 complex that is implicated
in Golgi to ER retrograde transport.
Mutations in NBAS are associated with Infantile Liver Failure Syndrome 2
(ILFS2, OMIM#616483) and Short Stature, Optic Atrophy and Pelger-Huet
Anomaly in neutrophils (SOPH syndrome). Hyopgammaglobulinemia and
low NK cell numbers have been reported in affected patients, and NBAS
deficiency is listed in the IUIS 2017 PID Committee report, but under
"Defects in intrinsic and innate immunity."
Clinical features reported in NBAS deficiency include familial
consanguinity, fever-related recurrent liver crises, short stature
(<3%ile), skeletal dysplasia, cervical instability (small C1-C2)
and retinal dystrophy. To the present the patient has not exhibited
these findings.
Our patient's NBAS variants are being studied for functional validity. A
skin biopsy was performed and fibroblasts cultured for analysis. In con-
trast to our patient's variants that are both in the C-terminal domain, most
reported cases have at least 1 mutation affecting domains further toward
the N-terminus. To the present our patient's fibroblasts do not show a clear
reduction in NBAS protein, and protein interaction partners were not
diminished. Additional studies planned include challenging the fibro-
blasts with elevated temperature to measure any reduction in variant
NBAS expression and function.
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Congenital tuberculosis (CTB) is a rare disease most often associated with
maternal genitourinary (GU) tuberculosis (TB) or disseminated TB. Due to
infertility caused by GU TB, CTB is rarely reported even in endemic
countries. Infants can acquire TB hematogenously via the placenta or um-
bilical vein or by fetal aspiration of infected amniotic fluid. Presenting
symptoms include respiratory distress, fever, hepatosplenomegaly, poor
feeding, lethargy, and low birth weight.
We report a premature female infant conceived via in vitro fertilization
(IVF), whowas born to Indian immigrant parents at 29 weeks of gestation
due to preterm premature rupture of membranes. Maternal history was
significant for pulmonary TB at 9 years of age. She denied abdominal or
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GU symptoms. Infants NICU course was complicated by opacifications
in the right lung and leukocytosis with neutrophil predominance, identi-
fied during evaluation of frequent apnea and bradycardia episodes at 1
month of age. Clinical improvement was noted after treatment with van-
comycin, amikacin and piperacillin-tazobactam; however, leukocytosis
of unknown etiology persisted. At 1.5 months of age she was discharged
to inpatient rehabilitation.
At 3 months of age, she was readmitted for fever and respiratory
distress. During this admission, an immune evaluation was under-
taken due to persistence of symptoms along with unresolved leuko-
cytosis with a peak of 58,000 cells/l with neutrophilia to 42,850
cells/l, and chest CT evidence of progressive multifocal lung disease
worse in the right upper lobe despite empiric treatment with broad-
spectrum antibiotics. Infectious work-up was negative, including
acid-fast bacilli testing from bronchoalveolar lavage. Due to the
pronounced and persistent leukocytosis and neutrophilia, a primary
immune defect was suspected. Immune evaluation included: normal
immunoglobulins (Ig) G, A, and E, elevated IgM, vaccine-specific
antibody titers protective to diphtheria and 9 of 13 Streptococcus
pneumonia strains, mildly elevated T and B cells, a normal flow
cytometry for dihydrorhodamine, myeloperoxidase stain and
glucose-6-phosphate dehydrogenase level, as well as a peripheral
smear with no giant azurophilic granules. Her primary immunode-
ficiency genetic panel was unrevealing. She underwent lung biopsy
via video-assisted thoracoscopic surgery, which showed non-
caseating granulomas and eventual growth of multi-drug-resistant
Mycobacterium tuberculosis (MTB). Upon treatment with an appro-
priately adjusted anti-tuberculosis regimen, she showed rapid clini-
cal and laboratory improvement. Endometrial samples obtained
from mother showed GU TB, confirming the diagnosis of CTB.
The slow-growing nature of MTB that resulted in delayed diag-
nosis, along with the presence of non-caseating granulomas and
persistent neutrophilia, prompted an immune work up that was
completely normal. This case demonstrates the importance of con-
sidering CTB in the differential diagnosis of an infant presenting
with severe lung infection, persistent neutrophilia, suboptimal re-
sponse to broad-spectrum antibiotics and relevant epidemiologic
risk factors. Furthermore, in the setting of appropriate parental
exposures and infertility prompting the use of IVF, maintaining
a high level of suspicion of CTB can aid in earlier diagnosis of
affected neonates.
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Background: Patients with dedicator of cytokinesis 8 (DOCK8) de-
ficiency are prone to severe, recurrent or chronic mucocutaneous
herpes simplex virus (HSV) infections that may develop antiviral
resistance. We present the case of a child with DOCK8 deficiency
and chronic, resistant HSV-1 mucocutaneous infections to illustrate
the potential clinical utility of an investigational viral whole genome
sequencing approach to detecting active and latent HSV resistance
mutations longitudinally.
Methods: We abstracted clinical and laboratory data in a 14 year old boy
with DOCK8 deficiency with repeated viral culture growth of HSV-1.
HSV-1 DNA from seven positive viral culture specimens collected during
2015-2018 were sequenced on an Illumina® MiSeq to >150X depth.
Consensus genomes were called using an established HSV genome pipe-
line, and reads were mapped to the HSV-1 strain reference genome
(NC_001806). Sequence variants were checked against an online data-
base of UL23 (thymidine kinase) and UL30 (DNA polymerase) variants
associated with antiviral resistance.
Results: The patient had low CD4+ T cells (initial 248 cells/mm3),
eosinophilia, elevated IgE (initial 9660 kU/L), severe eczematous
dermatitis, chronic obstructive and interstitial lung disease, growth
delay, and presented with recurrent infections including
Staphylococcus aureus, Candida albicans, JC virus, and HSV-1.
He was receiving prophylaxis with subcutaneous immunoglobulin
G, trimethoprim-sulfamethoxazole, and acyclovir. Family declined
hematopoietic stem cell transplantation. Mucocutaneous HSV-1 in-
fections extensively involved his face, trunk, and extremities with
more severe infections involving his cornea, lips, perineum, scalp,
and periorbital regions. Scalp and periorbital lesions were prolifer-
ative and edematous papules and plaques consistent with HSV
vegetans (Figures 1-2) and confirmed by scalp biopsy. Although
early HSV-1 infections responded to oral or IV acyclovir, clinical
response decreased over time, requiring advancement of therapies to
high-dose acyclovir IV, foscarnet IV, cidofovir IV, topical cidofovir
cream, and/or interferon-alpha with variable clinical response.
Phenotypic testing detected acyclovir resistance in HSV isolated
from four samples while the patient was on acyclovir and no resis-
tance in a sample while not on acyclovir. Phenotypic foscarnet re-
sistance was detected in one sample without prior patient exposure
to foscarnet. Viral whole genome sequencing detected the UL23
variant R176Q (associated with acyclovir resistance) on all speci-
mens, whether on acyclovir or not, and the UL30 variant T821M
(associated with acyclovir and cidofovir resistance) only when on
cidofovir. When phenotypic testing and genome sequencing were
discordant, clinical response appeared to be more consistent with
genome sequencing results.
Conclusions: This patient with DOCK8 deficiency illustrates the
potential severity of chronic, resistant mucocutaneous HSV-1 in-
fection. Viral genome sequencing for antiviral resistance mutations
may provide additional information about the presence of clinical-
ly significant variants, which may result from detecting smaller or
latent HSV-1 sub-populations.
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Introduction: Gain-of-function (GOF) mutations in signal trans-
ducer and activator of transcription 3 (STAT3) cause autosomal
dominant, early-onset autoimmune disease. STAT3 GOF syndrome
is characterized by lymphadenopathy (LAD), hepatosplenomegaly
(HSM), autoimmune cytopenias, hypogammaglobulinemia and
other solid organ autoimmunities, including interstitial lung dis-
ease, enteropathy, endocrinopathy, arthritis, and scleroderma-like
skin changes. We report three children with two different novel
missense STAT3 GOF mutations.
Objectives: To describe novel GOF mutations of STAT3 that expand our
current understanding of the clinical manifestations of the disease.
Methods: Molecular investigation was performed in suspected patients
using whole exome sequencing (WES). The STAT3 mutations caused
GOF were tested using a luciferase assay.
Results: Results of WES identified three children with novel STAT3
mutations at the same amino acid (Table 1). Standardized luciferase assay
confirmed themutations causedGOF in the STAT3 protein. Case#1 was a
15-year-old Caucasian male who initially presented with recurrent otitis
media, persistent HSM, LAD, and hypogammaglobinemia (IgG <170
mg/dL) at 2 years of age. He was diagnosed with common variable
immunodeficiency (CVID) and chronic arthritis when he was 6 and 9
years of age, respectively. Subsequently, he developed hepatitis and re-
current pneumonia with Mycobacterium avium complex (MAC). His
arthritis partially responded to anti-tumor necrosis factor (TNF) agents
and tofacitinib, but did not respond to anti-interleukin-6 treatment. A
combination of anti-TNF inhibitor, tofacitinib, and low dose prednisone
was required to control his arthritis. Case#2was an 18-year-old Caucasian
m a l e w h o i n i t i a l l y d e v e l o p e d t h r o m b o c y t o p e n i a ,
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hypogammaglobulinemia (IgG <110 mg/dL), recurrent otitis media,
pneumonia, Crohn's disease, celiac disease, LAD and failure to thrive at
2 years of age with more recent development of HSM. He required only
immunoglobulin replacement therapy. Case#3 is a 9-year-old Caucasian
male, the half-brother of case#2, who initially presented with recurrent
pleural effusion and bilateral pulmonary infiltrates, HSM, LAD, abdom-
inal distension and ascites at 7 years of age. A transbronchial lung biopsy
revealed chronic eosinophilic pneumonitis. Liver biopsy showed in-
creased eosinophils in the sinusoids with diffuse enlargement of hepato-
cytes, but without hepatitis. Colon biopsy revealed minimal colonic eo-

sinophilia. His pulmonary infiltrates and pleural effusion responded to
prednisone, and he has not required additional treatment for past 1.5
years.
Conclusions: The clinical manifestations of the same genetic variant may
be variable and unpredictable even in the same family. STAT3 GOF
syndrome should be considered in children with multisystem autoim-
mune diseases, LAD, HSM and low switched memory B cells regardless
of presence of hypogammaglobulinemia or history of recurrent
infections.

Table.1 Patient Characteristics
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Background: Patients with primary immune deficiencies characterized by
severe T lymphopenia and/or poor T cell function and patients post-
hematopoietic cell transplantation are at high risk of severe viral infec-
tions. Antiviral medications are expensive, not always effective and as-
sociated with significant toxicity and/or long-term side effects. As such,
there has been increasing interest in the use of donor-derived or third-
party virus-specific Tcells (VSTs), and several studies have demonstrated
efficacy of VSTs generated using various manufacture strategies.
However, in depth immunologic and metabolic characterization of
VSTs has not been reported, limiting correlative investigations into
efficacy.
Methods: EBV-VSTs were generated from apheresis T cells collect-
ed from healthy donors using three methods: (1) stimulation and
expansion with HLA-matched EBV-lymphoblastoid cell lines
(LCLs) purchased from Astarte Biologics or Sigma-Aldrich over a
period of 4 weeks, (2) stimulation with EBV PepTivator from
Miltenyi followed by expansion over 9-12 days with different cyto-
kines, and (3) stimulation with EBV PepTivator followed by isola-
tion of activated cells using the IFN-gamma capture system from
Miltenyi. Immunophenotyping by flow cytometry was performed
using the Miltneyi MACSQuant Analyzer. The NanoString
nCounter system was used to measure gene expression for metabol-
ic pathway analysis, and the Agilent Seahorse XF cell mito stress
test system was used to measure mitochondrial respiration.
Results: EBV-VSTs generated using LCLs or PepTivator plus IL-15 both
resulted in a high percentage of CD8 T cells skewed to the effector mem-
ory and terminal effector memory phenotype with high expression of the

exhaustion markers PD-1, TIM-3, and LAG-3. Conversely, EBV-VSTs
generated using PepTivator plus IL-4 and IL-7 and the IFN-gamma cap-
ture system resulted in a mixed CD4 and CD8 T cell population with a
high number of central memory T cells and lower percentage of cells
positive for PD-1, TIM-3, and LAG-3. Stimulation with PepTivator
followed by expansion with IL-2 resulted in an intermediate
immunophenotype. NanoString results demonstrated upregulation of
the glycolytic pathway in EBV-VSTs stimulated with PepTivator follow-
ed by expansion with IL-2 or IL-15 compared to EBV-VSTs generated
using the other manufacture approaches. The Seahorse mito stress test
demonstrated that the PepTivator plus IL-2 EBV-VSTs had a significantly
lower spare respiratory capacity than other EBV-VSTs and a low extra-
cellular acidification rate despite upregulation of the glycolytic pathway.
The Peptivator plus IL-4 and IL-7 EBV-VSTs had the highest basal ox-
ygen consumption rate, ATP-linked respiration, and extracellular acidifi-
cation rate.
Conclusions: Manufacture of EBV-VSTs using the various approaches
currently employed clinically results in T cell pools with different
immunophenotypes and different metabolic profiles. EBV-VSTs stimu-
lated with PepTivator followed by expansion in IL-4 and IL-7 and EBV-
VSTs isolated using the IFN-gamma capture system have
immunophenotypes and metabolic phenotypes suggestive of potential
greater in vivo persistence, whereas EBV-VSTs expanded in IL-2 and
IL-15 have characteristics correlated with increased effector function.
However, these VSTs are more likely to be short-lived and to have im-
paired metabolic fitness. These phenotypes will enable better correlation
with clinical results and suggest combinatorial approaches depending on
clinical indication.
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Pt Age at onset
(years)

STAT3 GOF
mutation

Class switched
memory
B cells

Infections GI MSK* Lympho-proliferation Other

#1 2 c.1165 A>T
(p.T389S)

<1% Sinusitis, otitis
media,
pneumonia

Hepatitis Chronic
arthritis

LAD, HSM Uveitis

#2 2 c.1165 A>G
(p.T389A)

1% Pneumonia Crohn’s disease None LAD, HSM *ITP, Portal
HTN

#3 7 c.1165 A>G
(p.T389A)

<1% none Abdominal
distensionwith
colonic eosinophilia

None LAD, HSM Chronic
eosinophilic
pneumonitis
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Introduction: Majority of patients with primary immunodeficiencies
(PID) require life-long replacement therapy with immunoglobulins (Ig)
to prevent severe infections and irreversible complications. In addition to
safety and efficacy, tolerability and convenience of administration of Ig
products are essential factors for patients. A new 16.5% Ig preparation
octanorm (Octapharma, Lachen; tradename cutaquig® inNorth America)
has been developed for subcutaneous administration (SCIG) derived from
the established manufacturing process of Octapharmas intravenous Ig
(IVIG) brand octagam®.
Objectives: Primary outcome was assessment of the efficacy of octanorm
in preventing serious bacterial infections. Main secondary endpoints in-
cluded (among others) evaluation of tolerability and safety of octanorm,
the number and rate of other infections, number of days missed at work,
and use of antibiotics.
Methods: A prospective, open-label, non-controlled, single-arm
phase 3 study involving 25 adult patients with PID was conducted
at 5 Russian centers. Patients treated with at least 4 infusions of
IVIG prior to enrollment and with IgG trough levels 5.0 g/L
underwent an 8-week wash-in/wash-out period followed by a 24-
week efficacy period. During the study, patients received weekly
administrations of octanorm at the same monthly dose as during
previous IVIG treatment (monthly IVIG dose divided by 4 for
weekly dose). In total, each patient received 32 SCIG infusions.
Results: Twenty-four patients completed the study. One patient terminat-
ed early (after infusion 7, during wash-in/wash-out phase; personal rea-
sons). Mean age was 35.24 years (range 18-64 years). Fifteen patients
(60%) were female and 10 patients (40%) male.
No serious bacterial infections were recorded. During the efficacy period
a total of 26 non-serious infections was observed in 14 patients.
Seventeen infections in 11 patients were of mild and 9 infections in 5
patients of moderate intensity. The infection rate per person-year was
2.37.
In total 25 patients received 775 infusions of study drug. The average
dose of cutaquig® was 0.11 g/kg/week. During the entire study, 59 sys-
temic adverse events were reported (including 34 infections). Three of
these systemic adverse events were rated as related to study drug, all were
non-serious. There was no serious or significant adverse event nor was
there an adverse event leading to withdrawal. Infusion site reactions were
reported for 15% of infusions.
Serum IgG trough levels were nearly constant during the efficacy period.
Median IgG trough levels were 8.15 g/L at Screening, 9.52 g/L at the end
of wash-in/wash-out period and 10.71 g/L at the Termination Visit. One
patient had a trough level 5g/L at 2 visits during the efficacy period and
the dosing was subsequently adjusted for this patient.
During the primary treatment period 10 patients (41.7%) used antibiotics
in 19 treatment episodes (total of 229 treatment days; range 5-76 days)
and 3 patients had 4 absences from work or school due to infections (total
of 14 days of absence).
Conclusion: This study demonstrated that the new subcutaneous human
normal immunoglobulin 16.5% is well tolerated, safe and effective in
adult patients with PID.
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Background: Children with chronic granulomatous disease (CGD)
are at high risk for fungal infections (especially with Aspergillus
species) and these infections usually have contiguous site involve-
ment. Most patients have pulmonary presentation. Infective endo-
carditis and fungal osteomyelitis of skull are distinctly unusual. We
report one such case.
Case: A 6-year-old boy, born out of a non-consanguineous marriage,
presented with soft tissue swellings of skull for 2 months. His past
history was significant with an episode of pneumonia at 1 year and
recurrent soft tissue swellings all over the body since 1½ years of
age. On examination he was wasted, had signs of micronutrient
deficiency, rickets, pallor, cervical lymphadenopathy and two ab-
scesses, 12x4 cm on right temporo-parietal region and 4x3 cm over
left frontal region. He was also found to have hyperdynamic
precordium with an ejection systolic murmur. Investigations re-
vealed hemoglobin 85g/L; platelet count 7.34x109/L; total leuko-
cyte count 13x109/L(N60/L23/M13/E1); elevated C-reactive pro-
tein( 244 mg/L) and a raised erythrocyte sedimentat ion
rate(104 mm 1sthr). Chest x ray revealed cardiomegaly (cardiotho-
racic ratio 67%) and 2D echocardiography showed vegetation of
6x3 mm over the anterior mitral leaflet suggestive of infective en-
docarditis. Blood and urine cultures were sterile. Culture from pus
over the temporo-parietal abscess showed growth of Aspergillus
fumigatus. Human immunodeficiency virus serology was non-reac-
tive. Immunoglobulin profile revealed elevated IgG 21.20g/L (5.40-
16.10g/L) and IgA 5.66 g/L(0.5-2.4g/L); IgM was 1.63 g/L(0.50-
1.8g/L). In view of strong suspicion of CGD, nitroblue tetrazolium
dye reduction test (NBT) was carried out- it revealed no reduction
and Dihydrorhodamine (DHR) assay showed a low stimulation in-
dex (4.34). Flow cytometry for gp 47 phox and gp 67 phox was
normal and DHR of mother did not reveal X linked carrier state.
Contrast enhanced computerized tomography (CECT) of head
showed osteomyelitis of the calvarial bones. Contrast enhanced
magnetic resonance imaging (CEMRI) brain showed heterogeneous-
ly enchancing soft tissue lesion in the scalp at right fronto-parietal
region and left frontal region with underlying bony destruction sug-
gestive of osteomyelitis. He was given intravenous antimicrobials
(ceftriaxone, gentamycin, cloxacillin, voriconazole). After 6 weeks
of therapy, he showed resolution of findings on MRI brain and a
repeat 2D echocardiography showed significant decrease in size of
mitral leaflet vegetation.
Conclusion: This case highlights a rare presentation of CGD with
infective endocarditis and skull osteomyelitis due to Aspergillus
fumigatus. To the best of our knowledge, this has not been re-
ported previously.

J Clin Immunol (2019) 39 (Suppl 1):S1–S151 S65



(101) Submission ID#601094

Enigmas of IL-12R1 Deficiency: Contemporary of Two Disease,
Mendelian Susceptibility to Mycobacterial Disease and Crohn Disease

Roya Sherkat, MD 1, Razieh Khoshnevisan, MD2, Nioosha Nekoei,
PhD3, Christoph Klein, MD, PhD4, Daniel Kotlarz, MD , PhD5,
Mahdieh Behnam, MSc6, Soodabeh Rostami, PhD7, Majid Yaran,
PhD8, Hamid Tavakoli, MD9, Abbas Rezaei, PhD10

1Associate Prof. ,Head of Acquired Immunodeficiency Research Center,
Acquired Immunodeficiency Research Center, Isfahan University of
Medical Sciences , Isfahan , Iran
2Phd, Acquired Immunodeficiency Research Center, Isfahan University
of Medical Sciences , Isfahan , Iran
3Research Assistant, Acquired Immunodeficiency Research Center,
Isfahan University of Medical Sciences , Isfahan , Iran
4Director, Dr. von Hauner Children's Hospital, University Hospital,
LMU, Munich Germany
5Senior Scientist, Department of Pediatrics Dr. von Hauner Childrens
Hospital, Ludwig- Maximilians-University, Munich, Germany
6Research Assistant, Medical Genetics Laboratory, Alzahra University
Hospital, Isfahan University of Medical Sciences, Isfahan, Iran
7Assistant Prof., Nosocomial Infection Research Center, Isfahan
University of Medical Sciences, Isfahan, Iran.
8Scientist, Acquired Immunodeficiency Research Center, Isfahan
University of Medical Sciences , Isfahan , Iran
9Associate prof., Integrative Functional Gastroenterology Research
Center, Isfahan University of Medical Sciences, Isfahan, Iran
10Prof., Immunology Department, Isfahan University of Medical
Sciences, Isfahan, Iran.

Background: Genetic defect in IL12R1 affect cellular immunity, underlie
Mendelian Susceptibility to Mycobacterial Disease (MSMD) and
Inflammatory bowel disease (IBD) through different pathways.
We present for the first time a patient with IL-12R1 deficiency from a
consanguine family with two different phenotypes. Initially diagnosed as
Crohn's disease prior to the MSMD diagnosis.
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Method andMaterial:Patient was referred to the clinical Immunology and
Allergy clinic at the at Alzahra University Hospital for immunological
and genetic evaluation . Blood samples from patient, his family and
healthy donor controls were collected upon informed consent.
In this study, we investigated effect of IL12R1 mutation in IL-12/IFN-
axis by evaluation of patients whole blood cell response to IL-12 and
IFN-, IL-12R1 expression in PBMCs and T cell blasts. Also Whole-
exome sequencing has been performed.
Result and Discussion: A 26 years old male from consanguine family ,
with history of right sub-axillary BCG lymphadenitis, recurrent mouth
ulcers , chronic diarrhea in childhood and appendectomy at age of 5 was
investigated. Based on his clinical presentation abdominal pain, signifi-
cant weight loss, chronic and bloody diarrhea , endoscopic and patholog-
ical findings treatment for Crohn's disease (CD) was started at the age of
seven . Unfortunately, protracted patient's symptoms ends up to resection
of his colon and colostomy two years later. He was presented with multi
focal osteomyelitis at the age of 13 . Although no bacteria was detected in
PCR and tissue culture of the bone biopsy and the patient was not
responded to antibacterials , he had a dramatic response to empirical anti
mycobacterial treatment and his severe bone pain and lesions were
healed. Even though the bone manifestations were completely controlled,
he continuously was under treatment for his gastrointestinal symptoms.
Genetic analysis was confirmed segregation of homozygous mutation in
3splice site of exon 15 in IL-12R1. Expression of gene was completely
abolished in PBMCs of patient and the surface expression of IL12RB1
was not detectable in T cell derived PBMCs of the patient compared to
healthy control. Furthermore, did not response to IL12 stimulation since
we could not detect increase of INF- after stimulation with Il12 and BCG.
Our patient received BCG vaccination at birth and had BCG lymphade-
nitis as an infant, CD and mycobacterial multifocal osteomyelitis as a
child. Furthermore there are some evidences which indicate the role of
atypical mycobacterial infections as a trigger for CD.
Conclusion:We reported for the first time contemporaryMSMD and IBD
in 26 years old patient, who had impaired IL-12 signaling and abolished
IL12 R1 expression in PBMCs and T cell blast. However, mycobacterial
osteomyelitis is a typical phenotype ofMSMD patients with deficiency in
IFN-R1 or STAT, there were no mycobacterial osteomyelitis reported in
IL-12R1 deficient patients.
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Background: Advanced genetic studies help explain the occurrence of
many undiagnosed, rare conditions. Recently, NBAS variants were identi-
fied as a causative basis of recurrent liver failure in infants (Infantile Liver
Failure Syndrome 2, ILFS2). The NBAS (Neuroblastoma Amplified
Sequence) gene encodes a protein involved in Golgi to ER retrograde
transport. NBAS functions seem to be broad and loss of function variants
in NBAS have been associated with multisystem manifestations.

Case report: A 5y 9m old Chilean male presented to the ER with a three
day history of vomiting, diarrhea and one day of fever (38.3° F). On
examination he was pale, lethargic, and tachycardic. A chemistry profile
revealed markedly elevated liver enzymes, increased bilirubin, and coagu-
lopathy, consistent with the acute hepatic failure (ALT 6291, AST >4000,
total bilirubin 3.49 (2.82 DB), GGT 52, and INR of 2.1). He was hospital-
ized, given Vitamin K, and kept on intravenous fluids, ursodiol, and anti-
pyretics. His liver function improved significantly within 5 days of admis-
sion (ALT was down to 980, AST 45, total bilirubin 1.62). Work-up of
possible etiologies including autoimmunity and infectious hepatitis was
negative. Liver sonogramwas normal, but liver biopsy was consistent with
acute hepatitis with some necrosis. Urine organic acid and plasma amino
acid screens were not consistent with any inherited metabolic disorders.
His parents recalled two previous episodes of liver failure at ages 3 and 4
years. Both were preceded with a mild febrile illness and non-specific
symptoms including fever, coughing, vomiting, diarrhea, lethargy, and
decreased PO intake. These subsequently were followed by jaundice and
marked elevation of liver enzymes. Flu A and adenovirus were identified
as causes of febrile illnesses of the two previous episodes. For this admis-
sion, adenovirus was found in the respiratory secretions and a mild EBV
viremia was also detected. Genetic evaluation in Chile was reportedly
normal. After a literature review we obtained sequencing of NBAS which
revealed two variants: c.2827G>T,p.Glu943* and NBAS c.2951T>G,
p.IIe984Ser. Both variants have been previously reported in patients with
an infantile onset, recurrent liver failure syndrome. His other clinical fea-
tures include developmental and speech delays, failure to thrive, and facial
dysmorphism. He also has a history of recurrent ear infections and has had
3 sets of tympanostomy tubes. Further testing was limited due to the lack of
insurance coverage.
Conclusion: NBAS deficiency is a newly described syndrome of recur-
rent acute liver failure that occurs early in life. Once individuals have
survived to adulthood they do not seem to develop liver failure with
illness. Typically, liver crisis is triggered by a common childhood febrile
illness. The mechanism of disease is thought to be thermal instability of
hepatocytes which improves over time in most cases. However, although
spontaneous recovery can occur following the crises, each episode can be
fatal or result in permanent liver damage required liver transplantation.
Increased awareness of this disease will lead to the early establishment of
the diagnosis. Appropriate and timelymanagement of fever at the onset of
illness can significantly improve outcome in this potentially fatal disease.
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Background: Chronic granulomatous disease (CGD) results from an
inherited, genetically heterogeneous functional defect of phagocytes.
CGD results from defects in different components of NADPH oxidase
enzyme complex. Mutations in the seven structural genes of this complex
(CYBB, CYBA, NCF1, NCF2, NCF4 and Rac1/Rac2 GTPase binding
protein gene) cause CGD.
Methods: All children diagnosed to have CGD between 1998 and
2018 on the basis of abnormal result of nitroblue tetrazolium dye
reduction test (NBT) and Dihydrorhodamine 123 (DHR) assay were
enrolled in the study. Clinical findings, diagnostic tests and out-
comes were recorded from scrutiny of case notes. Assessment of
carrier state of mother and level of gp91phox, p47phox, p67phox ,
p22phox by flow cytometry were done as guiding tools for possible
genetic defects. Mutation analysis was done by gene scan, Sanger
sequencing and next-generation sequencing.
Results: Among 62 patients with CGD, 51 (40 boys; 11 girls) had been
tested proven for mutation. Male female ratio was 3.63:1. Twenty five
(49.1%) patients had X-linked CGD and 26 (50.9%) had autosomal re-
cessive (AR) forms of CGD. Mean age at initial presentation was 2 years
(range 15 days - 10 years), while mean age of diagnosis was 3.5 years
(range 15 days - 20 years). Forty nine percent (25 among 51) children
were diagnosed to have CYBB gene mutation. Sixteen patients (31%)
had NCF1 gene mutation. NCF2 gene defect was detected in 10 patients
(19.6%). There was history of consanguineous marriage in 15% of the
patients.
All children were receiving cotrimoxazole and itraconazole prophylaxis
after being diagnosed with CGD. Thirty three (64.7%) patients recovered
completely from their infections. Two patients needed rib resection due to
locally invasive Aspergillus pneumonia while two patients lost follow up.
Sixteen (32%) children succumbed to their illness despite therapy.
Conclusion: A high proportion of heterogeneity was detected in our co-
hort of CGD. Assessment of mothers carrier status and flow cytometric
evaluation of membrane bound and cytosolic protein component of
NADPH oxidase complex can be assessed to get help for determining
possible mutation. Genetic testing has diagnostic and prognostic impor-
tance for the children with CGD.
References:
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Background: Pre-eclampsia, a pregnancy-specific complication, has
been shown to be associated with Cytomegalovirus (CMV) infec-
tion. CMV specific T-cell response plays the major role in CMV
infection or disease .We explored whether a change in CMV-specific
cell-mediated immunity (CMI) Is related to the development of pre-
eclampsia.
Method: CMV-specific CMI was assessed using CMV-QuantiFERON
(QF-CMV) assay in serum from 35 women with pre-eclampsia as well
as 35 normal pregnancy controls retrospectively. Participants were
matched for gestational age individually. Proportion of reactive results,
mean value of Interferon- level produced in mitogen and antigen tubes
were compared between the cases and controls via Chi-Square, Wilcoxon
rank-sum tests, respectively. Odds ratio (OR) and confidence interval (CI)
were calculated as well.
Result: No significant differences observed between demographic
characteristics of the case and control groups. The QF-CMV assay
turned reactive (QF-CMV [+]) in 22 of 35 of patients (63%) VS. 32
of 35 controls (91.4%) (P = 0.004). Women with pre-eclampsia had
lower mean IFN- levels in antigen tube (1.57 ± 1.79) compared with
normal pregnancy controls (2.40 ± 2.21) (P = 0.028). There was no
statistically significant differences in this value of mitogen tube
between cases (3.53 ± 1.67) and controls (3.53 ± 1.67) (P =
0.209). Women with suppressed CMV-CMI were 6.3 times more
likely to manifest pre-eclampsia (OR= 6.30, 95% CI: 1.60-24.7).
This result even strengthened after adjustment for age, gestational
age and gravidity (OR = 12.86, 95% CI: 2.68-61.6).
Conclusion: Our finding support an association between suppressed
CMV specific CMI and pre-eclampsia.
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Introduction: The triad of susceptibility to infections, auto-inflammation,
and cancer in a patients personal and family history are always suggestive
of an underlying primary immunodeficiency; however, in some cases the
diagnosis might be delayed for years. Furthermore, the results of immu-
nological and inflammatory evaluation can also be affected by ongoing
immunomodulatory therapy initiated by different specialists upon clinical
diagnosis.
Objective: To describe a unique presentation of auto-inflammatory dis-
ease with combined immunodeficiency in an adult patient.
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Case presentation: We report here the case of a 64 year old male, who had
a long history of infections including recurrent sino-pulmonary bacterial
infections starting during childhood, osteomyelitis at 7 years of age, re-
current tonsillitis requiring tonsillectomy at 21 years of age, recurrent
cellulitis, an episode of prostatitis with septicaemia, as well as recurrent
varicella zoster and warts. The patient was also diagnosed with sclerosing
mesentheritis, and Reynauds phenomenon, recurrent oral ulcers, arthritis,
uveitis, autoimmune thyroiditis, lung fibrosis and suffered repeated epi-
sodes of abdominal pain. Furthermore, there is a family history of early
childhood death, multiple soft tissue cancers, Crohns disease, and auto-
immune thyroiditis.
Upon physical examination, the patient had multiple telangiectasia, base-
line erythroderma, and flushing. Immunological evaluation showed lym-
phopenia with significant reduction in both circulating B and T cells,
however, assessment of humoral immunity revealed low IgG and de-
creased IgM with normal IgA levels. At the time of the evaluation he
had been on low dose daily prednisone (7.5mg), colchicine, and metho-
trexate as immuno-modifying therapy.
Genetic evaluation revealed a heterozygous mutation in NOD2 as well as
compound heterozygous mutations in the MEFV gene.
Discussion: Mutations in NOD2 have been described in association with
Blau syndrome a multisystem auto-inflammatory syndrome which may
explain many of the features experienced by our patient. To our surprise
next generation sequencing revealed a second aberration in the MEFV
gene which causes Familiar Mediterranean Fever, another multisystem
auto-inflammatory disease, which might lead to the phenotype observed
in the patient.
Conclusion: This is the first report of genetic lesions in two different
genes leading to a severe course of auto inflammation.
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Monogenic autoinflammatory syndromes (MAIS) are a diverse group of
disorders characterized by primary over-activation of the innate immune
system. Induction of the inflammasome complex by innate immune sen-
sors and increased production of IL-1b are implicated in the pathogenesis
of MAIS. Macrophage activation syndrome (MAS) is a life-threatening
illness defined by acute hyper-inflammation and unopposed cytokine
release. It is considered an acquired condition secondary to infection,
rheumatoid disease or malignancy. The early therapeutic use of IL-1b
inhibition has profoundly improved the prognosis MAS. It has recently
been shown that increased free IL-18 levels in the blood are causatively
linked to the development ofMAS. Significant overlap in clinical presen-
tation and laboratory markers between patients with MAIS and MAS led
us to explore the role of free IL-18 and therapeutic use of IL-1b inhibition
in a patient with CDC42 mutation.
Here, we report the case of an 18 months-old female who presented with
hydrops fetalis in utero, and later developed failure-to-thrive, splenomeg-
aly, anemia, thrombocytopenia, arthralgias, rashes, frequent febrile epi-
sodes and mild facial dysmorphism along with massive increase in CRP,
ESR and ferritin. Whole Exome Sequencing (WES) identified a heterog-
enous likely pathogenic de novo variant in cell division control protein 42
homolog (CDC42) c.563G>A (p.C188Y). CDC42 encodes a small RHO
family GTPase that regulates multiple signaling pathways controlling cell
polarity, migration, endocytosis and cell cycle progression. Single allele
mutations in the CDC42 gene were recently reported to cause
Takenouchi-Kosaki syndrome manifesting with growth retardation, de-
velopmental delay, facial dysmorphism, and thrombocytopenia however
systemic autoinflammation has not been described. CDC42 closely inter-
acts with the Wiskott-Aldrich Syndrome Protein but little is known about
the mechanism underlying immune abnormalities associated with
CDC42 mutations.
Our patient had an inflammamosopathy-like syndrome. Because of sig-
nificant clinical overlap toMAS, wemeasured IL-6, IL-18, free IL-18 and
IL-18 binding protein, all of which were significantly increased. This
increase in free IL-18 heightened her risk of developing MAS. Her IL1-
b level was normal, but an increase in IL-1b is hardly ever detectable in
the serum despite playing a critical role in this type of inflammation.
Indeed, chronic IL-1b excess in the tissues promotes systemic inflamma-
tion and is associated with chronically elevated CRP and ESR. With this
rationale we started the IL-1 receptor antagonist anakinra. Within 48
hours from starting anakinra, the parents observed an increase in appetite,
resolution of arthralgias and improved mobility. Over the course of the
following weeks, fever, anemia, thrombocytopenia and rash disappeared,
the spleen massively decreased in size and the patient started to meet
developmental milestones. CRP, ESR eventually normalized while ferri-
tin and free IL-18 are still trending down.
Conclusions: Significant increase in free IL-18 and extremely encourag-
ing clinical response to therapy with anakinra in a patient with novel
CDC42 mutation suggests a link between MAS and defects in CDC42.
Elucidating the mechanism of inflammasome activation and the drivers of
IL-18 increase in MAS and MAIS more broadly may shed light on novel
therapeutic targets like the use of human recombinant IL-18 binding
protein.
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Introduction: In August 2015 the Clinical Immunology outpatient
clinic was established in the Hospital Universitario del Valle
(HUV) in Cali, Colombia. The clinic evaluate an average of 8 to
10 patients weekly (new and follow up patients). Most of the cases
are referred in the context of Recurrent Infection syndrome, dissem-
inated mycobacterial disease, hypogammaglobulinemia and severe
autoimmune or allergic disease.
Results: The Clinical Immunology outpatient clinic has evaluated 261
patients classified as: Primary Immunodeficiencies (PID)= 64 patients
(25%), Secondary Immunodeficiencies= 14 patients (5%),
Autoimmunity/Rheumatic disease= 49 patients (19%), Severe/
Refractory Allergy= 61 patients (23%) and Infectious diseases with high
suspicious of PID in follow up= 24 patients (9%).
According to the IUIS-2017 classification, 64 patients with confirm Inborn
Errors of Immunity (PID) were diagnosed: I. Immunodeficiencies affect-
ing cellular and humoral immunity 4(6%), II. CID with associated or
syndromic features 10(16%), III. Predominantly Antibody deficiencies
26(41%), V. Congenital defects of phagocyte number, function or both
7(11%), VI. Defects in intrinsic and innate immunity 6(9%), VII. Auto-
inflammatory disorders 7(11%), VIII. Complement deficiencies 2(3%),
IX. Phenocopies of PID 2(3%).The mean age was 16 years with a
Male:Female ratio 34:30. Molecular tests have been done in 14 cases with
8 gene mutation confirmation.
Conclusion: Our Clinical Immunology service constitutes an opportunity
for low income people with public health care insurance in the southwest
of Colombia. The Universidad del Valle and Hospital Universitario del
Valle combine effort has contribute to improve the suspicious, diagnosis
and treatment of patients living with Inborn Errors of Immunityr (PID) as
well as patients with other immune disorders.
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BACKGROUND: Schimke Immuno-Osseous Dysplasia (SIOD) is a
rare, autosomal recessive disease characterized by spondyloepiphyseal
dysplasia, vasculopathy, T-cell immunodeficiency, progressive nephrotic
disease, and increased neoplastic risk. SIOD is caused by homozygous
mutations in the SMARCAL1 gene. SMARCAL1 encodes a DNA-
annealing helicase that functions in gene expression modulation and
maintaining genome integrity at stalled DNA replication forks. Recent
in vitro studies implicate a role for SMARCAL1 in telomere

maintenance; SMARCAL1 is enriched in cells that maintain telomeres
via the alternative lengthening of telomeres pathway and SMARCAL1-
decifient cells demonstrate telomere instability with replication fork col-
lapse and increased telomere-associated DNA damage.[1,2] Telomere
analysis of 4 SIOD patients, including one patient who received a hema-
topoietic stem cell transplant (HSCT) 20 years prior, as well as 5 hetero-
zygous family members revealed significantly shorter telomeres in SIOD
patients compared to heterozygous familymembers and compared to age-
matched, healthy controls.
METHODS: Peripheral blood mononuclear cells were isolated using a
Ficoll-Hypaque density gradient, cryopreserved, then sent to Repeat
Diagnostics in North Vancouver, BC. Telomere length measurements
were performed at a single-cell level using flow-fluorescence in situ hy-
bridization as previously described.[3] Telomere length was measured in
total lymphocytes, naive and memory enriched T cells, B cells, and NK
cells and compared to reference samples from age-matched, healthy
individuals.
RESULTS: Compared to age-matched healthy controls, three SIOD indi-
viduals had mean telomere lengths (MTLs) less than the 1st percentile for
age across all lymphocyte subsets (total lymphocytes, B cells, NK cells,
naïve and memory T cells). In comparison, three unaffected family mem-
bers had normal MTLs (10th percentile< x <90th percentile) across all
subsets, and two unaffected familymembers had lowMTLs (1st< x <10th
percentile) in some subsets. The SIOD individual who received a
matched-sibling HSCT 20 years prior, had normal MTL in NK cells
(10th < x <90th percentile) but low MTLs (1st< x <10th percentile) for
all other subsets.
CONCLUSIONS: These data show that SIOD patients have signifi-
cantly impaired telomere lengths across multiple lymphocyte line-
ages and support a limiting role for SMARCAL1 deficiency in telo-
mere maintenance. In comparison, unaffected family members, het-
erozygous for SMARCAL1 mutations, have mean telomere lengths
that are normal or slightly low for age. This suggests that abnormal-
ly short telomeres are seen in individuals with homozygous but not
heterozygous SMARCAL1 mutations. For the individual who re-
ceived a HSCT, we do not have pre and post-HSCT telomere data,
but these results support obtaining pre and post-HSCT telomere
length analysis in future cases.
Abnormally short telomeres have been linked to widespread perturbation
of gene expression.[4] We hypothesize that SMARCAL1 deficiency, by
the effect of stalled forks and shortened telomeres, leads to perturbation in
the transcriptome of affected tissues. Shortened telomeres may explain
the reduced hematopoietic bone marrow production in SIOD, as bone
marrow failure is a cardinal feature of dyskeratosis congenita, a disorder
of impaired telomere maintenance. Future studies to investigate the role
of telomere maintenance in SIOD include measurement of telomerase
activity in polyclonally activated T cells and transcriptome analysis using
RNA-Seq.
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Background: Yellow fever is a potentially fatal disease for which only
supportive treatment is available. Vaccination is the primary strategy for
prevention of this disease And the vaccine is extremely effective, but
there are a few specific populations where it is contraindicated.
Regarding IgA deficiency (the most frequent primary immunodeficien-
cy), current recommendations in the literature are controversial. There are
no specific studies in this disease, so case series addressing the safety or
possible adverse events after vaccination are essential for decision-
making during epidemic scenarios, as experienced in Brazil in the last

years. In this context, this study aimed to describe adverse events after the
use of the yellow fever vaccine in IgA deficient patients.
Method: a retrospective cross-sectional study was conducted including
IgA deficient patients followed at a specialized pediatric outpatient clinic
between 2017 and 2018. All patients had at least one year of follow-up.
Immunoglobulin levels, antibody response to vaccines and lymphocyte
subset count were evaluated to exclude other immunodeficiencies or the
presence of abnormalities that could contraindicate vaccination.
Demographic data, the presence of infections and comorbidities, use of
immunosuppressive medication and adverse events after vaccine admin-
istration of the vaccine were described.
Results: Thirty-eight patients with IgA deficiency were included in the
study and 18 received the vaccine. Vaccinated patients had a mean age at
the time of the study of 13.7 years (SD ± 3.5y). Six out of the 18 presented
comorbidities: thyroiditis (n=3), type 1 diabetes mellitus (n=1), celiac
disease (n=1) and juvenile rheumatoid arthritis (n=1). All patients were
atopic and only one had recurrent infections in the last year despite the use
of antibiotic prophylaxis. All 18 patients had normal IgG and IgM levels
for their age, positive vaccine responses for measles, rubella and mumps,
and age-appropriate lymphocyte subset count. After 6 months of obser-
vation, no immediate or late adverse events were reported. Among the 20
non-vaccinated patients, only one had a formal contraindication (systemic
erythematosus lupus using immunosuppressive therapy). Five out of the
20 non-vaccinated patients reported being afraid of receiving the vaccine,
7 still intended to receive it and for other 7 patients data regarding vacci-
nation was unavailable.
Conclusion: Despite the small number of patients, the absence of adverse
events in this case series suggests that immunization with yellow fever
vaccine may be safe in IgA deficient patients, excluded other contraindi-
cations. More studies are essential to confirm the safety and help the
decision-making process regarding the vaccine administration for IgA
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deficient patients, especially in this yellow fever outbreak scenario.
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Introduction/Backround: Immunodeficiency, centromeric instability, and
facial anomalies syndrome (ICF) is a rare group of autosomal recessive
disorders involving the triad of hypogammaglobulinemia, centromeric
instability, and facial anomalies. The majority of patients have hypo- or
agammaglobulinemia, but T cell defects have also been reported. We
present the case of a child with ICF-2 who presented with NK deficiency
and ultimately developed an EBV-driven malignancy and was success-
fully treated with bone marrow transplant.
Methods: Whole exome sequencing and NK cell function via 51-Cr cy-
totoxicity assay and phenotyping via flow cytometry were performed at
Baylor College of Medicine and Texas Childrens Hospital. Centromeric
banding studies were performed at University of Pittsburgh Medical
Center.
Results: The female patient presented at 3 months of age with CMV pneu-
monitis and persistent CMV viremia requiring treatment followed by pro-
phylaxis with valgancyclovir. She initially had hypogammaglobulinemia
and low T, B, and NK cells; she had normal TRECs, lymphocyte mitogen
proliferation responses and Zap 70, MHCI and MHCII expression. The
hypogammaglobulinemia and T- and B-cell lymphopenia resolvedwithin 9
months after initial presentation as she clinically improved from her CMV
infection. She was found to have NK cell deficiency on three separate
commercially tested samples. Whole exome sequencing revealed a homo-
zygous variant in ZBTB24 indicative of ICF-2 syndrome that was con-
firmed with Sanger sequencing (c.1492_1493del, p.Q498Vfs). Repeat NK
cell studies confirmed impaired function, and phenotyping showed an in-
crease in CD56-bright and a decrease in CD16-positive cells, suggesting

either impaired transition from immature to mature NK cells or impaired
survival of mature cells. Her karyotype and centromeric banding studies
were normal, as were centromeric instability studies.
She later developed a memory B-cell defect and presented at 34 months
of age with persistent fever, respiratory distress, loss of vaccine titers,
hypogammaglobulinemia and low B and T cells. She was found to have
EBV viremia and an EBER-positive diffuse large B-cell lymphoma in her
right lung. Due to tenuous clinical status, she received rituximab for
treatment of EBV prior to definitive lymphoma diagnosis. She was treat-
ed with chemotherapy per protocol ANHL1131, group B (pre-phase with
COP, courses 1 and 2 with COPADM, and courses 3 and 4 with CYM)
and her course was complicated by seizures attributed to methotrexate
toxicity. She ultimately underwent reduced intensity conditioning with
hydroxyurea, alemtuzumab, fludarabine, mephalan, and thiotepa follow-
ed by a CD-34 selected, HLA-matched, unrelated donor peripheral blood
stem cell transplant. Her early post-transplant course was complicated by
adeno- , EBV, and CMV viremia, all successfully treated with antivirals
and a donor lymphocyte infusion. She is now greater than 8 months post-
transplant, off immunosuppression with 100% donor engraftment, no
evidence of organ toxicity or GVHD, and with excellent immune
reconstitution.
Conclusions: This is the first reported case of impaired NK cell function
and phenotype and EBV-driven malignancy in a patient with ICF-2. This
case expands the phenotype of ICF-2 and suggests that early bone mar-
row transplant should be considered in these children. It also demon-
strates a novel requirement for ZBTB24 in human NK cell maturation
and function.
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Rationale: Common variable immunodeficiency (CVID) is a disorder that
affects the production of immunoglobulins and is associated with devel-
opment of autoimmunity.Multiple mutations have been described that are
associated with CVID, but PLCG2mutations have only been described in
patients with phospholipase C gamma 2 (PLC2) associated antibody de-
ficiency and immune dysregulation (PLAID) and autoinflammatory
PLC2 associated antibody deficiency and immune dysregulation
(APLAID). We present a case of a 44 y/o male CVID patient with recur-
rent upper respiratory tract infections, steroid-dependent autoimmune
thrombocytopenia, low B cell count, hepatosplenomegaly, and restrictive
lung disease. He was found with a variant of unknown significance at the
PLCG2 gene. In contrast to PLAID our patient does not exhibit cold
urticaria.
Method: Case presentation of a CVID patient followed in our clinics.
Patients chart and previous laboratories were reviewed. Sequence analy-
sis and deletion/duplication CVID panel testing was performed using
Invitae©
Discussion: Genetic testing has revolutionized the diagnosis of immune
deficiencies, but variants of unknown significance are being increasingly
reported. In this case, a variant of uncertain significance was identified
which replaces threonine for alanine at codon 829 of the PLCG2 protein.
This codon is located at the SH3 domain, which is part of a region that
provides auto-inhibitory enzymatic functions. PLAID mutations have
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been identified in SH2 domain, but it has been known that both SH2 and
SH3 domains facilitate PLCG association with other proteins. Studies
with deletion of PLCG2 gene have shown functional abnormalities in B
cells, natural killer cells and mast cells. To our knowledge, there has not
been any previous report of a CVID patient with a variant mutation at the
SH3 domain of the PLCG2 gene without being diagnosed as PLAID or
APLAID. Our patient has immunodeficiency, recurrent upper respiratory
tract infections, steroid-dependent recurrent autoimmune thrombocytope-
nia, rheumatoid arthritis, hepatosplenomegaly, early-osteoporosis and re-
strictive lung disease. He does not have cold urticaria as seen in PLAID,
but exhibits autoimmunity not observed in APLAID.
Conclusion: Conclusion: PLCG2 is an important protein in the pathway
of B cell development. A novel mutation in the SH3 domain of the
PLCG2 gene may be associated with the CVID phenotype of low B cells
and autoimmunity. This could lead to a gain-of-function mutation as seen
in PLAID but without early-onset cold urticaria. Functional studies are
required to confirm the significance of this mutation.
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Primary (or Familial) Hemophagocytic lymphohistiocytosis (HLH)
is a rare, life-threatening hyper-inflammatory disease affecting
mainly young children. It is caused by mutations in genes involved
in the granule-dependent cytotoxic pathway, and is characterized by
extreme inflammation and massive tissue infiltration by activated T
cells and macrophages. To this day, hematopoietic stem cell trans-
plantation is the only available curative treatment with a transplant-
related mortality of 30%. Thus, the development of new, more effi-
cient anti-inflammatory treatments would be a significant advance-
ment in the treatment of HLH. Here, we hypothesize that combina-
tion therapies targeting both JAK-dependent and independent cyto-
kines will be more effective than either one alone to reduce the life-
threatening symptoms induced by this pathology.
Using a perforin-deficient mouse model of HLH, we first compared the
effect of targeting individual cytokines with blocking antibodies on the
progression of the disease. We show that blocking IFNg and IL-18, but
not IL-6, significantly reduces the severity of HLH. Targeting the JAK-
STAT signalling pathway with ruxolitinib, a specific inhibitor of JAK1
and JAK2, downstream of IFNg and IL-6, but not IL-18, is similarly
beneficial. More importantly, combination therapies using ruxolitinib
and blocking antibodies to either IFNg or IL-18 show synergistic effects,
further mitigating the progression of the disease. These results suggest
that JAK-dependent and independent cytokines drive the pathogenicity of
HLH in perforin-deficient mice. It further supports that ruxolitinib, al-
though effective in reducing the symptoms of HLH, should be used in
combination with anti-IFNg and/or anti-IL-18 antibodies to prevent HLH
progression. This is particular relevant since the former were recently
approved for the treatment of HLH while the latter (IL-18 binding
proteins) are in clinical trials for IL-18-dependent macrophage activation
syndromes.

This project was supported by funds from the Fondation de Cancérologie
Charles Bruneau and the Canadian Institutes of Health Research.
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Disseminated Pneumocystis jiroveci (PJP) infection is a well described
entity in patients with acquired immunodeficiency syndrome (AIDS).
Despite the increased risk of opportunistic lung infection in patients with
severe T cell dysfunction (e.g. CD40L deficiency) and/or severe CD4 T
cell lymphopenia, we are not aware of any reports of disseminated
Pneumocystis jiroveci infection in non- human immunodeficiency virus
(HIV) patients with primary immunodeficiency (PID).
We report the first case, to our knowledge, of disseminated PJP in a
patient with CVID like/CTLA4 haploinsufficiency. He had been diag-
nosed with common variable immunodeficiency (CVID) in 2009, ap-
proximately eight years prior to being referred to us, and was on intrave-
nous immunoglobulin (IVIG). He was also diagnosed with multilineage
Evans syndrome in 2015. His medical history was also significant for
potential granulomatous lymphocytic interstitial lung disease (GLILD)
(lung biopsy in the remote past with interstitial disease), significant
splenomegaly (29.4 cm), severe portal hypertension, nodular liver disease
(likely nodular regenerative hyperplasia) complicated by anasarca, histo-
ry of chronic diarrhea (potential enteropathy), lymphadenopathy s/p bi-
opsy with nodular lymphoid hyperplasia, and a history of multiple pneu-
monias. In 2017, he had developed disseminated PJP with lung, liver, and
bone involvement. The T2 vertebra PJP invasion was confirmed with a
bone biopsy; Gomori methenamine silver staining and PCR were per-
formed and concluded PJP. He was treated with Trimethoprim sulfameth-
oxazole (TMP-SMX) and steroids, then was continued on TMP-SMX
prophylaxis. Due to his liver damage and his chronic neutropenia,
TMP-SMX was replaced by atovaquone as a secondary prophylaxis for
PJP.
His laboratory studies were significant for an absolute neutrophil count of
1.54 K/uL, absolute lymphocyte count of 0.61 K/uL, hemoglobin of 12.7
g/dL, platelets of 78 K/uL, total bilirubin of 2.3 mg/dL, and LDH of 243
U/L. His HIV PCRwas negative. His infectious workup showed negative
PCR for Epstein Barr virus, Cytomegalovirus, Herpes virus and Hepatitis
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B and C. His stool PCR was negative for norovirus. Flow cytometry
demonstrated almost absent B cells and decreased T cells count; 586
CD3+ T cells, 12 CD20+ cells, 12 CD19+ cells, 181 CD3+CD8+ cells,
392 CD3+CD4+ cells, 15 CD56+CD16+ cells, 19 CD4+CD45RA, and
380 CD4+CD45RO cells. On IVIG, his IgA, IgG and IgM levels were
respectively <8 mg/dL; 995 mg/dL, and IgM 48.4 mg/dL. T-cell receptor
beta chain repertoire analysis showed an oligoclonal distribution. Severe
combined immunodeficiency panel through Ambry genetic testing was
negative as was genetic testing for CD40L deficiency. Given his complex
clinical history, whole exome sequencing was obtained and detected an
autosomal dominant heterozygous missense mutation (C.436G>A) im-
plicated in CTLA-4 haploinsufficiency and previously reported by
Schwab et al.
Our patient is currently undergoing therapy with abatacept (CTLA-4 fu-
sion protein), which has been reported to improve GLILD, splenomegaly
and enteropathy in patients with CTLA-4 haploinsufficiency. He is im-
proving on this regimen. He has met with the Stem Cell transplant team,
but at this point of time, due to his abnormal lung function, his liver
damage and his significant splenomegaly, he is not a good candidate.
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Defects in the NF-B signaling pathway are implicated in the pathogenesis
of several primary immune deficiencies in humans. The clinical features
of these conditions vary significantly, reflecting the complexity of the
pathway, and its broad role in innate and adaptive immune responses,
and the development and differentiation of lymphoid organs.
Here we report the first case of a human PID caused by a homozygous
mutation in NFKBID in a 30 year-old male. He was the second child of
consanguineous parents, and was diagnosed with possible CVID at the
age of 16, after recurrent episodes of pneumococcal pneumonia. However
the clinical features have evolved over time; he developed severe EBV
infection at age 18, causing hepatitis and pancreatitis. At the age of 20, he
presented with an ANCA-negative systemic vasculitis, manifesting as
pulmonary haemorrhage, and acute necrotizing pauci-immune glomeru-
lonephritis. Pulsed methylprednisolone and cyclophosphamide induced
an initial remission, however, relapse a year later led to end-stage renal
failure. He is now dialysis-dependent, and due to the underlying PID, and
chronic CMV viraemia, is not a candidate for renal transplantation.
Genomic DNAwas subjected to whole-exome sequencing. Variants were
filtered using a model of autosomal-recessive inheritance and functional
analysis of primary cells was performed. We identified a novel, homozy-
gous, single-base deletion resulting in a frame-shift, and premature stop in
NFKBID. NFKBID encodes IBNS, a non-classical inhibitor of NF-B
signaling.

At diagnosis the patient had reduced levels of IgG2, IgA and IgM, ele-
vated IgE, with absent humoral immune responses to pneumococcal
polysaccharide vaccine, and an intact response to tetanus. Lymphocyte
numbers were initially within normal reference ranges, albeit with an
increased proportion of CD4+:CD8+ T cells. However, over time there
has been a significant reduction in B cells and CD8+Tcells. CD4+Tcells
demonstrated a skewing towards a central memory phenotype
(CD45RO+/CCR7+), and CD4 T cell proliferative responses to PHA
were comparable to a healthy control. Functional analysis of primary cells
from the proband revealed a complete absence of BNS protein expres-
sion, dysregulated NF-B signaling, and elevated pro-inflammatory cyto-
kine production. The patient is currently receiving a trial of targeted
therapy to modulate the aberrant immune responses.
This novel PID highlights the importance of regulation of NF-B signal-
ling, in orchestrating an appropriate immune response, maintenance of
self-tolerance, and protection against viral pathogens.
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Primary Immunodeficiency diseases (PID) are a heterogeneous group of
conditions with variable clinical features that are frequently associated
with significant diagnostic delay. Accurate diagnosis has significant

J Clin Immunol (2019) 39 (Suppl 1):S1–S151S74



therapeutic benefit and may lead to personalized therapies. We
established the Immunology Flagship of Melbourne Genomics Health
Alliance in Australia to determine the clinical utility of genomic sequenc-
ing for diagnosis and management of individuals with suspected and
confirmed cases of PID.
198 adults and children with suspected or confirmed PID (n=153),
autoinflammatory disease (n=33) and hereditary angioedema (HAE,
n=11) were recruited to the Melbourne Genomics Immunology
Flagship. Whole-exome sequencing (WES) was performed, with targeted
gene analysis. Variant curation and reporting was performed according to
the American Council ofMedical Genetics guidelines. Overall, WES was
diagnostic in 15% (30/198), confirming a preexisting diagnosis in 7%
(14/198), and offering a new or more specific diagnosis in 8% (16/198).
Variants of uncertain significance were identified in a further 28 patients
(14%) in genes known to be associated with their clinical diagnosis, that
warrant further functional validation. In the HAE group, diagnosis was
confirmed in only 5 patients (45%), suggesting that WES may not be the
appropriate technique for genetic diagnosis in this condition. A higher
diagnostic rate was observed for autoinflammatory disorders (20%; 8/40)
compared to PID (12%; 18/146). Of those who received a diagnosis,
immediate changes to patient management and treatment occurred for
17/29 patients (59%), including HSCT for 3 and specific targeted therapy
for 11 (38%) individuals.
We have demonstrated the utility of WES for accurate diagnosis of com-
plex immune diseases, with the potential to change diagnoses, guide
therapeutic intervention and provide opportunities for genetic counseling.
Further longitudinal analysis will determine clinical outcomes and health
economic implications of genomic sequencing for diagnosis andmanage-
ment of immunological conditions in Australia.
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At birth he had neonatal asphyxia and cerebral palsy. At 4 years old
he had presented involuntary movements, left paresis, bilateral hor-
izontal nystagmus. At 8 years of age, he had a right nasal obstruc-
tion. It was resected by otorhinolist and informed by biopsy: inflam-
matory polyp and chronic sinusitis. He has had 3 pneumonias, si-
nusitis and diarrhea.
At the age of 13 years, the ataxia telangiectasia was confirmed by se-
quencing with PCR (62 exons, 91711 bp) of the ATM gene: transition G>
A, nucleotide position 2250, codon 750, affecting splicing. Alpha feto-
protein 572-606.90 U/ml. Brain MRI, say Cerebellar Atrophy.
He had IgG 685 mg / dl - 734 mg / dl, IgA 0.00 mg / dl, <1 mg / dl, IgM
268 mg / dl - 315 mg / dl, IgE 0.10 - <1 IU / ml. Subclasses of IgG: IgG3:
0.05 G / dl, IgG4: 0.04 gr/dl, low. IgG anti hepatitis B 6,22. No serocon-
version. HIV negative TCD3 + lymphocytes: 32,40%, = 553 cells / mm3,
LTCD4 +: 23,78% = 413,21 CEL / mm3, LTCD8 +: 7,69% = 133,5 cells /
mm3, CD4 / CD8: 3.09. For all of the above, common variable immu-
nodeficiency was diagnosed. He receives human immunoglobulin.
At 16, I arrived at this hospital due to fever, respiratory distress and
lymphadenopathy in the neck. CT showed ganglionic conglomerate on
right side neck.
Lymph node biopsy: strong tumors with CD20 and BCL2, weak and
moderate diffuse PAX-5; Negativity with CD68, CD3 and CD10, and a

cell proliferation index with Ki67 of 50%, diagnosis: Diffuse large B cell
lymphoma. Treated with rituximab and chemotherapy. Lymphoma
completely remitted.
Conclusion: the association Ataxia Telangiectasia and lymphoma is fre-
quent. By contrast, CVID and Ataxia Telangiectasia are extraordinarily
rare.
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Introduction: Chronic granulomatous disease (CGD) is a primary immu-
nodeficiencywherein affected patients are susceptible recurrent infections
caused by specific bacteria and fungi as a result of defective NADPH
activity. Additionally, inflammatory complications involving the bowel
and lungs can cause significant morbidity. Currently the only proven
permanent cure to CGD remains hematopoietic stem cell transplant.
Case: A 25-year-old patient was diagnosed in infancy with X-linked
CGD. At age 5yrs he received a nonmyeloablative peripheral blood stem
cell transplant from his 10/10 non-carrier sister as previously reported
(NEJM 344:881, 2001). Conditioning was cyclophosphamide (60mg/kg)
on D-6 and D-7; daily fludarabine (25mg/m2) on D-5 through D-1;
Antithymocyte globulin at 40mg/kg on D-5 through D-2. Post-
transplant immunosuppression consisted of cyclosporine on D-4 through
D+100. He received 7.8x106 CD34+ peripheral blood stem cells which
were T-cell depleted with 1x105 add back of CD3+ cells on Day 0. After
10 days of neutropenia (ANC <500) there were signs of engraftment. Per
protocol, he received donor peripheral-blood lymphocytes containing
2.0x106 CD3+ cells/kg on D+ 30 after transplantation. Since donor T
cells constituted less than 60 percent of his circulating CD3+ T cells and
he had no graft versus-host disease, he received 1.0¬107 CD3+ cells/kg
on D+60. After the discontinuation of cyclosporine, he received a total of
three donor-lymphocyte infusions (1.0¬107 CD3+ cells/kg) at 90-day
intervals achieving 100% T cell and myeloid engraftment at 26 months
post-transplant with no acute nor chronic GvHD. At last follow-up 6
years post-transplant (2004) he had 100% and 98% lymphoid and mye-
loid peripheral chimerisms, respectively. The patient and family declined
further periodic followup. Then, in October 2018 he presented with mal-
aise, cough and fevers. He eventually was found to have a large consol-
idation and a BAL grew Burkholderia cepacia. His DHR showed 12%
activity and peripheral blood myeloid and lymphoid chimerisms were
12% and 60%, respectively.
Discussion: This late graft failure following peripheral blood transplant
occurred following a conditioning regimen which is not the current stan-
dard for transplant in CGD. In the case series in which this patients
transplant is reported (NEJM 2001), another patients myeloid chimerism
fell to 15% by 3 years post-transplant, remaining stable at that level of
chimerism without any serious infections over regular periodic follow up to
the present time. Current regimens typically include busulfan to enhance
engraftment and prevent graft failure. This case reinforces the need for
prolonged monitoring of primary immune deficiency patients after
transplantation.
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Introduction: With the introduction of severe combined immunodeficien-
cy (SCID) newborn screen (NBS) in the state of Kansas in 2017, a case of
complete DiGeorge Syndrome (DGS) was discovered in an infant born to
a diabetic mother with atypical features. This is the first DGS case diag-
nosed after adding the SCID NBS, which emphasizes the need to estab-
lish SCID NBS in all 50 states.
Case presentation: The female infant was born via spontaneous vaginal
delivery at 39 1/7 weeks to a 31 year old G1 now P1 mother. Maternal
history was significant for chronic hypertension, obesity, insulin depen-
dent type 2 diabetes, anxiety, depression, and scoliosis. The infant was
noted to have a left sided abdominal wall defect and hernia, imaging
identifying left renal agenesis, and was initially suspicious for VATER
syndrome. Fortunately, the infant's SCID NBS revealed low T cell recep-
tor excision circles (TRECS). Her initial white blood cell count was 14.1
with an absolute lymphocyte count of 2.679 K/UL. EBV PCR, CMV
PCR, and HIV studies were negative. Chest imaging discovered absent
thymus, abnormal vertebrae with only 10 ribs on the right and 12 ribs on
the left, and abnormally formed thoracic vertebrae (T7). Echocardiogram
detected an atrial septal defect measuring 0.32 cm, possible PFO versus
secundum ASD. Endocrinology was consulted for management of labile
calcium and phosphorus levels. FISH was negative for 22q11.2 deletion.
Microar ray revealed a var iant of unknown signi f icance
arr[GRCh37]2p11.2(86285942_86506132)x3. Sequence analysis of
combined and severe immune deficiency genes showed a variant of un-
certain significance c.544C>A (p.Leu182Met).
Management and Outcome: Additional evaluation included: CD3 67UL
(1700-3600UL), CD4 51UL (1700-2800UL), CD8 19UL (800-1200UL),
CD45RA 14 cells/uL (1100-5200cells/uL), normal CD 19, and CD 16/
56, normal immunoglobulin G level, and normal dihydrorhodamine as-
say. Skeletal survey, CT abdomen and chest, and HLA typing were per-
formed in preparation for thymic transplant.
Discussion: Patients with complete DGS, a form of SCID found in less
than 1 percent of patients with 22qDS, have absent thymus and a T cell
count <3 standard deviations below normal for age (typically <50 naïve
CD3+ Tcells/mm3). In a large series of patients with complete DGS, only
52 percent had an identifiable 22q11.2 deletion [1].
Infants of a diabetic mother have various genetic and syndromic associ-
ations including diabetic embryopathy. [2] Despite the importance of
immunological aspects in pregnancy, few studies have reported on the
cellular immune modifications of diabetic embryopathy. Diabetes during
pregnancy may affect the development of the thymus and thus maturation
of the immune system in the offspring. [3]
The recent addition of a TREC assay to newborn screening can identify
such a subset of infants with atypical presentations. SCID NBS uses an
assay for TRECs, a biomarker of T cell development. [4-6] This initial
presentation now places the immunologist in the role of "first responder"
with regard to diagnosis and management of these patients, who may
present with atypical features. Newer genetic and molecular techniques
now allow for earlier identification of immune defects in such disorders
with life-long clinical concerns. [7]
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Introduction/Background: Goods syndrome is a rare cause of combined
B- and T-cell immunodeficiency occurring in association with a
thymoma. Affected patents are susceptible to bacterial, fungal, viral,
and opportunistic infections. An association with autoimmunity has also
been reported. Current knowledge of Goods syndrome is primarily lim-
ited to case reports and small series.
Objectives: To examine the spectrum of clinical and laboratory features of
a major cohort of Goods syndrome patients in the US.
Methods: We conducted a retrospective analysis of patients with Goods
syndrome in the USIDNET Registry and the Mount Sinai Hospital
(MSH) cohort.
Resu l t s : We iden t i f i ed 20 pa t i en t s w i th thymoma and
hypogammaglobulinemia (USIDNET, n=11; MSH, n=9; median age:
60 years; female: 45%), representing data from 151 patient years. The
median age at diagnosis of thymoma and hypogammaglobulinemia were
52 years (range 31-85), and 50.5 years (range 28-86), respectively. Two
patients were deceased (at age 65 and 70 years, cause unspecified). All
patients had low IgG (median 313mg/dL, range 47-699). IgA and IgM
were reduced in 90% and 45% of patients, respectively. Low CD19+ B
cells (median 0.5/mm^3, range 0-28) were reported in all available re-
cords. The absence of CD19+ B cells was observed up to 21 years post-
thymectomy. A wide range of additional laboratory abnormalities were
identified: low CD4+ T cells (n=5), low CD8+ T cells (n=2), low CD4/
CD8 ratio (n=6), low NK cells (n=6), and absent peripheral eosinophils
(n=8). The most common sites of infections were lower respiratory
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(70%), upper respiratory (55%), and gastrointestinal (35%). In addition,
sepsis (15%), meningoencephalitis (5%), osteomyelitis (5%), and urinary
tract infection (5%) were also observed. Identifiable infectious agents
included: bacteria (35%), virus (35%), fungus (25%), parasites (10%),
and protozoa (5%), with opportunistic infections recorded in 25% of
patients. Opportunistic infections were significantly associated with ab-
solute CD4 lymphopenia (p=0.048, Fishers exact test). Enterovirus was
identified as a previously unreported cause of meningoencephalitis in this
population. Autoimmune manifestations were reported in 45% of pa-
tients, with a higher prevalence of inflammatory colitis (20%) than pre-
viously reported. Hashimoto thyroiditis, fibromyositis, and bronchiolitis
obliterans organizing pneumonia (n=1 each) were identified as previously
unreported autoimmune/inflammatory conditions in this population. A
case of alopecia areata was also observed. Additionally, bronchiectasis
was recorded in 20% of patients. All patients were initiated on immuno-
globulin replacement, with antibiotics prophylaxis in 20%, and immuno-
suppressive medications employed in 10% of patients post diagnosis of
immunodeficiency.
Conclusion: Goods syndrome is a combined immunodeficiency, with a
wide range of autoimmunity in a subset of patients. We expanded upon
the spectrum of associated infectious and inflammatory complications
through a major US cohort. Persistent immune dysregulation was ob-
served up to 2 decades post-thymectomy.
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Introduction: Primary immunodeficiencies (PIDs) constitute a large
group of rare disorders that affect the immune systems function.
Some PID patients develop autoimmunity in addition to having in-
creased susceptibility to infections due to their impaired immunity
[917]. (1)
Case presentation/ Management: A 43 year old Caucasian female with
history of bipolar disorder, Factor V Leiden deficiency, anti thrombin 3
deficiency, pulmonary embolism, endometriosis, and seasonal allergies
was evaluated for Chronic Granulomatous Disease (CGD) in 2007. The
main symptoms were inflammatory breast lesions necessitating 4 surger-
ies on the right breast, and back, facial, genital, ocular, mouth, and scalp
sores. Biopsy with cultures of the wounds was positive for
Corynebacterium, coagulase-negative staphylococcus, enterococcus,
bacteroides species, and Provatella. Neutrophil oxidative burst was or-
dered by the infectious disease specialist and showed normal and abnor-
mal neutrophil populations, a finding consistent with CGD carrier. Patient
was started on Interferon gamma-1b after failing multiple courses of
antibiotics. Her symptoms were well controlled on Interferon gamma-
1b 100mcg/0.5ml SQ every other day, Trimethoprim 100mg tab (2tabs
in am and 1 tab in pm), cefixime 400mg once daily, and topical mupirocin
as needed except for her recurrent genital ulcers. CGD can be rarely
associated with oral ulcers however there is a limited literature describing
associated genital ulcers.
According to the International Study Group diagnostic criteria
published in 1990 (2), the patient was diagnosed by a rheumatol-
ogist as having Behcets disease (BD). There are no pathognomon-
ic laboratory tests in BD; as a result, the diagnosis is made clin-
ically. Patient failed a trial of colchicine and was later started on

Cyclosporine, which resulted in decrease of her mouth and genital
ulcers.
Discussion: BD is a rare disease mostly seen along the Silk Road.
The prevalence has been reported as 0.12 (USA) to 370 (in a single
village, northern Turkey) for 100 000 inhabitants. (3) CGD is a
primary immunodeficiency caused by defects in any of the five
subunits of the NADPH oxidase complex responsible for the respi-
ratory burst in phagocytic leukocytes. Patients with CGD are at
increased risk of life-threatening infections with catalase-positive
bacteria and fungi, and inflammatory complications such as CGD
colitis. (4)
Reports of CGD female carriers with discoid lupus erythematosus, pho-
tosensitivity rashes, and other autoimmune phenomena have been pub-
lished [48,49] (4). To the best of our knowledge, this is the first case to
report BD in an affected CGD carrier.
The treatment of inflammatory disease in patients with CGD poses a
difficult balance between therapeutic immunosuppression and the in-
creased risk of severe infection. (5). High dose intravenous immunoglob-
ulin, and targeted therapies such as CTLA4-Ig for T cell mediated pathol-
ogies, Rituximab for B-cell mediated pathologies, and anti-TNF for IBD,
may be preferable over the broad immunosuppressive activity of gluco-
corticoids. In addition, emerging evidence suggests that hematopoietic
stem cell transplantation has indication for cases that have been difficult
to control using immunosuppression. (1) Given all that, our case empha-
sizes the need to maintain suspicion for autoimmune disorders / immune
dysregulation in patients with PID.
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Introduction: CD40-ligand deficiency is an X-linked combined immuno-
deficiency, characterized by susceptibility to infection, often with associ-
ated neutropenia, malignancy, and autoimmunity. Central nervous system
(CNS) manifestations are less commonly reported than respiratory or
gastrointestinal complications, but are most often attributed to infection.
Herein we describe a challenging case of gradual onset episodic memory
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loss, confusion, and unilateral hemiplegia in a young male with CD40-
ligand deficiency.
Case Presentation: The patient is a 13-year-old male with CD40-ligand
deficiency on immunoglobulin replacement therapy presenting with re-
current, episodic altered mental status (AMS) and gradual neurocognitive
decline. Initial neurologic symptoms began at age 11 years, and included
fever, nausea, and eyelid fluttering. Initial comprehensive infectious
workup at this time, including blood and urine cultures, Lyme antibody,
serum PCR for HSV, CMV, EBV, respiratory viral PCR including atyp-
ical viruses, CSF studies including culture, Lyme EIA, PCRs for entero-
v i r u s , VZV, EBV, CMV, HSV1 / 2 we r e u n r e v e a l i n g .
Electroencephalogram (EEG) and MRI displayed generalized slowing
and global atrophy, respectively. Definitive diagnosis was not made.
The patient continued to decline with worsening developmental delay
and memory loss. One year later, at age 12 years, he had a recurrent
episode of AMS with repeat negative infectious workup including blood
and urine cultures, respiratory virus PCR including atypical viruses, CSF
culture including acid fast bacillus and fungi, cryptococcal antigen, viral
encephalitis panel by PCR, and serum PCR for EBVand HHV-6. EEG at
this time showed left hemispheric epileptogenic potential, consistent with
seizure activity.
His presentation, at age 13 years, was notable for right-sided hemiplegia
with facial numbness, dysarthria, nausea, and fever. He was found to have
anello virus on PCR of CSF, abnormal left temporal region on EEG, and
global atrophy with stable, diffuse generalized volume loss on MRI. He
was diagnosed with occult anello virus-induced encephalitis with hemi-
plegic migraine and discharged on valproate.
Discussion: Here we present the first reported case of Anello virus de-
tected by PCR in a CD40-ligand deficient male with neurocognitive man-
ifestations, attributed primarily to hemiplegic migraine. Given the anello
virus prevalence and relatively avirulent character, it is presumed to be
unlikely culprit for encephalitis; however, the significance of this finding
is as yet unknown. This case highlights diagnostic challenges in immu-
nodeficiency: infection may go undetected by standard diagnostic tech-
niques; however, the significance of infections identified with advanced
techniques may not yet be understood.
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Background: Henoch-Shönlein purpura (HSP) is an IgA-mediated
small vessel vasculitis that presents with a tetrad of abdominal pain,
arthritis, glomerulonephritis, and purpura. HSP is typically a self-
limiting disease of childhood following a viral illness. There is no
universal treatment for patients with chronic or recurrent HSP. We
report a chronic refractory case of HSP that was successfully treated
with a tumor necrosis factor inhibitor (TNFi), Etanercept. Etanercept
functions as recombinant protein that consists of a TNF-alpha re-
ceptor ligand-binding region that links to the Fc portion of human
IgG. It is currently approved for use in 5 diseases: juvenile rheuma-
toid arthritis, rheumatoid arthritis, ankylosing spondylitis, plaque
psoriasis, psoriatic arthritis. TNFi are categorized into two broad
categories, recombinant receptors (etanercept) and neutralizing anti-
bodies (ex. infliximab and adalimumab). There have been prior case
reports of HSP associated with TNFi agents during the treatment of
other autoimmune conditions in the adult population. To our knowl-
edge, there have been 3 prior etanercept related HSP reports, one
report associated with adalimumab, and one with infliximab.
However, there has been no prior report of etanercept use success-
fully treating chronic refractory HSP.

Case Presentation: A 16-year-old Native American male with 3
year history of chronic HSP, HLA-B27 positive, and enthesitis
related arthritis who was initially treated with steroids,
sulfasalazine and methotrexate for symptoms of joint pain and
purpura. His IgA level was 545 mg/dL prior to therapy. Despite
treatment for one month of steroids, eight months of sulfasalazine
exclusively and eight months of methotrexate and sulfasalazine,
he continued to have persistent purpura on bilateral extremities
without improvement. He was subsequently initiated on
Etanercept 50mg weekly and methotrexate was discontinued.
Approximately one month later, his rash significantly improved.
His rash and joint pain recurs when he misses a dose of
Etanercept. Punch biopsies were taken 3 months after initiation
of etanercept. The biopsies of a lesion from his left arm showed
early leukocytoclastic vasculitis and from his left leg showed
weak granular deposition of IgA, IgM and C3 within vessel walls.
There is controversy whether this is a true IgA vasculitis.
However, we believe that his clinical presentation and the depo-
sition of IgA and C3 within blood vessel walls seen on biopsy
correlates with chronic Henoch-Shönlein purpura.
Conclusion: There is no standard treatment of chronic HSP, but
there are reports of benefit with NSAID and corticosteroids. Per
our literature review, there are no prior reports of Etanercept use
in the treatment of chronic HSP. TNF inhibitor, Etanercept should
be considered as a treatment for chronic refractory HSP in the pe-
diatric population as it has showed rapid resolution of purpura in
this case report. Further studies of Etanercept in the treatment of
chronic HSP should be conducted given the controversial literature
of anti-TNF ab induced HSP during the treatment of other autoim-
mune diseases.
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BACKGROUND: Hereditary hemochromatosis (HH) is one of the most
common inherited disorders in people of northern European descent. HH
patients are at risk for a number of infections including invasive fungal
sinus infections. Although clinical manifestations of iron overload appear
to be quite uncommon in patients who are heterozygous carriers of HFA
mutation, we present cases that appear to suggest an increased risk non
allergic rhino-sinusitis.
CASE REPORT: We present a 66 year old gentleman with perennial
colored rhinorrhea, with facial pressure and tenderness, constant post
nasal drip, dry cough and bilateral congestion that had been going on
for the past several years. He also had a frequent urge to clear his throat
and had frequent episodes of sore throat despite having no history of
GERD or LPR.
He reported to have multiple sinus infections every year that
would progress to pneumonia and eventually require long courses
of oral antibiotics. All started in his 40s intensified in the recent
past. He had 3 other siblings; one died in his 40s due to liver
complications of HH and had a carrier sister and brother with a
hx of sino nasal problems exactly similar to the patients. His
exam was remarkable for bilateral narrowed nasal passages and
moderate edema of the mucosa. His rhinolaryngoscopy showed
significant edema and purulent drainage, most notably from bilat-
eral middle meati.
His skin test was negative. His CBC showed a WBC count of 6.7/ml
with 2% eosinophils and his immunoglobulin panel showed an IgA
of 236 mg/dl, IgG of 1190 mg/dl and IgE of 31 mg/dl. Patient was
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placed on Alkalol sinus rinses and Azelastine nasal spray, which he
reported to work pretty well. He left for Costa Rica and is expected
to return back with his siblings to A&I clinic in the coming months.
DISCUSSION: HH is one of the most common inherited disorders
in people of northern European descent with an incidence of 1:200
and carrier rate of 1:10.. Most affected HH patients are homozygous
for the mutation designated C282Y at the HFE gene located at the
6th chromosome. Unlike hereditary hemochromatosis, clinical man-
ifestations of iron overload appear to be quite uncommon in patients
who are heterozygous carriers. HH patients are at risk for a number
of infections with bacteria whose virulence is increased in the pres-
ence of excess tissue iron. HH is also a risk factor for acute fulmi-
nant FRS . Here the mechanism is postulated to be due to quantita-
tive or qualitative neutrophil defects as this condition is mostly seen
in patients with DM, aplastic anemia, and can happen in patients
undergoing antineoplastic chemotherapy. No known increased sus-
ceptibility for infections through either mechanism is postulated for
patients with the heterozygous carrier state. Here we present 3 HH
carrier patients who present with recurrent rhinosinusitis with no
allergen sensitizations and normal IgE levels. Since most fungal
immunity is at the tissue level and is cytokine driven, it can be
speculated that increased tissue levels of iron might interfere with
mechanisms of innate immunity.
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Background: Dedicator of cytokinesis 8 (DOCK8) mutations are associ-
ated with a combined immunodeficiency disorder marked by atopic fea-
tures, infectious susceptibility with a striking preponderance of cutaneous
viral disease, and a risk for the development of malignancy including
lymphoma. Almost all cases can be diagnosed by documentation of the
loss of DOCK8 protein expression.
Methods: We describe a 22-year-old male with a diagnosis of pre-B cell
acute lymphoblastic leukemia (ALL) followed by Epstein-Barr Virus
(EBV) associated diffuse large B cell lymphoma (DLBCL). Compound
heterozygous mutations in DOCK8were documented following the com-
pletion of whole exome sequencing (WES). The pathogenicity of the
variants was assessed. Flow cytometric quantification of intracellular
DOCK8 protein was completed. DOCK8 protein function was assessed
by evaluating the morphology of patient lymphocytes when migrating in
a 3D collagen matrix.
Results: A concern for a primary immunodeficiency was raised due
to a history of recurrent otitis media which began at 12 months of

age. By 4 years of age, numerous warts were noted on his fingers;
however, they were transient for a duration of only 2 years. No
atopic features were appreciated. At 15 years of age, a diagnosis
of pre-B cell ALL was made. During ALL therapy, infectious com-
plications were severe including an intestinal perforation, osteomy-
elitis, and sepsis. At 22 years of age, still in an ongoing remission
from his ALL, an incidental finding of a lung nodule led to a diag-
nosis of EBV-associated DLBCL. During therapy, however, infec-
tious complications were again severe including a soft tissue infec-
tion and sepsis. WES was performed and compound heterozygous
mutations in DOCK8 (c.1128_1132del and c.4474-1G>C) were doc-
umented. Flow cytometric quantification of intracellular DOCK8
protein was normal when compared to a normal control.
Nevertheless, additional functional assessment of DOCK8 protein
was completed. When migrating through a 3D collagen matrix,
45% of the patient lymphocytes studied demonstrated abnormal
elongation (stretch ratio > 8 defined by length/width) compared with
10% of lymphocytes from a normal control. He is being evaluated
for hematopoietic stem cell transplant.
Conclusion: Autosomal recessive mutations in DOCK8 are a rare cause
of a combined immunodeficiency marked by atopic features, infectious
susceptibility with a striking preponderance of cutaneous viral disease,
and a risk for the development of malignancy including lymphoma. Here,
pre-B cell ALL followed by the development of a subsequent malignant
neoplasm (EBV-associated DLBCL) led to the discovery of DOCK8
deficiency. Hence, as our case underscores, for rare instances of high
clinical suspicion despite normal DOCK8 protein expression, additional
functional testing is crucial to make a definitive diagnosis and plan treat-
ment. Understanding the spectrum of DOCK8 mutants and their pheno-
types will improve our understanding of DOCK8 deficiency.
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Background: Autosomal dominant hyperimmunoglobulin E syndrome
(AD-HIES) is a rare primary immunodeficiency caused by heterozygous
loss-of-function mutations in the signal transducer and activator of tran-
scription 3 (STAT3) gene. AD-HIES classically characterized by recur-
rent cold Staphylococcal abscesses, pneumonia, eczema, and an elevation
of IgE level. Other additional clinical manifestations of HIES have been
recognized including skeletal dysplasia (scoliosis, pathologic fractures,
delayed dental deciduation), pneumatoceles, coronary-artery aneurysms,
brain lesions, and Chiari malformations.
Objective: To describe a unique case of abdominal abscesses in a patient
with AD-HIES.
Method: A 22-year-old female with known AD-HIES (C.1144
C>T (p.Arg382Trp)) and a complicated history of early
Pneumococcal pneumonia and meningococcemia resulting in bilat-
eral amputation below the knees along with loss of several digits,
presented for evaluation of skin infection. She had a history of
recurrent Staphylococcal skin abscesses and presented with inabil-
ity to use her prostheses due to pain from inflammation around
her amputation sites. She underwent imaging and was found to
have bilateral extremity abscesses with an associated osteomyelitis
of her L tibia (which was found to be MRSA after incision and
drainage). While receiving intravenous antibiotics for her
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osteomyelitis, she developed intractable abdominal pain. Imaging
showed a thick-walled, multi-septated, paranephric abscess as well
as several smaller abscesses scattered throughout her abdomen.
She underwent multiple drain placements and drainage of retro-
peritoneal fluid collections via interventional radiology (IR).
Purulent fluid from the abdominal abscess drainage grew
MRSA. The patient continued to have re-accumulation of abscess-
es despite multiple drainages. Repeat imaging noted increased
paranephric abscesses which were not communicating with drains.
Given lack of response to several IR-placed abdominal drains and
to 6 weeks of intravenous antibiotics, she had an open surgical
washout with minimal improvement. Hospital course was further
complicated by development of a left lower lung lobe consolida-
tion and sub-segmental pulmonary embolism necessitating treat-
ment with heparin. Finally, after several weeks of escalating anti-
microbial therapy and with additional drain placements, the retro-
peritoneal abscesses started to recede. Repeat abdominal imaging
several months later while asymptomatic revealed slow but con-
tinuing resolution of the abscesses.
Conclusion: The present case raises awareness of an unusual location for
infection in a patient with AD-HIES. Although the majority of complica-
tions of AD-HIES are sinopulmonary and skin infections, recalcitrant
intra-abdominal abscesses should be considered in the differential of in-
fections in HIES.
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Introduction/Background: The recent epidemiologic studies have re-
vealed that primary immunodeficiencies (PIDs) are more common than
previously thought. However, there are very few data on epidemiology of
PIDs in Korea.
Objectives: We attempted to estimate the PID epidemiology and disease
burden in Korea and provide the background information for PID registry
for future.
Methods: To review the previously reported scientific studies, PubMed,
KoreanMed, Google Scholar were searched. Any studies on PIDs report-
ed in scientific journal (Korean or International) from January 2001 to
November 2018 were searched. Both Korean and English reports were
searched. Diagnosis for PID was categorized from group I to group XI
according to 2017 IUIS Phenotypic Classification. Study period was di-
vided into two periods: period 1 from 2001 to 2005 and period 2 from
2006 to 2018, because there was a multicenter study to estimate PID
epidemiology from 2001 to 2005. In addition, the number of PID patients
and the cost for care were estimated among patients who requested reim-
bursement to Health Insurance Review and Assessment Service (HIRA)
Korea for one year in 2017.
Results: A total of 334 PID patients were identified in 75 reports. One
hundred and ninety-nine patients (20 reports) and 135 patients (55 re-
ports) were found in period 1 and period 2, respectively. The PIDs were
reported in 11 patients for immunodeficiencies affecting cellular and hu-
moral immunity, 23 patients for combined immunodeficiency with asso-
ciated or syndromic features, 143 patients for predominantly antibody

deficiencies, 33 patients for diseases of immune dysregulation, 113 pa-
tients for congenital defects of phagocyte, 1 patient for defects in intrinsic
and innate immunity, 4 patients for auto-inflammatory disorders, 6 pa-
tients for complement deficiencies, and none for phenocopies of PID.
From HIRA reimbursement data, the number of PID patients were 42 for
combined immunodeficiency, 486 for predominantly antibody defi-
ciency, 47 for common variable immunodeficiency, 135 for functional
defect of neutrophils, 238 for immunodeficiency associated with other
major defects, 272 for other immunodeficiencies. A total of 1,220 PID
patients were treated for 14,316 days and $3,351,678 was reimbursed
in 2017.
Conclusions: We performed a systematic review on published studies for
PID in medical journals and national open data system of HIRA to esti-
mate the PID disease burden for the first time in Korea. To obtain more
information on true PID epidemiology and disease burden in Korea, a
national multicenter study for PID registry is required in the future.
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Micro-thrombocytopenia is one of the most serious challenges for
Wiskott-Aldrich Syndrome (WAS) and X-linked Thrombocytopenia
(XLT) patients. Thrombocytopenia leads to severe, potentially life-threat-
ening, bleeding episodes, which require frequent transfusions and account
for 23% of deaths in patients experiencing WAS mutations.
The gold standard treatment for WAS patients is hematopoietic stem cell
transplantation (HSCT) from an HLA-identical donor but more recently a
number of gene therapy (GT) trials in Europe and USA showed promis-
ing results. In particular, it has been shown that WAS patients receiving
lentiviral mediated GT, consisting of autologous CD34+ cells transduced
with lentiviral vector encoding the humanWAS gene under the control of
the endogenous promoter, in combination with a reduced intensity con-
ditioning regimen, have a significant increase in platelet (PLT) counts.
Even though PLT counts do not reach normal levels, treated patients
decreased the severity and frequency of bleedings.
Here, in a cohort of 4 XLT and 16 WAS patients, fifteen treated with GT,
the PLT phenotype and function were analyzed by electron microscopy,
flow cytometry and proteomic profile. The aim of the project is to assess
the presence of PLT defects in WAS untreated patients and the impact of
GT treatment on the correction of PLT behavior.
We demonstrate that PLTs of untreatedWAS patients have reduced size and
abnormal ultrastructure along with hyperactivated phenotype at steady
state, showing increased expression of CD62P, activated IIb3 integrin and
CD40L; conversely, activation response to agonist and aggregation capac-
ity are both decreased. Analyzing PLT samples isolated from treated pa-
tients, we found that GT restores PLTsize and ultrastructure very early after
treatment and reduces the hyperactivated phenotype proportionally toWAS
protein (WASp) expression and follow-up length. PLTs isolated from GT
treated patients showed a normal activation response to agonists and re-
stored aggregation capacity in 5 out of 7 analysed patients.
By proteomics, various protein pathways were found downregulated in un-
treated PLT samples, mainly involving cytoskeletal-rearrangement proteins,
integrins, signal transduction molecules, vesicles-transport proteins; addition-
ally, decreased metabolic capacity were observed. These results are in line
with the functional defects observed in PLTs in terms of activation and ag-
gregation. Conversely, the expression of protein-pathways found downregu-
lated in untreated patients is comparable to healthy controls inGT-treated PLT
samples, reflecting the amelioration of PLT phenotype and function.
Overall, our study highlights the coexistence of multiple defects in the
activation and aggregation responses occurring in WAS patient PLTs in
absence of WASp. GT was able to normalize the PLT proteomic profile
followed by consequent restoration of PLT ultrastructure and phenotype,
suggesting GT is responsible for the observed reduction of bleeding ep-
isodes in treated patients.
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Introduction: PIK3CD is an autosomal dominant genetic disorder of the
immune system that results in persistent activation of PI3K. Signaling
through PI3K is essential for immune cell regulation of metabolism,
migration, proliferation and differentiation, leading patient to present with
lymphadenopathy, immunodeficiency and senescent T cells. The mutated
protein causes T cells to over activate and mature too quickly leading to
their death, this over activation also blocks the maturation of B cells.
Case presentation: A 51-year-old female with a childhood history of
failure to thrive, asthma, chronic rhinitis and Common variable
Immunodeficiency on intravenous immunoglobulin replacement, was
seen in immunology clinic to establish care. She reported frequent epi-
sodes of pneumonia and bronchitis in her childhood. Her family history
was significant for family members with leukopenia, but no diagnosed
immunodeficiency. Patient had 1 son who did not report symptoms
concerning for immunodeficiency. Physical exam was within normal
limits with no lymphadenopathy.
Laboratory examinations exhibited normal IgA (185 mg/dL), IgG (800
mg/dL), and IgM (100 mg/dL). While flow cytometry showed normal
absolute CD3 687 (570-2400 cells/uL), CD4 (540 cells/uL), NK Cells
(151 cells/uL), CD19 (179 cells/uL), CD45RA (160 cells/uL), CD45RO
(311 cells/uL), CD2 (757 cells/uL), and HLA-DR (173 cells/uL),
nonswitched memory cells (9 cell/uL) and class-switched memory cells:
(15 cells/uL). (4-62 cells/uL). Vaccine response was not pursued as pa-
tient had been on IVIG. Genetic testing was pursued, and revealed a
mutation in PIK3CD gene, specifically a mutation in the c.2320G>A;
p.Val774Met variant (rs370932461). This mutation though seen in data-
bases, is not currently reported in medical literature as associated with this
condition. Based on these, CT chest was ordered to screen for bronchiec-
tasis, adenopathy and lymphoma. CT showed no cardiopulmonary dis-
ease or adenopathy, but did show an incidental adrenal mass which is now
being worked up. While the pattern of inheritance of this mutation is
autosomal dominant, her son is asymptomatic and testing of her son has
not been pursued, though it was advised for her cousins given history of
leukopenia. Patient has continued on IgG replacement therapy.
Conclusion: Recent publication by the Clinical Immunology Society sug-
gests consideration for next generation sequencing when it can affect
future family planning or it has treatment and prognostic implications.
This case highlights all aspects of the importance of genetic testing as part
of the diagnosis of CVID, since it can affect progeny, it offers the possi-
bility of treatment with immune modulating agents and has implications
on screening, since patients are at increased risk for malignancies.
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Background: Abnormal V(D) J recombination activity in patients with
mutations in the Recombination-Activating Genes 1 and 2 (RAG1/2) re-
sults in markedly reduced usage of distal Vand J genes at the Tcell receptor
alpha (TRA) locus. Mucosa-associated invariant T (MAIT) cells express a
semi-invariant T cell receptor containing the distal TRAV1-2 gene. MAIT
cells can be identified by flow cytometry using a mAb directed against
Valpha 7.2, which recognizes the product of the TRAV1-2 gene. By
performing high throughput sequencing (HTS) of TRA rearrangements
and flow cytometry, we have confirmed lack of T cells using distal
Valpha genes in patients with known RAG mutations. We now report that
flow cytometry with mAb against Valpha 7.2 successfully identified RAG
deficiency in two patients with an atypical presentation.
Methods: TRA rearrangements were analyzed by HTS using gDNA from
sorted Tcell subsets fromRAG-mutated patients and healthy donors. Distal

Valpha usage was measured in whole blood by flow cytometric analysis
with an anti-Valpha 7.2 antibody. RAGmutations were detected by Sanger
sequencing. Patients were enrolled in NIAID protocol 18-I-0041.
Results: HTS of TRA rearrangements revealed lack of distal TRAV and
TRAJ gene usage in patients with RAG1/2 mutations. The presence of cir-
culating MAIT cells in controls and patients with known RAG1/2 mutations
and various clinical phenotypes was analyzed by flow cytometry using mAb
against Valpha 7.2.We found a virtual lack of Valpha 7.2 expression in RAG
mutated patients (<0.5%) compared to controls (2-8%). We used the Valpha
7.2 assay to test two patients with unknown immunodeficiency manifesting
as skin granulomas and autoimmune cytopenia, and found nearly absent
expression (0.14% and 0.08%). Targeted sequencing of RAG1/2 revealed
that both patients were compound heterozygous for RAG1 mutations:
p.R112H/p.C328Yand p.R410W/p.R507Q, respectively.
Conclusions: Patients with mutations in RAG1/2 demonstrate a skewing
of their TCRalpha repertoire. The reduction in recombinase activity in
these patients does not allow for rearrangements of the most distal Valpha
segments. Rapid identification of patients lacking Valpha 7.2+ T cells by
flow cytometry may prompt Sanger sequencing and identification of
RAG1/2 mutations in a matter of days. This assay represents a simple
but powerful tool to reduce the cost and time associated with other anal-
ysis methods.
Acknowledgements: Supported by DIR/NIAID/NIH.
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Introduction: The fate of effector T cells is strongly dependent on the ex-
pression of Bcl-6 or Blimp-1, which are inhibited reciprocally through a
complex signaling pathway. Several studies have shown that Bcl-6 is a key
transcription factor for differentiation towards the follicular helper T cells
(Tfh) lineage able to collaborate with B lymphocytes (BL). On the contrary,
the transcription factor Blimp-1 is highly expressed in T lymphocytes Th1,
Th2 and Treg, thus regulating the differentiation towards Tfh. Materials and
methods: whole fresh blood and peripheral mononuclear cells from a patient
with homozygous mutation in STAT5b were analysed by flow cytometry.
Analysis of cTfh (CD4+CD45RA-CXCR5+), cTfh1 (CXCR3+), cTfh17
(CCR6+), cTfh2 (CXCR3-CCR6-), naïve BL (LB IgM+IgD+CD27-), mem-
ory (MBL) (LB IgM+ IgD- CD27+), switched (MBL-Sw) (IgD-IgM-) and
plasmablast (PBC) (CD27+CD38++) cells was performed.
Immunoglobulins were measured in serum. Results: the patient with
STAT5b deficiency showed increased values of cTfh (38%) (Healthy donors
p10-p90: 7,9-17,8%) that presented an activated phenotype (ICOS+ and PD-
1+) with a skewed to a Th17 profile (CCR6+), consistent with her
hipergammaglobulinemia and the marked and sustained increase in the
switched MBL and PBC subpopulations in peripheral blood over the years.
Discusion: This immunological phenotype described in the patient with
STAT5b deficiency could explain in part the pathophysiology of the autoim-
mune disorders. This patient (as well as the other two patients with mutations
in STAT5b previously described by our group), have had chronic
hypergammaglobulinemia, autoantibodies and consequently autoimmune
processes (psoriasis, hypothyroidism, eczema, alopecia and celiac disease,
among others). We believe that the link between this clinical symptomatolo-
gy and the molecular defect relies in the fact that the absence of STAT5b
promotes a greater expression of Bcl-6, which generates a bias towards the
production of cTfh cells, that give rise to a greater activation of LB, genera-
tion of LBMand plasma cells (dysregulation in the CG), events that manifest
as hypergammaglobulinemia and autoimmunity. In summary, we provide
promising evidence of the mechanisms that lead to autoimmunity in this
type of patients that could also be a consequence of the defect in the
regulation of GC, highlighting the crucial role of STAT5b in the humoral
immune response and maintenance of the tolerance of the immune system.
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Background/Introduction: The term primary immunodeficiencies (PID)
encompasses a phenotypically and genetically diverse group of condi-
tions. Genetic testing for these conditions can guide treatment, reduce
morbidity and mortality, allow for genetic counseling, and identification
of additional at-risk family members. However, this testing can be com-
plicated by a number of factors, including pseudogenes, high homology,
methodology limitations, and the heterogeneous nature of PIDs.
Methods: Mayo Clinic Laboratories launched their first set of nine PID next
generation sequencing (NGS) tests approximately one year ago. These tests
include one single gene assay for GATA2 deficiency and eight targeted next
generation sequencing panels for: atypical hemolytic uremic syndrome (aHUS),
autoinflammatory disorders, B-cell disorders,monogenic irritable bowel disease
(IBD), phagocytic defects, severe combined immunodeficiencies (SCID), and
severe or cyclic neutropenia. Herein we summarize our first year of experience
with these NGS tests, with a focus on the eight targeted panel tests.
Results: From March 2018 through November 2018 we performed testing
for 341 cases. Our highest volume of tests was for the aHUS panel (127/341
cases, 41%). Avariant was reported in 76/341 cases (22.29%). These variants
included variants of uncertain significance, likely pathogenic variants and
pathogenic variants. The indication with the highest percentage of cases
where a variant was reported was SCID (9/13 cases, 69.23%). The number
of cases that were considered solved, where the genotype likely explains the
patients phenotype, varied widely by indication. Twenty cases were found to
have a pathogenic or likely pathogenic variant or variants; however 2/20 cases
were heterozygotes for an autosomal recessive condition and were not con-
sidered solved cases. The panel with the highest percentage of solved cases is
our SCID panel (4/13 cases, 30.77%). Conversely, we have yet to solve an
autoinflammatory, irritable bowel disease, or telomere defects case; however
~20% of cases in each of those three panels have had a variant of uncertain
significance reported. We hypothesize that one of the reasons for the low
detection rate for these three panels is inappropriate test orders. We are also
actively looking for ways to update all 8 panels to increase detection rates and
clinical utility, for example expanding the gene list of our IBD panel, includ-
ing large deletion/duplication detection, and including NCF1, a difficult gene
to capture byNGS, on the phagocytic panel. Finally, we present themolecular
findings from a number of interesting cases that were solved using our
targeted NGS panels.
Conclusions: The launch of our PID NGS tests in March of 2018 has
allowed us to aid patients by confirming diagnoses and providing molec-
ular diagnoses that will enable more accurate genetic counseling and risk
assessment. We have also uncovered areas for improvement, both on the
clinical side: provider education is important to enable better identifica-
tion of patients who can benefit from molecular genetic testing for PIDs,
and on the laboratory side: introduction of more expanded panels and
additional methodologies.
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The progressive decrease of red blood cells, platelets or neutrophils via a
self-directed immune process is jointly termed as autoimmune cytope-
nias. While autoimmune cytopenias, including autoimmune hemolytic
anemia (AIHA), immune thrombocytopenic purpura (ITP), and autoim-
mune neutropenia (AN), are a common presentation of autoimmunity in
the general population, they are particularly frequent and can appear as
the first sign in patients with primary immunodeficiencies (PIDs).
Possible causes of cytopenia in PIDs comprise mainly immune dysreg-
ulation, bone marrow failure (BMF) and myelodysplasia.
Our goal is to investigate possible immune mediated mechanisms under-
lying chronic cytopenia in children in order to achieve an early diagnosis
and consequently offer timely and appropriate therapy.
We selected 24 patients affected by chronic cytopenia, evaluated with
immunophenotyping by flow-cytometry; data were subjected to multivar-
iate analysis by Principal Component Analysis (PCA). Next Generation
Sequencing (NGS) analysis of genes frequently implicated in PIDs was
performed.
Among the patients, 5 were affected by bone marrow failure, of which 2
were diagnosedwith Fanconi Anemia and severe congenital neutropenia; 12
were affected by immune-mediated cytopenia and 7 by idiopathic cytopenia.
The immunephenotyping showed a typical pattern of CD8 T cell subpopu-
lations expression in patients comparedwith healthy donorswith an increase
of naïve T cells and a reduction of central memory (CM) and effector
memory (EM) T cells levels. We observed a decrease in total B cells, B
switched and B memory cells and an increase in CD21low cells. PCA
showed an overlap between groups, however it revealed a peculiar trend
of some single patient, suggesting the pathway involved in immune defect.
Preliminary results fromNGS studies revealed genetic variations in genes
previously associated with PIDs in 10 out of 11 patients investigated. In
particular we identify one patient with a mutation in FAS, one with a
mutation in AIRE and one with a mutation in IKAROS. Concerning the
remaining patients further studies are ongoing to validate the pathogenic-
ity of the genetic variations.
PCA is a very effective tool to analyze several parameters at the same
time, highlighting patients whose phenotype shows themain peculiarities.
The presence of specific lymphocyte subpopulation patterns can be im-
portant indicators of immune-mediated cytopenias and helpful signs of
specific PIDs that should promptly be investigated with genetic analysis.
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The rapid of discovery of novel, monogenic primary immunodeficiencies
has been made possible by the broad availability of clinical whole exome
sequencing (WES). However, clinical WES has major shortcomings that

should be understood by practicing immunologists. Focusing on the 2017
IUIS list of ~330 monogenic primary immunodeficiency genes, we show
here limitations in coverage that could significantly impact clinical inter-
pretation. On the Agilent Whole Exome capture kit, the most common
WES platform, there are a number of genes with exons that are poorly
covered. Specifically, there are at least 94 genes with less than 100%
exonic coverage, 26 with less than 99% coverage and 5 with less than
90% coverage (e.g. IKBKB, NCF1, TACI, UNC93B1 and TBX1).
Beyond this challenging technical issue, there are more subtle issues as
well. These include the presence of pseudogenes in at least 17 of our
genes (e.g. AK2, C1QBP, CD46, CFTR, CR2, MSN, NCF1, NCSTN,
IKBKG, NHP2, PMS2, PTEN, RNASEH2C, RPS, SBDS and WAS),
which can make accurate sequencing very challenging. Finally, there
are many known causative intronic (e.g. BTK, CTLA-4, WASP) and
copy number variant mutations (e.g. RAG1 and XIAP) as well as large
deletions (e.g. DOCK8) that we cannot expect to be optimally covered
usingWES. This list of genes requires consideration even with a negative
exome and may require additional approaches including Whole Genome
Sequencing, Sanger sequencing, CNV arrays and/or long-read NGS se-
quencing. WES is a powerful genomic diagnostic tool, but to avoid miss-
ing key diagnostic insights using these alternative approaches may be
critical when certain genes are in the differential diagnosis. Going for-
ward, as PID phenotypes continue to broaden, these issues remain fun-
damentally important even if these genes are not obviously implicated in
a given clinical phenotype.
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More physicians are utilizing targeted genetic panels to reach a definitive
diagnosis for their patients with immunodeficiency. However, this increase
in testing also has led to the discovery of many more variants of uncertain
significance (VUS) in the genes tested. These findings can often leave the
patient and the physician with more questions than answers. We present a
patient with recurrent infections found to havemultiple variants of uncertain
significance in several genes associated with primary immunodeficiency.
A 13-year-old female who was diagnosed with Crohns disease at age 9 after
intestinal perforation and jejunal resection experienced two discrete episodes of
Epstein Barr Virus (EBV) meningoencephalitis and septic shock. The first
episode was diagnosed when patient had fever and altered mental status and
occurred prior to her Crohns disease diagnosis and the second episode was
complicated with altered mental status, disseminated intravascular coagulation
(DIC) and hypotension requiring PICUadmission.Aside from these twomajor
infections, the family denied any other infections requiring antibiotics in the last
5 years and reported a remote history of repeated streptococcal pharyngitis that
have not recurred. Immunologywas consulted at the timeof the second episode
of meningoencephalitis and work up was mainly unremarkable with normal
immunoglobulins, adequate vaccine response to Hib, tetanus, diphtheria, ru-
bella, measles and pneumococcus (18 out of 22 protective titers). She had
normal T cell numbers with slightly decreased natural killer numbers for age.
Neutrophil studies showed normal Dihydrorhodamine (DHR) analysis,
glucose-6-phosphate dehydrogenase levels andMyeloperoxidase (MPO) stain.
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Commercial testing of her Toll like Receptors (1-8) showed normal function.
Invitae Primary Immunodeficiency Panel demonstrated a heterozygous variant
in NOD2 (c2.104C>T; p.Arg702Trp) as well as heterozygous variants of un-
certain significance in IL7R (c.662G>T; p.Ser221Ile) and TLR3 (c.889C>G;
p.Leu297Val). The patients NOD2 variant is known to be associated with an
increased risk for Crohns disease.
Even with our patients presentation with recurrent severe viral infections
and IBD, it is not immediately clear how these genetic results explain the
pathology. Innate immune defects probably contribute to her presentation
and it is currently unclear if and how the combination of multiple genetic
variants has left her immunologically vulnerable. We use this case to
demonstrate that even when genetic testing does not elucidate a clear-
cut diagnosis of primary immunodeficiency, it can still provide helpful
insight into a patients underlying immune phenotype.
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Introduction: XIAP Deficiency is a rare primary immune deficien-
cy characterized by hemophagocytic lymphohistiocytosis, recurrent
fever and inflammatory syndromes, inflammatory bowel disease,
hypogammaglobulinemia, recurrent infections, and other manifes-
tations. Loss of XIAP results in abnormal TNF receptor signaling
and NLRP3 inflammasome actvity which leads to dysregulated
production of IL-1beta and IL-18. We hypothesized that suppress-
ing the NLRP3 inflammasome with either targeted deletion or
pharmacologic inhibition would suppress abnormal production
and secretion of inflammatory IL-1beta and IL-18.
Methods: Bone marrow derived macrophages (BMDMs) from control,
XIAP-deficient, and XIAP and NLRP3 double knock-out mice were
derived with 1 week of culture in L929-cell conditioned media.
BMDMs were stimulated with a variety of TLR agonists or TNF-alpha,
with or without a variety of inhibitors including the NLRP3 inhibitor
MCC950, the cathepsin B inhibitor CA-074, and quercetin, which is a
natural flavonoid (antioxidant) found in many fruits and vegetables, and
available as a nutritional supplement. IL-1beta, IL-18, and TNF-alpha
were measured in supernatants by ELISA, and cell death was evaluated
by flow cytometry using PI exclusion.
Results: As expected, BMDMs from XIAP deficient mice had markedly
increased TLR-agonist- or TNF-alpha-induced IL-1beta production com-
pared to normal BMDMs. Genetic deletion of NLRP3 and the pre-
treatment of cells with the NLRP3 inhibitor MCC950 greatly reduced
abnormal IL-1beta production; residual production of IL-1beta could be
inhibited by caspase-8 inhibition. Pre-treatment of cells with the cathepsin
B inhibitor CA-074 also decreased cytokine production but was toxic at
higher concentrations. Quercetin reliably abrogated IL-1beta, and also IL-
18. Quercetin was found to inhibit priming of the NLRP3 inflammasome
(decreased upregulation of pro-IL1beta and NLRP3) and also decreased
TNF-alpha secretion following TLR agonist stimulation.
Conclusion: Quercetin suppresses the NLRP3 inflammasome andmay be a
promising therapeutic option for patients with XIAP deficiency. It prevents
IL-1beta and IL-18 secretion. It is a particularly appealing option given that
it is a naturally occurring antioxidant, has a great safety profile, and is
readily available as a nutritional supplement. Human studies are needed.
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Background: The thymus contains a heterogeneous population of stromal
cells which orchestrate T cell development and selection. Recently, single
cell RNA sequencing (scRNAseq) analysis in mice has disclosed an un-
expected complexity of thymic stromal cells, and medullary thymic epi-
thelial cells (mTECs) in particular. However, the developmental origin,
hierarchy, and function of these subpopulations remain ill-defined.
Moreover, although cortical TECs (cTECs) are thought to represent a
more homogeneous population, their characterization has been largely
restricted to the adult thymus. We have previously shown that impaired
lymphostromal cross-talk in the thymus of patients with combined im-
munodeficiency (and of corresponding mouse models) is associated with
abnormalities of thymic architecture and TEC maturation. Here, we
sought to compare TEC distribution and gene expression in wild-type
(WT) and in mice carrying Rag1 hypomorphic mutations observed in
patients with combined immune deficiency and immune dysregulation.
Methods: Multi-color flow cytometry and scRNAseq were used to ana-
lyze composition and distribution of cTEC and mTEC subpopulations in
WT and Rag1 mutant mice at various weeks of age (NIAID animal pro-
tocol: LCIM-6E).
Results: We observed that Rag1 mutant mice have an excess of cTECs,
and that their mTEC compartment is predominantly represented by cells
with high levels of MHC class II (MHC-II) expression, recapitulating the
phenotype of neonatal WT thymi. While MHC-IIhi mTECs are thought
to represent a minor fraction of mTECs in adult WT mice and include
mature AIRE+ cells, a relative abundance of MHC-IIhi mTECs is ob-
served also at neonatal age, where they are thought to represent immature
mTECs. To define more precisely TEC maturation, we performed
scRNAseq on sorted CD45- EPCAM+ cells, and identified 8 and 10
distinct clusters of TECs in WT and Rag1 mutant mice, respectively. A
large proportion of cells in Rag1 mutant mice could be ascribed to the
cTEC compartment, confirming our previous flow cytometry and histo-
pathology results. Furthermore, scRNAseq analysis also disclosed a dif-
ferent distribution of mTEC subsets in WT and Rag1 mutant mice. To
address the hypothesis that this difference in cTEC and mTEC abundance
and subset distribution may reflect different maturation stages in TEC
development in WT and Rag1 mutant mice, we will perform lineage
tracing and transplantation experiments, and we will also extend TEC
scRNAseq analysis to WT and mutant mice of embryonic and neonatal
age. In parallel, to evaluate the contribution of thymocyte maturation in
shaping the stromal populations, scRNAseq will be performed on
thymocytes.
Conclusions:We have further refined the complexity of TECs, and shown
that impaired development of T cells in combined immune deficiency (as
exemplified by Rag1 mutant mice) has profound effects on the composi-
tion and maturation of TECs and may thus contribute to abnormalities of
immune tolerance that are often associated with these conditions.
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The advent of next-generation sequencing (NGS), with the development
of whole-exome sequencing (WES) in particular, has allowed the identi-
fication of unknown genetic lesions for many diseases and the implemen-
tation of specific therapeutic strategies. Primary immunodeficiencies
(PIDs) are a group of rare diseases which have benefited from NGS, with
the discovery and molecular characterization of previously genetically
undefined diseases and the identification of novel molecules involved in
the regulation of the immune system.
PIDs are often associated with autoimmune disease due to the dysregu-
lation of the immune system as a whole. The clinical phenotypes are
heterogeneous and often overlapping. While a monogenic cause of dis-
ease has been identified in a most subsets of patients, the recent applica-
tion of whole-genome sequencing has found that a polygenic cause is
likely.
Our aim is to investigate the genetic background of patients with
immunedysregulations and autoimmunity and to evaluate the possible path-
ogenicity of the identified gene variants through extensive functional studies.
We select 19 patients with sign of immunedysregulation and autoimmu-
nity, extended immunophenotyping and next-generation sequencing
(NGS) analysis of 50 genes frequently implicated in PIDs was performed.
In six of them we identify a single gene as responsible of the clinical
feature. In particular, we identify two patients with gain of function mu-
tation in STAT3, one patient with a mutation in CTLA4, one patient with
an activating PIK3CDmutation, one with a RAG1mutation and one with
a FAS mutation. In most of them variants in multiple genes have been
detected. Interestingly, we find that some genes are recurrently mutated in
more then one patient such as WAS, DOCK8, CASP10, CASP8,
NFATC2 and FCGR3A. Further studies are ongoing to validate the effect
of the variations identified.
Our results strongly suggest that the old hypothesis, based on a single
gene mutation as a cause of illness, should be revised in favor of the
concept that "is the sum that causes the effect" and that a different point
of view on PIDs now seems inevitable.
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Introduction/Background: Immunoglobulin replacement therapy (IGRT)
may be optimized to reduce the severity and incidence of infections and
potentially delay or abrogate the development of pulmonary complications
of primary immune deficiencies. Pulmonary complications including bron-
chiectasis are common in common variable immune deficiency (CVID)
and contribute significantly to morbidity and mortality in these patients. It
remains unclear whether continued obstructive bronchial changes are a
result of repeated respiratory infections, associated inflammation and im-
mune dysregulation, or simply lung-damage that is irreversible by the time
therapy is initiated. It has also been suggested that under-treatment in addi-
tion to the diagnostic delay may contribute to the development of bronchi-
ectasis in patients with PID. Lower serum IgG levels with any given dose of
immunoglobulin replacement therapy have been demonstrated in patients
with bronchiectasis compared to those PID patients without this complica-
tion. In addition, earlier studies have shown that greater doses of Ig (600
mg/kg/ month) may reduce the frequency and duration of infections and
help prevent or slow progression of chronic lung disease.
Objective: To evaluate the prevalence of bronchiectasis in a cohort of
patients with a diagnosis of CVID and identify associated Ig dosing
patterns and clinical outcomes.
Methods: Data were analyzed from the IDEaL (Immunoglobulin,
Diagnosis, Evaluation, and key Learnings) Patient Registry. This is a pro-
spective, longitudinal registry study of patients receiving Ig replacement
therapy in the home or ambulatory infusion suite with one national home
infusion provider. Nursing and pharmacy standard of care forms were col-
lected, and dose, infection rate, and prevalence of bronchiectasis were eval-
uated in patients with a diagnosis of CVID (ICD-10 codes: D83.9, D83.1)
Results: There were 310 patients in the Registry with CVID, 14 (4.5%) of
which bronchiectasis was also observed. Seventy-nine percent (n=246) of
the study population was female, and 50% (n=7) of the cases of bronchi-
ectasis were observed in females. The mean age of the patients with con-
current bronchiectasis was 65±15.8 at start of care compared to 57±15.8 in
those without this observed bronchial obstruction. Most bronchiectasis pa-
tients (n=11) received IGRT subcutaneously every week with a mean dose
of 123.8±22.8 mg/kg/wk. The mean dose of Ig in the 3 remaining patients
receiving Ig intravenously was 506.8±82.0 mg/kg/month. The average an-
nual rate of infection in IVIG and SCIG patients with bronchiectasis was
1.6±1.0 and 2.2±1.3, respectively, however many were serious bacterial
infections. At time of analysis, 7 of the bronchiectasis patients remained
active in the registry and 7 had withdrawn. Reasons for withdrawal includ-
ed stopping IGRT due to the following: patient decision (n=3), physician
decision (n=1) insurance change (n=1), and patient expired (n=2).
Conclusions: Therewere 14documented cases of bronchiectasis in our cohort of
CVID registry patients, and dosing patterns aligned with standard doses despite
the presence of bronchial obstruction. Further studies are necessary to assess
evolution of lung damage with respect to Ig dosing in patients with CVID.
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Background: Activated phosphoinositide 3-kinase syndrome type 1
(APDS1) is a combined immunodeficiency resulting from gain-of-
function (GOF) mutations in PIK3CD, the gene encoding the catalytic
subunit of phosphoinositide 3-kinase (PI3K). This form of PID is charac-
terized by recurrent respiratory tract infections, susceptibility to herpes virus

infections, impaired antibody responses, lymphoproliferation and autoim-
munity. Previous studies showed that patients with APDS1 have B cell
defects that contribute to the clinical phenotype. Furthermore, these patients
display T cell abnormalities, including increased numbers of memory T
cells and T follicular helper cells (Tfh), reduction of naïve T cells and
impaired T regulatory cell (Treg) function. Whether these T cell abnormal-
ities are also associated with perturbations of T cell repertoire in unknown.
Objective: We aimed to investigate the effects of increased PI3K signal-
ing on the T-cell repertoire of patients with APDS.
Methods: High throughput sequencing was used to study composition
and diversity of T-cell receptor (TRA) and T-cell receptor (TRB) reper-
toire in sorted Treg, Tfh, conventional CD4+ (Tconv), and CD8+ T cells
from 4 patients with PIK3CD GOF mutations and healthy controls.
Results: Treg cells of patients with APDS1 show restriction of TRA and
TRB repertoire diversity, and increased clonality. No repertoire restriction
was detected in Tfh, Tconv, and CD8+ T cells from the same patients.
However, the TRB repertoire of Treg and CD8+ cells was enriched for
the presence of hydrophobic amino acids in position 6 and 7 of the
CDR3, a biomarker of self-reactivity.
Conclusion: These data demonstrate that the T-cell repertoire of patients
with APDS1 is characterized by a molecular signature that may contribute
to the increased rate of autoimmunity associated with this condition.
Furthermore, our result support the notion that the PI3K pathway is a key
regulator of Treg cell development and homeostasis in humans.
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Introduction/Background: Monogenetic defects are responsible for approx-
imately 10% of cases of common variable immunodeficiency disorder
(CVID). In most cases of CVID, there is a polygenic mode of inheritance.
Variants in TNFRSF13B (TACI) are seen in 7-10% of CVID patients, but
also in asymptomatic relatives and in about 1-2% of normal individuals
who are heterozygotes. This highlights the incomplete penetrance of TACI
mutations and suggests that heterozygous mutations increase the risk, but
are neither necessary nor sufficient to cause CVID. TACI mutations are
known to mainly result in defects in B-cell switching and differentiation;
however, some of these patients are also found to have T-cell defects.
Objectives: 1) Illustrate the polygenic nature of CVID. 2) Discuss pre-
dominantly T-cell immunodeficiency in a patient with a heterozygous
TACI variant.
Results: A 26-year-old, Mexican male, was diagnosed with Tuberculosis
at the age of 6, shortly after moving to the United States. He received one
year of antimycobacterial therapy. He continued to have frequent, but
mild, respiratory infections that resulted in approximately 2missed school
days per month, but did not require any hospitalizations. At the age of 22,
he was diagnosed with multi-lobar pneumonia, which progressed to sep-
sis and hypoxic respiratory failure requiring intubation. One year later, he
developed a second episode of pneumonia with sepsis requiring ICU
admission. Subsequently, an immunodeficiency evaluation revealed an
IgA of 40 mg/dL (70-400), IgG of 667 mg/dL (700-1600), IgM of 31
mg/dL (60-300), protection against 7/14 streptococcal pneumoniae sero-
types, and protective Tetanus and Diptheria IgG antibodies (2.4 and 11.5
IU/mL, respectively). Quantitative lymphocytes subsets were significant-
ly abnormal. They showed a CD45 of 0.47 K/mcL (0.82-2.84), CD3 of
300 cells/mcL (550-2202), CD4 of 197 cells/mcL (385-1437), CD8 of 97
cells/mcL (199-846) and CD 19 of 26 cells/mcL (91-409). Immature B
cells (CD38lo/CD21lo) were elevated at 13.9% (0.5-8.0). Lymphocyte
proliferation in response to PHA, Con A and PWM was 4-10x lower in
the patient as compared to a healthy control. He was subsequently started
on intravenous immunoglobulin (IVIG) replacement therapy and contin-
ued this for 1 year without any infections. Due to an insurance related
lapse of IVIG infusion for 8 months, he developed another multi-lobar
pneumonia requiring hospitalization. He is currently back on monthly
IVIG replacement therapy and doing well. Comprehensive genetic testing
for 207 known primary Immunodeficiency genes revealed one likely
pathogenic heterozygous variant, c.310T>C (p.Cys104Arg) in
TNFRSF13B (TACI), and three additional variants of uncertain signifi-
cance: c.31G>A (p.Asp11Asn) in RAC2, c.237G>C (p.Gln79His) in
TRAF3IP2, and c.4720G>A (p.Ala1574Thr) in VPS13B.
Conclusions: Features that stand out in our patient are 1). Recurrent bac-
terial infection in the setting of normal antibody response and mildly
depressed IgA, IgM and IgG; and 2). Absence of viral and fungal infec-
tions despite markedly reduced CD4 and CD8 T cell number and prolif-
eration. Although TACI mutations can result in B and Tcell deficiencies, it
is unlikely that a heterozygous TACI variant alone can explain this unusual
clinical manifestation in our patient. We speculate that epistasis with other
immune gene variant(s) contributed to this complex phenotype.
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Introduction: The Hospital Universitario del Valle (located in Cali,
Colombia) is a reference center for the low income people of the south-
west of Colombia with a population of influence close to 4.5 million
people. The low number of clinical Immunologist in Colombia represents
a huge challenge for the field.
Results: Since June 2016, sixty one (61) hospitalized patients have been
evaluated by the Clinical Immunology service. The most common causes
of consultation are recurrent infection syndrome, disseminated tuberculo-
sis, hypergammaglobulinemia, refractory autoimmune disease and early
age malignancies. The main diagnoses at admission were complicated
pneumonia, meningitis and opportunistic infections in HIV negative
patients.
Patients were classified as Primary Immunodeficiencies (10 patients
16%), suspected Immunodeficiencies or patients in follow up after dis-
charge (27 patients 44%) and secondary Immune disorders due to auto-
immunity, malignancy, immunosuppressant therapy or chronic infections
(24 patients 60%).
According to the IUIS-2017 classification, 10 patients with confirm
Inborn Errors of Immunity (PID) were diagnosed: II. CID with associated
or syndromic features (4), III. Predominantly Antibody deficiencies (2), I.
Immunodeficiencies affecting cellular and humoral immunity (1), VII.
Auto-inflammatory disorders (2), IX. Phenocopies of PID (1). Two non
related cases of Ataxia-Telangiectasia and one case of Schimke syndrome
(SMARCAL1 compound heterozygous mutation) were diagnosed in the
last year. We observed a wide range of age (we evaluate adult and pedi-
atric population) with a Male:Female ratio close to 1:1
Conclusions: The Hospital Universitario del Valle - Clinical Immunology
inpatient service had increased the opportunity for the subsidiary health
care system patients in Colombia. Interestingly our main PID group was
combined Immunodeficiency with associated or syndromic features op-
posite to previous reports. Molecular and functional testing diagnosis is a
growing necessity in Colombia. Future characterization of patients with
PID is necessary to reduce complications.
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Immunohematologic disorders encompass a broad array of clinical con-
ditions in which hematologic manifestations, usually cytopenias, are
caused by aberrant immune responses. These often lead to the develop-
ment of neutropenia, hemolytic anemia, or thrombocytopenia, either sep-
arately or in combination. Common underlying mechanisms include
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immunodeficiency, immune dysregulation, and systemic autoimmunity.
Clinical diagnosis of these disorders is complicated by overlapping
phenotypes.
In April 2017, a 207-gene next generation sequencing (NGS) panel in-
clusive of copy number variation analysis was launched by a commercial
laboratory to facilitate clinical diagnosis of primary immunodeficiency
(PID), monogenic autoimmunity and autoinflammatory disorders. We
assessed the outcomes of genetic testing utilizing this panel on a cohort
of pediatric patients with immunohematologic phenotypes evaluated at
our tertiary care center during an 18-month period (5/1/17-10/31/18).
Eligible subjects were evaluated by at least two of three providers from
a multidisciplinary pediatric hematology-immunology team, including a
hematology physician, immunology physician and a geneticist or genetic
counselor.
Twenty-three patients met inclusion criteria; 20 (87%) were Caucasian,
12 (52%) were male with an average age of 11.7 years. The two most
common phenotypic diagnoses included cytopenias, single- or multi-
lineage (leukopenia, neutropenia, anemia, thrombocytopenia) primarily
attributed to autoimmune causes or hypogammaglobulinemia. Five
(22%) were given a definitive genetic diagnosis as a result of panel test-
ing, though in two of these cases, the causative mutations were listed as
variants of uncertain significance (VUS). Diagnoses included common
variable immunodeficiency due to a pathogenic variant in NFKB2,
STAT3 multiorgan autoimmunity due to gain-of-function mutation, and
familial cold autoinflammatory syndrome due to a pathogenic mutation in
NLRP12. Biallelic DNMT3B VUS were found in a patient whose phe-
notype and further laboratory studies (including karyotype) were consis-
tent with immunodeficiency-centromeric instability, facial anomalies syn-
drome. Further, a STAT3 VUSwas identified in a patient with multiorgan
autoimmunity and his father with hypothyroidism; studies from an out-
side research laboratory were consistent with gain-of-function with this
variant (private communication). An additional three patients had VUS
identified that were suspected to be related to their phenotype, prompting
eligibility for research studies. Four (17%) patients had increased risk
alleles in NOD2, conferring an increased risk of Crohns disease. Three
(13%) patients had pathogenic or likely pathogenic carrier findings
warranting genetic counseling. In addition, 47 VUS (an average of 2
per patient) thought to be unrelated to phenotype were identified, neces-
sitating further investigation and counseling.
The use of an NGS panel in a cohort of pediatric patients with
immunohematologic disorders led to a definitive diagnosis in 22%
of previously undiagnosed patients and prompted further research
investigation in several more. Genetic testing also led to the iden-
tification of clinically significant carrier findings, risk alleles and
47 VUS unrelated to phenotype, necessitating genetic counseling.
Our experience illustrates the value of genetic testing for diagno-
sis of immunohematologic disorders, and the importance of mul-
tidisciplinary care, including genetic counseling, for the proper
evaluation and management of these patients.
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Background: Allogeneic hematopoietic cell transplantation
(alloHCT) is curative for primary immune deficiencies (PID).
However, many patients lack a fully-matched unaffected sibling,
or may have an unknown underlying genetic defect, rendering it
undesirable to use related donors. Many PID patients have signif-
icant comorbidities at the time they are referred to alloHCT, pre-
cluding the use of myeloablative conditioning. The use of alter-
native donors with reduced-intensity conditioning (RIC) has his-
torically led to increased rates of graft failure, graft-versus-host
disease (GVHD), and transplant-related mortality (TRM). Post-
transplantation cyclophosphamide (PTCy) as GVHD prophylaxis
immunomodulates the graft through the preferential sparing of
regulatory T cells and hematopoietic stem cells from its cytotoxic
effects, thus allowing for robust donor engraftment that overcomes
the HLA barrier while effectively preventing severe acute and
chronic GVHD. We report the outcomes of two institutions using
a RIC alloHCT regimen with alternative donors and PTCy in
patients with PID.
Design: We transplanted 35 PID patients (Table 1) using alternative do-
nors and RIC, either serotherapy-free (n=21) or alemtuzumab-based
(n=14). All patients received PTCy for GVHD prophylaxis on days +3
and +4, either alone (n=3), or combined with mycophenolate mofetil and
either sirolimus (n=21) or tacrolimus (n=11). Donors included
haploidentical family members (n=16), matched unrelated (n=15), and
mismatched unrelated (n=4). Stem cell source was T cell-replete bone
marrow (n=33) or peripheral blood stem cells (n=2).
Results: The median follow-up is 17 months (range 0.5-8 years).
At 17 months, overall survival is 91%, and event-free survival
(defined as alive without graft failure) is 83%. The median days
of neutrophil and platelet engraftment are 17 (range 14-42) and
28 (range 15-110), respectively. There were 10 patients who de-
veloped acute GVHD, grade 1 (n=5) or grade 2 (n=5), and there
were no cases of grade 3 or 4 aGVHD. Seven of eight patients
treated with systemic corticosteroids responded, and one was cor-
ticosteroid-dependent, then responded to second-line therapy. One
patient developed skin-only chronic GVHD, which responded to
corticosteroids and PUVA light therapy. Five patients developed
graft failure, either primary (n=1) or secondary (n=4), and four
were successfully re-transplanted and remain engrafted. One pa-
tient with secondary graft failure had autologous recovery and has
not required a second alloHCT given some durable infection con-
trol gained during initial engraftment. There were three deaths
prior to day 180 due to infection, and one death at 1.5 years
secondary to presumed overdose. In ongoing follow-up of
engrafted survivors (n=30), evidence of phenotype reversal has
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been demonstrated in all patients, with complete or ongoing res-
olution of some or all of their underlying disease manifestations,
including infection, transfusion-dependence, autoimmunity, malig-
nancy, and/or immune dysregulation.
Discussion: We have observed high rates of engraftment, low
rates and severity of acute and chronic GVHD, and low TRM
in 35 patients with PID transplanted using alternative donors,
RIC, and PTCy-based GVHD prophylaxis. RIC alloHCT with
PTCy shows promise for curing PID, and its use minimizes tox-
icity and widely expands the donor pool, thus allowing us to offer
this curative therapy to many more patients with PID.

Table 1. Patient and donor characteristics.

Abbreviations: HCT, hematopoietic cell transplantation; IPEX,
immunodysregulation polyendocrinopathy enteropathy X-linked; HLA,
human leukocyte antigen
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Chronic granulomatous disease (CGD) is a primary immune disor-
der that involves mutations in the nicotinamide adenine dinucleo-
tides (NADPH) oxidase complex (Deffert, Cachat, & Krause, 2014).
Two-third of CGD cases are caused by loss-of-function mutations in
the CYBB gene that encodes the gp91pox subunit of the NADPH.
The increased in patients' life expectancy thanks to progress in di-
agnosis and management has underlined the burden of inflammatory
manifestations occurring independently of infectious agents
(Dunogue et al., 2017; Marciano et al., 2018). CGD patients devel-
op inflammatory granulomatous disorders, notably colitis, as a con-
sequence of a dysregulated inflammasome activation. The treatment
of inflammatory manifestations remains challenging, as it can be
associated with an increased risk of infections. Thus, understanding
the pathophysiological mechanism of auto-inflammation in CGD
could help improve the therapeutic arsenal for the management of
these manifestations. To reveal the precise pathophysiological
mechanism of auto-inflammation in CGD, we have developed a
cellular model that reproduces the CGD phenotype in phagocytic
cell. Through CRISPR-Cas9 gene-editing we generated a THP-1
ce l l l ine ha rbor ing the prev ious ly desc r ibed muta t ion
c.90_92delCCGinsGGT (p.Tyr30Ter) in the CYBB gene responsible
for gp91phox knock-out by early termination of translation. This
cell line recapitulates the phenotype of CGD phagocytes: (i) de-
creased H2O2 production (ii) and enhanced inflammatory responses
after PMA stimulation as evidenced by increased IL-1, IL-6 and
TNFa secretion levels (Kuijpers & Lutter, 2012). These features
were rescued by complementation through lentiviral transduction
of a wild type CYBB gene. This new model will help us to investigate
the auto-inflammation reported in CGD patients and also to propose new
therapeutic targets of inflammatory manifestations in this disorder.
Deffert, C., Cachat, J., & Krause, K. H. (2014). Phagocyte NADPH
oxidase, chronic granulomatous disease and mycobacterial infections.
Cell Microbiol, 16(8), 1168-1178. doi:10.1111/cmi.12322
Dunogue, B., Pilmis, B., Mahlaoui, N., Elie, C., Coignard-Biehler, H.,
Amazzough, K., . . . Lortholary, O. (2017). Chronic Granulomatous
Disease in Patients Reaching Adulthood: A Nationwide Study in
France. Clin Infect Dis, 64(6), 767-775. doi:10.1093/cid/ciw837
Kuijpers, T., & Lutter, R. (2012). Inflammation and repeated infections in
CGD: two sides of a coin. Cell Mol Life Sci, 69(1), 7-15. doi:10.1007/
s00018-011-0834-z
Marciano, B. E., Zerbe, C. S., Falcone, E. L., Ding, L., DeRavin, S. S.,
Daub, J., . . . Holland, S. M. (2018). X-linked carriers of chronic granu-
lomatous disease: Illness, lyonization, and stability. J Allergy Clin
Immunol, 141(1), 365-371. doi:10.1016/j.jaci.2017.04.035
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Introduction/background: Dyskeratosis congenita (DC) is a disease of
short telomeres characterized by bone marrow failure, immune dysfunc-
tion and somatic abnormalities including abnormal skin pigmentation,
nail dystrophy and oral leukoplakia. Several genes have been implicated
in the pathogenesis of DC including RTEL1 and ACD. Inheritance

Patients
(n=35)

Male, n (%) 25 (71%)

Age at time of HCT in years, median (range) 13 (0.5-54)

Diagnosis, n

Unknown primary immunodeficiency 8

Chronic granulomatous disease 8

MAGT1 deficiency 3

PI3KCD gain of function 3

RAG1/2 deficiency, hypomorphic 2

XIAP deficiency 2

STAT3 deficiency 1

IFNGR1 deficiency 1

CTLA4 haploinsufficiency 1

IL10R1 deficiency 1

NFKB1 haploinsufficiency 1

NFKBIA gain of function 1

Wiskott-Aldrich syndrome 1

ADA2 deficiency 1

IPEX syndrome 1

Allograft type, n (%)

T cell-replete bone marrow 33 (94%)

T cell-replete peripheral blood stem cells 2 (6%)

Donor source, n (%)

HLA-haploidentical 16 (46%)

HLA-matched unrelated 15 (43%)

HLA-mismatched unrelated 4 (11%)
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patterns include autosomal dominant, autosomal recessive and X-linked.
Successive generations of affected individuals can be born with progres-
sively shorter telomeres. While classic presentations include skin find-
ings, bone marrow failure can be the first presenting sign. Hoyeraal-
Hreidarsson Syndrome is a severe form of DC with symptoms beginning
in early childhood and including microcephaly, cerebellar hypoplasia,
intrauterine growth retardation (IUGR), severe immunodeficiency and
early-onset progressive bone marrow failure.
Objectives: Understand the clinical features of DC and Hoyeraal-
Hreidarsson syndrome
Describe a novel mutation leading to a DC like phenotype
Highlight the utility of genetic testing for severely ill patients with im-
mune disorders
Methods: This is a case presentation of a patient with immunodeficiency
and bone marrow failure found to have a homozygous variant of uncer-
tain significance (VUS) in RTEL1 on genetic testing with the Invitae 207
gene primary immunodeficiency panel.
Results: The patient is a female born at 38 weeks as the product of a
pregnancy complicated by IUGR. Zika testing, head ultrasound and
NY state newborn screen were normal. She began to fall off the
growth curve and had watery diarrhea at age 4 months despite high
calorie formula implementation. At age 9 months she began having
low grade fevers and was found to have a hemoglobin of 4
prompting urgent hospital admission for transfusion. Hematology sent
testing for bone marrow failure syndromes, with suspicion for
Diamond Blackfan anemia. She required PRBC transfusion roughly
once every 2-3 weeks. At 11 months of age she became
pancytopenic and had an urgent hospital admission. Immunology
and GI were first consulted at this time. Due to persistently poor
weight gain GI performed a colonoscopy which revealed IBD. Initial
immune evaluation revealed hypogammaglobulinemia (IgG = 82 mg/
dL, IgA = 7 mg/dL, and IgM = 32 mg/dL), nonprotective titers to
HiB, pneumococcus, and diphtheria despite vaccination, and the pa-
tient received IVIG. She was also panlymphopenic (CD3 = 1092,
CD4 = 837, CD8=253, CD19 = 31, CD16/56=7). Invitae primary
immune deficiency panel demonstrated a homozygous variant of un-
certain significance in RTEL1 (c.1742T>C p.Leu581Pro) as well as a
heterozygous mutation in ACD c.262G>C (p.Ala88Pro), CARD14
(c.1192G>C (p.GLu398Gln), EPG5 (c.4231C>A(p.Leu1411Ile). She
was also heterozygous for a pathogenic variant of SLC37A4
(c.1043delCT(p.Leu348Valfs*53).
Conclusions: In appropriately selected patients genetic testing can shed
light on previously unidentified immune deficiencies. Although the clinical
features of DC were present in this patient, the rarity of Hoyeraal-
Hreidarsson syndrome makes it a difficult to make diagnosis and these
patients are typically diagnosed with other bone marrow failure syndromes
or idiopathic anemia. Prompt evaluation by an immunologist for babies
with failure to thrive and bone marrow failure is warranted.
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Introduction: Homozygous or compound heterozygous mutations in
IRAK4 underlie IRAK-4 deficiency, a rare autosomal recessive immuno-
deficiency that results in impaired toll-like receptor (TLR) and
Interleukin-1 (IL-1) driven responses. Children with IRAK-4 defi-
ciency are predisposed to recurrent and invasive infections sec-
ondary to Streptococcus pneumoniae, Staphylococcus aureus and
other pyogenic bacteria with high mortality rates in early child-
hood. The frequency and severity of infections is thought to de-
crease with age due to the acquisition of humoral immunity and
immunologic memory, however due to the rarity of the disease,
the natural history of this condition beyond early childhood is not
well described.
Objectives: We present three unrelated IRAK-4 deficient patients with
persistent chronic rhinosinusitis with nasal polyposis that developed in
childhood.
Cases: Patient 1 is a 15 y/o male with compound heterozygous mutations
in IRAK4 (p.G75Afs*14/c.717-1G>T) with a history of recurrent S.
pneumoniae osteomyelitis (left hip at age 9 and left knee at age 10) and
C. septicum sepsis at age 9 following acute bowel perforation.
Additionally, he experienced recurrent AOM during infancy and recur-
rent UTI since age 9. Despite prophylactic antibiotics and IVIG, he has
had recurrent polymicrobial (MRSA, S. pneumoniae, H. influenzae, P.
aeruginosa, A. fumigatus) rhinosinusitis with nasal polyposis since age 4
refractory to medical management requiring surgical intervention and
prolonged courses of IVantibiotics.
Patient 2 is an 11 y/o female with homozygous deletions (exons
10-12) in IRAK4 with a history of ruptured appendicitis compli-
cated by Pseudomonas abscess and bacteremia at age 2, culture-
negative sepsis with septic arthritis and osteomyelitis of the right
leg at age 3, and septic shock secondary to MSSA bacteremia
complicated by rhabdomyolysis and DIC at age 5. She has a
history of chronic rhinosinusitis, and despite IVIG and prophylac-
tic antibiotics, she developed polymicrobial (H. influenzae, B.
fragilis) rhinosinusitis with associated nasal polyposis pending
surgical management.
Patient 3 is a 10 y/o female with homozygous mutations in
IRAK4 (Q293X/Q293X on exon 8) with a history of S.
pneumoniae meningitis at 3 months, M. catarrhalis epiglottitis
and neck cellulitis at 4 months, RSV bronchiolitis at 6 months,
Enterococcus bacteremia at 8 months, S. pneumoniae sepsis at age
2 and Streptococcus lymphadenitis at age 9. Despite IVIG and
prophylactic antibiotics, she developed recurrent polymicrobial
(H. influenzae, B. fragilis, MSSA, V. cholera, P. aeruginosa, A.
fumigatus) rhinosinusitis refractory to medical management requir-
ing surgical intervention and IV antibiotics.
Conclusions: In our centers experience, IRAK-4 deficient patients
continue to suffer from infectious complications, most prominent-
ly recurrent polymicrobial sinus infections beyond early child-
hood. The consistent presence of sinonasal polyps in these chil-
dren is unusual, as it is not typically found in uncomplicated
pediatric chronic rhinosinusitis. These infections have occurred
despite antimicrobial prophylaxis and IVIG, highlighting the role
of IRAK-4 in sinopulmonary epithelium. Additionally, the infec-
tious organisms identified in our patient cohort are not commonly
associated with IRAK-4 deficiency. Further study of chronic
rhinosinusitis and nasal polyposis in a larger cohort of IRAK-4
deficient patients and other innate immunodeficiencies may help
identify pathways for targeted treatment of these patients.
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Introduction: Chronic granulomatous disease (CGD) is an inherited
phagocytic defect associated with inability to clear catalase positive or-
ganisms. Infections in patients with CGD are severe and recalcitrant.
Commonest infections are pulmonary followed by soft tissue infections
and suppurative lymphadenitis. Osteomyelitis is an uncommon infection
in patients with CGD. It poses several diagnostic and therapeutic chal-
lenge. We herein report our experience of osteomyelitis in CGD over the
last 10 years.
Material and methods: Review of records was carried out to describe the
profile of osteomyelitis in cohort of patients with CGD at Pediatric

Immunodeficiency Clinic, Advanced Pediatrics Centre, Postgraduate
Institute of Medical Education and Research, Chandigarh, India. The
diagnosis of CGD was based on Nitroblue tetrazolium dye reduction test
(NBT) and Dihydrorhodamine reduction (DHR) assay.
Results: Of the 63 patients with CGD, 8 (12.7%) had osteomyelitis (6
males and 2 females; age range 1- 10 years). Most patients had their first
episode of serious infection in early childhood (mean age: 1.5 years).
Stimulation index (SI) of DHR assay ranged from 1 to 4.58. Mutational
analysis was done in 5/8 patients (3 X-linked; 2 autosomal recessive). Site
of involvement was variable ribs- 4; vertebrae- 2; radius- 1; skull- 2; tibia-
1. Aspergillus fumigatus was the most common isolate (62%; 5/8); others
had Aspergillus flavus, Aspergillus terreus and Serratia marcescens each.
All 4 patients with rib osteomyelitis had concurrent pneumonia, and fun-
gus was isolated in all of them (Aspergillus fumigatus- 2, Aspergillus
flavus- 1, Zygomyces spp.- 1). Antifungals (intravenous amphotericin
B) were given for a duration of 4-6 weeks and were followed by oral
voriconazole in therapeutic doses for 3 to 6 months in majority of them.
Debridement and resection of ribs was required in one patient, while other
patients were managed conservatively. Out of 8 patients, 2 (25%)
succumbed to pneumonia and respiratory failure.
Conclusion: Osteomyelitis in the context of CGD is usually caused by
Aspergillus spp. Involvement of ribs and vertebra usually occurs with the
contiguous spread of infection from the lungs. Therapy often requires
prolonged duration of anti-microbials, and may require surgical debride-
ment in addition to it.
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A 29-year-old woman with a 7-month history of nausea, vomiting, and
abdominal pain was admitted to an outside hospital with new onset of
jaundice and anasarca. Liver biopsy was thought most consistent with
alcoholic steatohepatitis, and she was discharged with counseling on
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alcohol cessation and medical management of liver disease. She present-
ed to our facility for a second opinion. Over the following days, she
developed further rise in direct hyperbilirubinemia up to 19.2 mg/dL,
new coagulopathy with an INR 2.06 and hypoalbuminemia to 1.7 mg/
dL in the absence of ongoing alcohol consumption. Liver sonography
revealed course echotexture and patent vessels. PCRs directed against
multiple hepatotropic viruses were negative and copper studies were nor-
mal. Due to a history of moderate alcohol consumption, she was started
on high-dose corticosteroids due to a presumptive diagnosis of alcoholic
hepatitis.
Additional history raised concern for a possible primary immunodeficien-
cy, including idiopathic thrombocytopenic purpura at 11 years of age,
multiple episodes of sinusitis treated with antibiotics and sinus surgery,
one episode of suspected bacterial pneumonia, and one hospitalization for
influenza A during which she developed neutropenia. In her 20s, she
developed refractory genital warts, prompting infectious diseases evalu-
ation. Initial immune evaluation had revealed low immunoglobulins (IgA
<7 mg/dL, IgG 198 mg/dL, IgM 13 mg/dL) with very low responses to
tetanus and diphtheria, despite a recent booster dose, and B and T cell
lymphopenia (CD19+ 89 cells/μL, CD3+ 567 cells/μL, CD4+ 345v, CD
8+ 244 cells/μL, CD16/56+ 236 cells/μL); antigen and mitogen prolifer-
ation were not assessed. Intravenous immunoglobulin replacement was
initiated but discontinued by the patient due to infusion-related adverse
effects, and she was lost to follow up until she presented with liver failure.
Both parents were deceased from cardiovascular disease in their 40s and
she had no siblings. She had limited knowledge of family history but no
known immune diseases.
Due to suspicion for genetic etiology of immune disorder and liver dis-
ease, we performed next-generation sequencing of a panel of over 200
genes implicated in primary immune deficiencies. Patient was heterozy-
gous for a nucleotide substation (c.1752+1G>A) within a splice site at the
exon 16/intron 16 boundary of the NFKB1 gene. During the hospitaliza-
tion, immunoglobulin replacement and trimethoprim-sulfamethoxazole
prophylaxis were initiated. An attempt was made to refer the patient for
additional immunological evaluation and transplantation evaluation but
unfortunately, she developed worsening liver failure and multiple com-
plications, including extended-spectrum beta-lactamase (ESBL)-produc-
ing E. coli bacteremia, hypotension requiring vasopressors and extensive
bowel ischemia, and died in the hospital.
In summary, this case highlights both the risk of diagnostic delay in adult
patients presenting with a primary immune deficiency and potential for
genetic testing to clarify the diagnosis. While the particular genetic
change has not been described, other splice site and predicted loss-of-
function mutations have been reported as pathogenic in this gene, which
have been implicated in autosomal dominant common variable immuno-
deficiency. This case further expands on the genetic causes and spectrum
of disease associated with changes in the NFKB1 gene.
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Introduction: Malnutrition and micronutrient deficiency are
underrecognized causes of acquired immunodeficiency in adults, and
may occur even in patients with high body mass index (BMI).
Methods: A 46-year-old woman with a medical history significant for one
remote urinary tract infection presented to the emergency department
after sudden onset of severe right flank pain. The pain was accompanied
by urinary frequency and not relieved by ibuprofen; she denied fevers or

chills. She was diagnosed with pyelonephritis and discharged on cipro-
floxacin, which was later changed to trimethoprim-sulfamethoxazole af-
ter her culture grew resistant E. coli. Her pain continued despite treatment,
prompting her to return to the hospital three days later.
Upon presentation, she was afebrile with blood pressure of 128/88 mmHg
and heart rate of 86 bpm. Her body mass index was 32.4 kg/m^2. Her
physical exam was otherwise notable for right costovertebral angle tender-
ness. Laboratory studies revealed a leukocyte count of 14,300/ul with 83%
neutrophils; alkaline phosphatase of 146 units/L and albumin of 2.7 g/dL,
but otherwise normal liver function tests; normal lactic acid; and urinalysis
with 3,000 WBC/hpf, 40 RBC/hpf, moderate bacteria, and the presence of
WBC clumps. CT scan of the abdomen and pelvis demonstrated an
obstructing 13 mm right renal stone with hydronephrosis and a right renal
abscess contiguous with a right-sided hepatic abscess measuring 7.8 x 6.0 x
7.5 cm. She was treated with ceftriaxone and metronidazole, and underwent
imaging-guided drainage of the abscesses. Abscess cultures again grew
resistant E. coli. She was discharged from the hospital with drains in place
and a plan to continue trimethoprim-sulfamethoxazole until definitive man-
agement of her nephrolithiasis with ureteroscopy and lithotripsy.
Discussion: There remained the question of how an ostensibly immuno-
competent patient had developed such severe intraabdominal infection
with little systemic inflammatory response (e.g. no fever and only mild
leukocytosis). A HIVantibody screen was negative. On further interview,
she described a 200lb intentional weight loss over the preceding 2 years,
accomplished by dietary restriction to less than 600 calories per day.
Nutritional assays revealed prealbumin, vitamin C, and vitamin B6 levels
below the threshold of detection. She had low-normal B12 and B1. Out of
concern for an acquired immunodeficiency resulting from malnutrition
with micronutrient deficiency, balanced nutrition was discussed with the
patient who agreed to liberalize her diet.
Conclusion: This case illustrates that marked acquired immunosuppres-
sion can result from malnourished and undernourished states. This phe-
nomenon is well recognized in young children and in resource-limited
settings, but may occur even in the presence of normal or high body mass
index. It further demonstrates the importance of routinely taking a thor-
ough dietary history and encouraging healthy eating practices as part of
usual clinical anticipatory guidance.
Uploaded File(s)
Uploads

J Clin Immunol (2019) 39 (Suppl 1):S1–S151 S93



(153) Submission ID#601826

Centralized Sequencing Initiative at NIAID: Year 1

Magdalena A. Walkiewicz, Ph.D.1, Morgan Similuk, ScM2, Celine
Hong, Ph.D.3, Leila Jamal, MSc., Ph.D.4, Haley Hullfish, B.S.5, Jia
Yan, MSc., Ph.D.6, Patty Littel, B.S.7, Sandhya Xirasagar, Ph.D.8,
Adriana Almeida de Jesus, MD9, Elise Ferre, PA-C, MPH10,
Raphaela Goldbach-Mansky, MD, Ph.D.11, Michail Lionakis, MD,
Sc.D12, Steven M. Holland, MD13

1ABMG certified Clinical Molecular Geneticist, National Institute of
Allergy and Infectious Diseases (NIAID)

2Genetic Counselor, Molecular Development of the Immune System
Section, Laboratory of Immune System Biology, NIAID, National
Institutes of Health, Bethesda, MD, USA
3N/A, NHGRI
4Genetic Counselor, NIAID
5ResearchFellow,National Institute ofAllergy and InfectiousDisease (NIAID)
6Clinical Protocol Coordinator and Genetic Counselor, NIAID
7RN, NIAID
8Health Scientist, NIAID
9Staff Clinician, NIAID
10Physician Assistant, Fungal Pathogenesis Section, Laboratory of
Clinical Immunology & Microbiology (LCIM) , National Institute of
Allergy & Infectious Diseases (NIAID), NIH

J Clin Immunol (2019) 39 (Suppl 1):S1–S151S94



11Clinical Investigator, NIAID
12Chief, Fungal Pathogenesis Section, National Institute of Allergy and
Infectious Diseases (NIAID) National Institutes of Health (NIH)
13Director, Division of Intramural Research, Laboratory of Clinical
Immunology and Microbiology, National Institute of Allergy and
Infectious Diseases, National Institutes of Health

Background: The past decade has brought dozens of new Mendelian
disorders of immunity. Yet, the genetic contribution(s) to diverse disor-
ders of the immune system remain largely unelucidated. The majority of
research participants referred to the National Institute of Allergy and
Infectious Diseases (NIAID) for what may be aMendelian disorder evade
molecular diagnosis. Making progress in this area requires a coordinated,
systematic, and transparent approach to clinical genomics research which
leverages the unique environment at the National Institutes of Health
Clinical Center (NIH CC).
Methods/Design: This study is designed to systematically apply ex-
ome sequencing and related technologies with clinical grade inter-
pretation and reporting to NIAID research participants at the NIH
CC under a single protocol in order to facilitate research and clinical
genetics care across NIAID. We are recruiting approximately 1000
participants per year from approximately 35 intramural clinical in-
vestigators. We generate genomic data, collect standardized pheno-
typing and report clinical interpretation in the medical record, all
while providing linked genetic counseling.
Results: To date, we consented 1287 participants, we sent out 1058
samples for exome sequencing and 183 samples underwent copy
number variant analysis. We have completed analysis for 359 fam-
ilies (502 individuals) and finalized and resulted 177 cases. Here we
present a case series illustrating some of our findings. Case 1: A 10-
year-old female was referred to NIAID for neonatal onset multisys-
tem inflammatory disease (NOMID). Developmental delay and mild
intellectual disability were appreciated on clinical evaluation.
Exome sequencing detected a mosaic novel likely pathogenic vari-
ant in NLRP3. Chromosomal Microarray Analysis (CMA) showed a
~5 Mb interstitial deletion of chromosome 12 previously associated
with developmental delay and intellectual disability. Case 2: A 10-
year-old Ukrainian male was referred to NIAID for the clinical di-
agnosis of autoimmune polyendocrinopathy-candidiasis-ectodermal
dystrophy (APECED). Exome sequencing and CMA did not detect
pathogenic variants in AIRE, but did find a de novo variant in
FAM111B. Defects in FAM111B are associated with poikiloderma
with tendon contractures, myopathy, and pulmonary fibrosis
(POIKTMP). The clinical features of the patient were consistent
with POIKMP. Case 3: A 63-year-old man had a history of brain,
liver and kidney nocardiosis, disseminated MAC infection, prostate
cancer and lymphoma. Family history was significant for prostate
cancer. Exome sequencing showed a heterozygous pathogenic vari-
ant in BRCA2, associated with susceptibility to breast-ovarian, male
breast, pancreatic and prostate cancer.
Conclusion: This case series illustrates that multiple diagnoses, unexpect-
ed diagnoses, secondary genomic findings, and data sharing helped iden-
tify variants in candidate genes. Process standardization supports data
integrity and efficiency while accommodating the need for investigator
flexibility and providing tailored patient care.
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Rationale: Activated PI3 kinase delta syndrome (APDS) is a pri-
mary immunodeficiency caused by dominant mutations that in-
crease activity of phosphoinositide-3-kinase (PI3K). The catalytic
subunit p110 is mainly expressed in cells of the hematopoietic
system, primarily lymphocytes and myeloid cells, and mutations
affect both B- and T-cells. We sought to further evaluate the role
of the T-cell receptor (TCR) repertoire in immune dysregulation
and the pathogenesis of autoimmunity and lymphoproliferation in
patients with APDS.
Methods: We evaluated the TCR repertoire in the peripheral blood
in 3 patients with PIK3CD mutations and compared these to the
peripheral TCR repertoire in 26 patients with common variable
immunodeficiency (CVID) and 50 healthy controls to investigate
the role of the TCR in disease. The TCR repertoire in affected
tissue of 2 patients with PIK3CD mutations was also evaluated
(tissue included lymph nodes for both patients, in addition to
gastrointestinal tract and lung tissue in one patient). A fixed num-
ber of TCRs were subsampled (35,000 for blood and 5,000 for
tissue) and diversity was calculated using the Gini and Shannon
indexes.
Results: Using the Shannon and Gini diversity indexes, the TCR
repertoire in patients with PIK3CD mutations had less diversity/
increased clonality as compared to healthy controls and those with
CVID (Figure 1). For the two APDS patients with biopsy tissue
available for analysis, the diversity of the TCRs in tissue was
increased as compared to the peripheral blood TCR repertoire
(Figure 2).
Conclusions: PI3K plays an important role in the development
and function of both B- and T-cells. Patients with APDS were
found to have decreased TCR repertoire diversity in the circulat-
ing T-cell compartment compared to healthy controls and other
CVID patients. The increased TCR diversity in the affected tis-
sues compared to peripheral blood implicates the PI3K/AKT sig-
naling pathway with T-cell trafficking and tissue immune homeo-
stasis, and suggests this pathway may play a role in the develop-
ment of inflammatory and lymphoproliferative complications in
these patients.
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Gain-of-function mutations in PI3Kd result in a human primary
immunodeficiency, named APDS (Activated PI3K-delta syn-
drome), characterized by lymphopenia, lymphoproliferation, respi-
ratory infections and inefficient responses to vaccination.
However, what promotes these immune disturbances at the cellu-
lar and molecular level remains unknown. We have recently pub-
lished a mouse model that recapitulates major features of this
disease and used this model and patient samples to probe how
hyperactive PI3Kd fosters aberrant humoral immunity. We found
that mutant PI3Kd alters the intrinsic function of T and B cells,
leading to ICOS-independent increases in T follicular helper (Tfh)
and germinal center (GC) B cells, disorganized GCs, and poor
class-switched antigen-specific responses to immunization. These
phenotypes were associated with increased phosphorylation of
AKT and S6 in T and B cells, and lower threshold of activation,
with altered regulation of FOXO1 and BCL2 family members.
Moreover, B cells showed enhanced responsiveness and prolifera-
tion to both antigens and innate stimuli, accompanied by reduced
cell death. Strikingly, aberrant responses were accompanied by
increased reactivity to gut bacteria, and a broad increase in auto-
antibodies that were dependent on commensal microbial stimula-
tion, as demonstrated by striking reduction of self-reactivity upon
antibiotic treatment in mutant mice. We now have further exam-
ined B cell function in these mice and demonstrate that altered
FOXO1 plays a major role in disruption of both B and T cell
function. We further provide evidence for altered activation of
metabolic pathways in B cells, compared to WT cells, that may
contribute to the dysregulated B cell reactivity. Our findings sug-
gest that proper PI3Kd regulation is critical for ensuring optimal
host-protective humoral immunity despite tonic stimulation from
the commensal microbiome.
This research was supported in part by the Intramural Research Program
of the NIH, NHGRI and NIAID.
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Autoimmune cytopenias are seen in a significant proportion of
patients with immunodeficiencies affecting antibody production.
Previous B-cell maturation studies using fluorescence-activated
cell sorting (FACS) have associated various phenotypes of prima-
ry immunodeficiency diseases affecting antibody production with
differing levels of B-cell differentiation. In this study we analyzed
the peripheral B-cell compartment of 84 patients with a
hypogammaglobulinemia and >1% B-cells with and without a
history of autoimmune cytopenias. B-cells were isolated from pe-
ripheral blood using monoclonal anti-CD19 and these cells were
gated to identify the proportion of memory B cell (CD19+CD27+
), IgM+ memory B (CD27+IgM+), marginal zone B-cells (IgM+
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IgD+), isotype-switched memory B-cells (CD27+IgM-IgD-) and
transitional cells (IgMhiCD38hi).
PID patients with a history of AIC had decreased proportions of
total CD27+ B-cell (11.6% vs 25.6%; p=0.0003) and IgM mem-
ory B cells (8.3% vs 18.4%; p = 0.0018). Conversely, the pro-
portion of marginal zone B-cells was increased in this group
(82.0% vs 66.5%; p = 0.0043).
Consistent with previous reporting, the proportion of isotype-switched
memory B-cells was significantly lower in the AIC group (0.75% vs
2.8%; p = 0.0003). Statistically significant inter-group difference was
not seen within the transitional B-cell subset.
Our data suggest that maturation arrest of marginal zone (CD27+IgM+
IgD+) B-cells may be implicated in the development of autoimmune
cytopenias in humoral immunodeficiency.
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Introduction: X-linked agammaglobinemia (XLA) is a primary immunode-
ficiency due to the inheritance of a pathologic variant of the Bruton Tyrosine
Kinase (BTK) protein. The condition usually manifests within the first 2
years of life. An estimated 60% of patients present with a severe, life-
threatening infection. Invasive Pseudomonas aeruginosa infection is uncom-
mon in immunocompetent hosts. Several cases of XLA patients presenting
as pseudomonas sepsis, meningitis, and bacteremia have been reported.
While severe viral infections may also be an initial presentation of prima-
ry immunodeficiency, an immune evaluation is not always obtained in
this scenario. Patients with XLA have an increased susceptibility to se-
vere enterovirus infections, manifesting as chronic meningoencephalitis,
which can be fatal.
The following case describes a patient with newly diagnosed XLA pre-
senting as suspected coxsackievirus and confirmed HHV-6 meningitis,
Pseudomonas meningitis and bacteremia. This may be the first reported
new diagnosis of XLA presenting with both severe bacterial and viral co-
infection.
Case Description: A 2 year old, partially vaccinated, Hispanic male
with a history of febrile seizures presented to the emergency room
with fever, oliguria, watery diarrhea, lethargy, meningismus, ecthyma
gangrenosum and lower abdominal pain. Eight days prior to presen-
tation, he was seen by his pediatrician for facial rash and low grade
temperature, and was diagnosed with hand-foot-and mouth disease.
He worsened on empiric antibiotics. He had no history of
sinopulmonary infections. He did not attend daycare. His vaccines
were delayed due to parental choice, and he had not received live
vaccines (Rotavirus, MMR or VZV). Full sepsis evaluation was per-
formed. CSF demonstrated pleocytosis, and he was started on empir-
ic antibiotics and transferred to PICU. Due to worsening abdominal
pain, CT of the abdomen was performed, which was consistent with
ruptured appendicitis and septic emboli at the lung bases. CSF PCR
panel was positive for HHV-6 and he was started on Gancyclovir.
CSF and blood cultures subsequently grew Pseudomonas aeruginosa.
Immune evaluation was performed. Serum immunoglobulins were
undetectable. In addition to IV antibiotics, he received 500 mg/kg
IVIG and lymphocyte subsets revealed profound B cell lymphopenia
(0.23 %, 5 cells/uL). BTK protein analysis revealed hemizygous
BTK pathogenic variant confirming the diagnosis of X-Linked agam-
maglobulinemia. The hospital course was further complicated by
brain abscesses and pyoventriculitis. He was treated with 3 additional
doses of 500 mg/kg IVIG and IV antibiotics. Repeat MRI of the
brain nearly 4 weeks after admission demonstrated significant im-
provement. There was significant clinical recovery. He was
discharged home at baseline neurological status. His IgG level upon
discharge home was 605 mg/dL with the plan to increase dose to
600 mg/kg per month with close monitoring.
Conclusion: Both severe opportunistic bacterial infections and severe
viral infections as the initial presentation of XLA have been well reported
in the literature. This case describes the first reported severe Pseudomonas
aeruginosa and HHV-6 co-infection in a newly diagnosed XLA patient.
This case further highlights the necessity for an increased index of suspi-
cion of primary immunodeficiency in a patient who presents with a severe
first infection, despite lack of recurrent infections.
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We present two patients with DOCK8 deficiency due to compound het-
erozygous variants including a copy number loss at chromosome band
9p24.3 spanning approximately .107 Mb with partial deletion of the
DOCK8 gene and a novel c.2603C>T (p.Ser868Leu) missense variant
[chr9:379933 (GRCh37) NM_203447] in DOCK8. Functional data is
presented to support the pathogenicity of the missense change, along with
a review of the literature on DOCK8 variants.
The proband is a 14-year-old female with elevated serum IgE, severe atopic
dermatitis,mild persistent asthma, food allergies, and seasonal allergic rhinitis.
She is currently healthy following haploidentical bone marrow transplant in
June 2018. She has a 17-year-old brother with DOCK8 deficiency with the
same compound heterozygous variants. The brother had later onset of symp-
toms and a milder presentation of intermittent asthma and seasonal allergic
rhinitis. Each of the parents is heterozygous for one of the two variants.
We evaluated the pathogenicity of the c.2603C>T missense variant with
western blots of DOCK8 protein expression, intracellular flow cytometry,
and DOCK8 stretch assays. Flow cytometry showed decreased DOCK8
protein expression and stretch assays revealed T cells that were stretched in
collagen gels.
Notably, DOCK8 is a large gene containing 47 exons spanning 190 kb
and it is relatively common to be a carrier of a rare missense change. In
fact, gnomAD has approximately 1500 individuals with rare (<0.002
frequency) missense alleles in DOCK8. Therefore, it is important to dem-
onstrate the potential pathogenicity of any given rare missense change,
since few pathogenic missense variants in DOCK8 have been reported.
Of the 168 published DOCK8 variants listed in the Human Gene
Mutation Database (HGMD) only 13 are missense. The majority are
gross deletions, 97 of which were reported in HGMD. The remaining
reported DOCK8 variants include 19 nonsense, 15 splicing, 13 small
deletions (all frameshifting), 3 small insertions (all frameshifting), 2 small
indels, and 5 gross insertions/duplications.
This case demonstrates the relatively infrequent but important contribu-
tion of missense changes to pathogenic DOCK8 alleles. Functional vali-
dation of missense alleles is critical in the complex evaluation of DOCK8
deficiency.
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Introduction/Background: Common variable immunodeficiency (CVID) is
the most frequent form of primary hypogammaglobulinemia with decreased
serum IgG and IgA levels and variable levels of IgM in adults. In addition to
decreased serum immunoglobulins, 25-30% of CVID patients present auto-
immune manifestations. The mechanisms that lead to a breakdown of self-
tolerance in CVID are not completely understood. However some differ-
ences in B and Tcells subsets and autoreactive B and Tcells can be detected.
Elevated expression of surface IgD and downregulation of IgM receptor are
hallmarks of anergic naïve B cells that contain autoreactive receptors in
human peripheral blood. Moreover, memory B cells that have class
switched to IgD and present an IgD+IgM- phenotype are also highly reac-
tive to self-antigens in healthy individuals. The role of these autoreactive
naïve and memory B cells in the immunopathogenesis of CVID has not
been evaluated. Here we investigated the frequency of CD27- andCD27+B
cells expressing IgD and IgM in peripheral blood of CVID patients.
Methods: Peripheral blood mononuclear cells (PBMC) from CVID pa-
tients (n=29) and health subjects (n=32) were separated by
FicollHypaque and incubated with anti-human CD19-PerCP, CD27-
FITC, IgD-BV510 and IgM-APC to identify different subsets of B cells
by flow cytometry. CD19+CD27-IgD+IgM- and CD19+CD27-IgD+
IgM+ B cells were sorted, loaded with CFSE and cultured with CpG
and ant-CD40 for 5 days to evaluate the proliferation.
Results: Among the compartment of CD27- B cells, CVID patients
showed an increased frequency of IgD+IgM+ cells and a lower frequency
of IgD-IgM- cells as compared to control group. No differences were
observed in the frequency of IgD+IgM- cells in CD27- B cells between
CVID patients and controls. In contrast, in the compartment of CD27+ B
cells, CVID patients showed an increased frequency of IgD+IgM-, IgD+
IgM+ and IgD-IgM+ cells and a lower frequency of IgD-IgM- cells when
compared to health subjects. When the patients were divided in two
groups based on autoimmune manifestations, the group with autoimmune
disease showed an increased frequency of IgD+IgM+ and IgD-IgM+ cells
in CD27- B cells when compared to the control groups. Both patient
groups showed an increased frequency of IgD+IgM-, IgD+IgM+ and
IgD-IgM+ cells and a lower frequency of IgD-IgM- cells when compared
to health subjects. Regarding the proliferation, naïve B cells from CVID
patients showed a reduced proliferative capacity in response to in vitro
stimulation as compared with naïve B cells from health subjects.
Conclusion: Our results suggest that the increase of CD27+IgD+IgM- B cells
can be related to the susceptibility of autoimmunity in CVID patients.
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Introduction: Immunoglobulin G4-related disease (IgG4-RD) is a group
of immune-mediated conditions where tissues are affected with dense
lymphoplasmacytic infiltrations with a predominance of IgG4-positive

plasma cells and storiform fibrosis, usually in the setting of elevated
serum concentrations of IgG4. Common presentations include autoim-
mune pancreatitis, sclerosing cholangitis, retroperitoneal fibrosis, salivary
gland disease, and orbital disease, among others. Symptoms of asthma or
allergy are present in approximately 40 percent of patients and they typ-
ically exhibit a good initial therapeutic response to glucocorticoids.
Case presentation: A 61-year-old female with a history of gastroparesis,
cutaneous lupus erythematosus and suspected autoimmune pancreatitis
was referred to Allergy/Immunology clinic for evaluation of elevated IgG4.
She reported a 15-year history of recurrent abdominal pain attributed to
recurrent pancreatitis based on previous mild lipase elevations. Prior en-
doscopic ultrasound (EUS) of the pancreas revealed edema. There was
concern for gallstone pancreatitis but ERCP followed by cholecystecto-
my, biliary and pancreatic sphincterotomy had no change in her symp-
toms. In 2016, she was noted to have a positive ANA and high serum
IgG4, per patient (values from OSH records could not be obtained).
Symptoms improved with a course of steroids, hence suspicion for auto-
immune pancreatitis.
In 2018 she developed a rash on her arms and face. Biopsies of the
affected areas revealed cutaneous lupus erythematosus on the arms and
a basal cell carcinoma on the face, which was excised. ANA was only
1:80 at that time.
At the visit, she complained of severe allergic rhinitis, joint pains, as well
as a malar rash, which responded to intermittent courses of prednisone by
prior providers.
Laboratories obtained at initial visit were significant for thrombocytopenia
(135 thou/cu mm), positive Lupus anticoagulant (56 sec) and elevated IgG4
(95 mg/dL; normal range 4-86 mg/dL). C3, C4, C1q, ANA, anti-double
stranded DNA, anti-Smith antibodies, antiphospholipid panel, UPEP and
SPEP were all unremarkable. CT chest and abdomen were also normal.
Given the patient's history of cutaneous lupus erythematosus, Plaquenil
was started as a steroid sparing agent. EUS of the pancreas with possible
biopsy was ordered in an attempt to obtain a histopathologic diagnosis of
IgG4-RD.
Conclusion: This case exhibits the association between elevated IgG4,
pancreatitis of unknown origin, allergic rhinitis, and cutaneous lupus
erythematosus, highlighting the value of identifying a pathologic connec-
tion between seemingly unrelated disorders in patients with elevated
IgG4, as they may be manifestations of IgG4-RD. In order to make the
diagnosis, histopathologic findings showcasing lymphoplasmacytic tis-
sue infiltration consisting mainly of IgG4-positive plasma cells and small
lymphocytes is essential.
The majority of patients respond to glucocorticoids, and while the dura-
tion of response is variable, most patients flare during or after glucocor-
ticoids are tapered, as noted in this patient. Rituximab has been shown to
be effective in some patients and will be considered in this patient if
symptoms persist.
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Rationale: PNP deficiency is an autosomal recessive disorder due to de-
fec t ive pur ine metabol i sm leading to Severe Combined
Immunodeficiency (SCID) and neurological deterioration. Newborn
screening utilizing T-Cell Receptor Excision Circle (TREC) assay can
detect affected patients before complications arise. Herein, we describe
an infant initially identified by newborn screening with PNP deficiency
and congenital CMV, a previously unreported presentation.
Methods: CMV quantitative PCR (qPCR) was performed by Nebraska
Medicine, PNP enzyme activity by Duke and genetic sequencing by
Invitae.
Results: A small for gestational age (SGA) male infant was reported to
have an abnormal TREC assay on day of life (DOL) 7. He was hospital-
ized for further evaluation. Initial studies revealed profound lymphopenia,
normal lymphocyte proliferation to mitogens and no evidence ofmaternal
engraftment. Additionally on DOL 10, he had CMV viremia and viruria;
thus with SGA, failed unilateral hearing screen and head ultrasound with
bilateral parenchymal calcifications, congenital CMV was suspected.
PNP enzyme activity was abnormal. CMV treatment was initiated with
ganciclovir on DOL 10. Foscarnet was added on DOL 13. CMV qPCR
levels decreased below the limit of detection by DOL 30. Genetic testing
found a pathogenic homozygous mutation in PNP (c.286-18G>A). The
infant has a 10/10 HLA-matched, unaffected, CMV positive sibling and
will proceed to hematopoietic stem cell transplantation.
Conclusions: To our knowledge, this is the first reported case of PNP
deficiency identified through newborn screening. This novel case of con-
genital CMV and PNP deficiency highlights the importance of CMV
screening and need for treatment strategies for congenital CMV in SCID.
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Despite a dramatic increase in the use of next generation sequencing over
the last decade, the majority of the more than 50 million identified human
genomic variants do not have well-established clinical implications.
Progress is being made on this complex challenge through multiple ap-
proaches, including data sharing. To maximize our understanding of ge-
nomic data, platforms that enable effective and responsible data-sharing
are essential. This means that genotypic and phenotypic data must be
findable, accessible, interoperable, and reusable under conditions that
are ethical and transparent.
To highlight innovations in data-sharing and their potential to advance
discovery, we present three data-sharing mechanisms. For each platform,
we will present a case highlighting its key functionality and discuss op-
portunities and challenges that may arise as each platform is scaled up.
(1.) Genomic Research Integration System (GRIS) is a collaboration-
engendering web application that facilitates the identification of genetic
variants associated with rare immunological disorders. Users can access
integrated and standardized phenotypic and genomic data that is analyz-
able within the platform. GRIS enables systematic and automated

capturing, and links patient data from disconnected systems and paper-
based records. Standardized annotations allow for the comparison of data
from different clinical studies. Themain goal of this tool is discoverability
of other affected individuals enrolled in separate protocols within the
NIAID intramural research program. This internal database was used to
find a second family with a rare variant in a candidate gene.
(2.) The Genomic Ascertainment Cohort (TGAC) is a resource that aims
to improve our understanding of the phenotypic consequence of genetic
variation by providing access to aggregate, de-identified genomic data
from large NIH intramural and related cohorts. Participants have provided
informed consent to be re-contacted for additional phenotyping in the
future. The main goal of this tool is to enable further study of the clinical
consequence of variants in a large, unbiased cohort of patients ascertained
for many indications. This database was used to investigate findings in
participants with previously published pathogenic variants in genes asso-
ciated with primary immune deficiency based on medical record review.
(3.) ClinGen is dedicated to building an authoritative central resource that
defines the clinical relevance of genes and variants for precision medicine
and research. Through the sharing of genetic and health data, ClinGen
seeks to answer whether a given gene is associated with a disease (clinical
validity)?; whether a given variant is causative (pathogenicity)?; and
whether the information is actionable (clinical utility)? This resource is
meant to convene disease- and gene-specific expert groups to curate the
medical literature on Mendelian disease to better define gene-disease and
variant-disease relationships using many lines of evidence. This resource
was used to clarify clinical validity of disease-gene assertions.
Together these efforts help create a clinical research ecosystem that max-
imizes the value of clinical research data and ultimately improves patient
care.
This research was supported by the Intramural Research Program of the
NIH, NIAID.
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Introduction: According to the Population Reference Bureau, the number
of elderly Americans, defined as age 65 and older, is projected to more
than double from 46 million to 98 million by 2060, rising from 15% to
24% of the total population. The impact of immunodeficiency in this
important segment of the population remains understudied.
Methods: The USIDNET Registry was queried to obtain demographic,
clinical data of elderly patients defined as age 65 and older. Descriptive
analyses were performed on the data.
Results: 373 participants (7.2%) were eligible out of 5176 total registry
participants. The median age of the cohort was 70 years and predomi-
nantly female (74.7%) and White (78.0%) with a median BMI of 26.6 ±
6.6.The majority (81.8%) of subjects were living. Humoral deficiencies
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comprised the majority of diagnoses (94.6%), with Common Variable
Immune Deficiency being the most frequent (76.9%). Of the remaining
non-humoral diagnoses, immune dysregulation (1.3%) and immunodefi-
ciency with myelodysplasia (1.1%) were the most frequent. The majority
(79.1%) of subjects reported having received immunoglobulin replace-
ment therapy (IGRT) at some point, with 51.7% reporting via IVroute. Of
the 1275 infections that occurred in this cohort, sinopulmonary infections
were the most commonly reported, specifically sinusitis (18.5%), pneu-
monia (13.8%), upper respiratory infection (6.7%), and otitis media
(5.5%). In this cohort, 107 autoimmune, 49 cardiovascular, and 11 gran-
ulomatous complications were reported . The number of patients with
malignancy was 89, with some patients diagnosed with multiple malig-
nant disorders. Of the reported malignancies, the majority (69.9%) were
solid tumors.
Conclusions: Compared to the age-matched non-immunodeficiency
United States population, this cohort had more females 74.7%
(USIDNET) versus 56.0% (US population) and fewer whites 78.0%
(USIDNET) vs 86.0% (US population. Humoral immunodeficiencies,
specifically CVID, were most common diagnoses, similar to other age
groups of immunodeficiency patients. Majority of these patients have
received IGRT, with approximately half via IV route. This cohort reported
living with a variety of non-infectious complications, including autoim-
munity and malignancies. More research which specifically focuses on
elderly patients with immunodeficiency is needed.
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X-linked agammaglobulinemia (XLA) is a primary immunodeficiency
caused by mutations in the Bruton tyrosine kinase gene which leads to B
cell maturation failure and defective antibody production. This puts patients
at risk of recurrent sinopulmonary infections, gastrointestinal infections, and
recurrent skin infections including infections caused by Helicobacter sp.
Helicobacter sp are gram negative bacilli commonly found in the gastro-
intestinal tract of various animals. Helicobacter sp. have been linked with
gastritis most notably Helicobacter pylori causing gastric ulcers in
humans. Helicobacter sp. has been found in rare cases to cause dissemi-
nated infections including pyodermic gangrenosum and cellulitis notably
in patients with agammaglobulinemia.
Infections caused byHelicobacter bilis are challenging to diagnosis due to
difficulties with culturing the pathogen as well as poor guidelines for
antimicrobial management.
Case Report:
The patient was diagnosed with X-linked agammaglobulinemia at the age
of 16 months with a history of recurrent sinusitis and was started on IVIG
q3weeks. Despite regular IVIG, he developed bronchiectasis. At 11 years
of age in 2013, he developed a chronic rash around his left knee resem-
bling erythema nodosum. By 2014, he had developed a left knee effusion
associated with left sided calf pain.
His knee pain was found to improve during courses of ciprofloxacin to
treat recurrent lung infections. Given case report data of H. pylori causing
erythema nodosum in patients with agammaglobulinemia, he was treated

empirically for an H. pylori infections with no improvement. In 2015 he
was found to have progressive cellulitis with pyomyositis of the left leg.
A skin biopsy of a calf nodule was found to be culture negative but 16S
PCRwas positive for H. bilis. He was started on treatment with ertapenem
and levofloxacin with subsequent resolution of his rash.
His left ankle pain progressed and by late 2015 and was found to have
possible osteomyelitis of the left ankle on MRI. In 2016 he was found to
be bacteremic with H bilis. Due to progressive symptoms with significant
impact on function and rising inflammatory markers despite 12months of
antimicrobial treatment, doxycycline and flagyl were added leading to
clinical improvement and normalization of his inflammatory markers.
He was continued on oral doxycycline and flagyl for 12 months for a
chronic osteomyelitis.
Discussion:
H. bilis is a slow growing pathogen which is challenging to culture in the
laboratory often requiring special agar plates and prolonged incubation.
In patients with agammaglobulinemia and associated chronic skin infec-
tions or erythema nodosuma, H bilis should be suspected as a possible
pathogen. Due to challenges with culturing, 16S PCR or amplification of
the 16S ribosomal subunit should be considered to try to identify the
pathogen.
There are poorly delineated clinical antimicrobial breakpoints to help
guide therapy with minimal evidence. Case reports suggest prolonged
therapy with aminoglycosides and penicillin. Other studies have success-
fully treated patients with a carbapenem, azithromycin and levofloxacin.
In the absence of sensitivity data, prolonged treatment (12months) should
be considered with a combination of antimicrobials. Patients should be
followed closely as recurrent infections are not uncommon.
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Introduction: DOCK8 deficiency is a combined immunodeficiency char-
acterized by eczema, recurrent sinopulmonary infections, viral skin infec-
tions, malignancy and early mortality. In recent years, liver disease and
vasculopathy have been increasingly recognized as a complication of
DOCK8 deficiency. We clinically characterized our cohort of DOCK8
deficient patients, with a specific focus on these newly identified areas of
disease involvement.
Methods: Chart reviews were performed on patients seen at NIH with
genetic and clinical diagnosis of DOCK8 deficiency. Patients were all
enrolled on IRB approved NIAID protocols.
Results: We identified 52 patients from 40 families with DOCK8 defi-
ciency in our NIH cohort, ranging in age from 6-44 years. Of the 40
families, 17 had homozygous mutations. Of the 52 patients, food allergy
was diagnosed in 31 (60%), eczema in 49 (94%), and asthma in 30 (58%).
Chronic or recurrent viral skin infections were seen in 49/52 (94%).
Chronic EBV viremia by PCR positivity was seen in 18/46 patients
(39%); only 2 patients were known to be EBV immune without viremia.
CMV viremia was infrequent. Sinopulmonary infections were common,
with bronchiectasis occurring in 23 /50 (46%) with available imaging.
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Liver disease was diagnosed in 14 (27%), with 7 having biliary tract
abnormalities on imaging and stool positive for Cryptosporidia; most
patients with Cryptosporidia were without diarrhea. The incidence of
Cryptosporidia is likely under-represented due to more recent availability
of sensitive assays for Cryptosporidia detection. Other liver abnormalities
included fatty liver, metastatic disease from malignancy and medication
related hepatitis. Vasculopathy, predominantly of the aorta and cerebral
arteries, was diagnosed in 7, with patients in the last 5 years being pro-
spectively imaged. Autoimmunity was rare (5%) including autoimmune
cytopenias and hypothyroidism. 36 of 50 with follow-up are alive (70%)
with age range 6-44 years. Of the 36 living patients, 28 (78%) have had a
HSCT. Causes of deaths include malignancy (6), infection (1), and HSCT
complications (7). Long-term follow-up of patients with HSCT (up to 6
years) has revealed resolution of the infection susceptibility and eczema,
no new cancers, and stabilization of vasculopathy.
Conclusions: In addition to the well described manifestations of DOCK8
deficiency including eczema, allergy, recurrent sinopulmonary infections,
skin viral infections and malignancy, our cohort revealed a relatively high
incidence of liver disease, frequently associated with stool positivity for
Cryptosporidia, as well as vasculopathy. Both of these clinical manifes-
tations should be considered during preparation for HSCT as they may
affect management through transplant. Autoimmunity has likely been
over-estimated in prior descriptions of DOCK8 deficiency. Long-term
follow-up after HSCT is needed to determine the prognosis from the
vasculopathy, liver disease, and malignancy risk.
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Introduction/Background: EXTL3 (Exostosin Like Glycosyltransferase
3) is an exostosin family member which initiates heparan sulfate (HS)
chain biosynthesis and elongation. We have reported homozygous
EXTL3 hypomorphic mutation (R339W) as a cause of immuno-
osseous-dysplasia syndrome. Fourteen patients who have EXTL3 homo-
zygous mutation were reported so far. Eight of them manifested T cell
lymphopenia, and 5 presented with severe combined immunodeficiency
(SCID) or Omenn syndrome. Using patient-derived induced pluripotent
stem cells (iPSCs) as a model, we have previously reported that EXTL3
mutations affect differentiation to thymic epithelial progenitor cells as
well as expansion of hematopoietic progenitor cells. Consistent with the
latter, previous studies have suggested that mutations in other genes in-
volved in HS biosynthesis affect hematopoietic stem cell (HSC) differen-
tiation. However, the exact mechanisms by which EXTL3 mutations
affect hematopoiesis are not known.
Objectives: We tried to clarify gene expression difference in HSCs de-
rived from wild-type, EXTL3 hypomorphic and EXTL3 knock-out (KO)
human iPSCs.
Methods: The control BJ iPSC line was engineered by CRISPR/Cas9
gene targeting. EXTL3 KO iPSCs were obtained which carried com-
pound heterozygous EXTL3 mutations (c.1003_1004insT;
c.1005_1006insGATATTT). HSC differentiation was induced using the
STEMdiff hematopoietic kit (STEMCELL technologies). Bulk RNA
from each iPS cells and each differentiated CD34+CD43+CD45+ was
analyzed by RNA sequencing.
Results: As compared to control iPSCs, patient-derived cells showed
slightly lower capacity to generate CD34+CD43+CD45+ cells. On the
other hand, EXTL3 KO cells showed no differentiation into CD34+

CD43+CD45+ cells. Gene Set Enrichment Analysis showed enriched
expression of genes involved in hematopoietic progenitor cell differenti-
ation, regulation of hemopoiesis, and positive regulation of hemopoiesis
in both control and patient-derived CD34+CD43+CD45+ cells compared
to parental iPSCs. Moreover, these gene sets were more abundantly
enriched in control than in patient-derived CD34+CD43+CD45+ cells.
The gene set of Response to type I interferon was significantly enriched in
control versus patient-derived CD34+CD43+CD45+ cells.
Conclusions: These results confirm that EXTL3 plays an important role
for HSC homeostasis in human cells. Because type 1 interferons play a
role in HSC proliferation, the decreased type I interferon signature may
account for the reduced number of HSCs that we have previously report-
ed upon in vitro differentiation of EXTL3-mutated versus control-derived
iPSCs.
This studywas supported by the Division of Intramural Research, NIAID,
NIH, under protocol 16-I-N139.
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Autoinflammatory syndromes are inherited disorders with an exaggerated
inflammatory response with no specific trigger. The clinical phenotypes
of variants of autoinflammatory syndromes may overlap.
We report a case of a 13 year old male with prior diagnosis of specific
antibody deficiency, Periodic Fever, Aphthous Stomatitis, Pharyngitis,
Cervical Adenitis (PFAPA) syndrome, arthralgia and moderate atopic
dermatitis.
He was diagnosed at 3 years of age with specific antibody deficiency
based on persistently low pneumococcal titers against repeat immuniza-
tions. Due to recurrent infections, he was placed on immunoglobulin
replacement therapy (IgRT) at 8 years of age. IgRT was discontinued at
13 years of age due to full resolution in infections and patient demon-
strated robust response to immunizations. Patient had lifelong history of
recurrent fevers (every 5 weeks) associated with pharyngitis and aphthous
ulcers consistent with diagnosis of PFAPA. As he became older these
episodes became less frequent. Last episode of fever was over a year
ago. The father had similar symptoms of recurrent fevers and oral ulcers
as a child but currently remains asymptomatic. Paternal grandfather died
of kidney disease.
Patient has been generally in good health until recent year with intermit-
tent abdominal pain, arthralgia and several long bone fractures with no
history of prior trauma. A bone density scan revealed osteopenia and
osteoporosis with a Z score of -2.2 of lumbar spine, -4.0 of left femoral
neck, -3.1 of left hip.
Given history of familial autoinflammatory disease, and antibody defi-
ciency genetic testing was obtained which identified a pathogenic hetero-
zygous variant of TACI and MEFV c.2082G>A (p.Met694lle). TACI
mutation has been linked to antibody deficiency syndromes. Genetic
study for family members is pending.
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The MEFV gene is associated with autosomal recessive familial
Mediterranean fever (FMF) and has been reported in autosomal dominant
FMF as well. FMF is characterized by recurrent episodes of fever asso-
ciated with serositis, arthralgia, and arthritis. Patients with FMF have
elevation in acute phase reactants during attacks with most returning to
normal levels during the episode-free periods. Multiple studies have
shown that patient with FMF have lower bone mineral density and Z-
scores than the general population. Inflammation in FMF is thought to be
mediated by several different cytokines (IL-1, IL-2, IL-6, IL-7, IL-8, IL-
11, IL-15 and TNF-). These same cytokines play a role in osteoclast
activity and bone resorption. It has been suggested chronic inflammation
during acute attacks and subclinical inflammation during the disease-free
period lead to bone loss and osteoporosis. Regular use of colchicine, the
main treatment for FMF, may slow down osteoporosis.
Beside careful monitoring of clinical and laboratory phenotype, genetic
evaluation is an important step in distinguishing between overlapping
entities and can prevent complication and promote targeted intervention.
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A 5 year old previously healthy boy was referred for periodic fever/
PFAPA and mosquito bite hypersensitivity. Eight weeks earlier he devel-
oped fever to 104F, mouth sores and exudative tonsillitis; a rapid strep
screen was negative. One week later he developed moderate cervical
lymphadenopathy and had a positive EBV Early Antigen antibody..
One month later he had several severe local reactions to mosquito bites.
Each manifested 6-8 cm of erythema and induration with a 1+ cm bullae
which left an ulcer after rupture and healed with a hypopigmented scar.
The bites were accompanied by fever to 104F for 4 days. One febrile
episode was treated with low dose prednisolone for presumed PFAPA,
and the fever resolved within hours. His past history was positive for
nasal allergy and mild asthma. His parents are not related: mom is of
European-Indonesian and dad European-African (Creole ancestry.
Testing prior to this visit showed normal IgG, IgA and IgM, elevated
IgE (12,000 U/L) and normal CBC. Lymphocyte subsets revealed
CD3+ 23% (1538/mcL), CD4+ 17% (1109/mcL), CD8+ 6% (363/
mcL), CD19+ 9% (587/mcL), NK cells 67% (4435/mcL). On examina-
tion he appeared well with height at 86th%ile and weight at 58th%ile.
There was no lymphadenopathy, hepatosplenomegaly or inflammed skin
lesions; there was a 1cm round scar on the right plantar surface at the site
of a prior mosquito bite. Laboratory studies confirmed NK lymphocytosis
64% (5459/mcL) and elevated IgE (29,600 U/L). Lymphoproliferation to
mitogens, CD3/CD28, CMVand HSVwere normal, but absent to tetanus
and candida antigens. EBV antibodies reflected past infection (VCA-
IgG+, VCA-IgM-, EBNA+); quantitative EBV PCR was >5,000,000
copies/mL whole blood. NK cytotoxicity and CD107a expression were
decreased. Bone marrow NK analysis suggested conality. The patient was
diagnosed with "hypersensitivity tomosquito bites with EBV-associated T-/
NK lymphoproliferation." This disorder represents a subset of chronic ac-
tive EBV (CAEBV) that is rarely seen outside of East Asia. The lack of
organomegaly or lymphadenopathy with hyper-IgE and NK lymphocytosis
and decreased NK function support the likelihood that NK cells are the
target of EBV infection in this patient. This diagnosis may be a precursor
to hemophagocytosis, liver necrosis or lymphoma/leukemia, and the only

curative treatment is bone marrow transplantation. The patient's sister is a
10/10 HLA match. She is seropositive for past EBV infection, and she has
no history of extreme reactions to mosquito bites. Genetic mutations that
cause familial hemophagocytic lymphohistiocytosis have not been reported
in CAEBV, and to the best of our knowledge familial cases of this disorder
have not been identified. The response to BMT in this patient is pending.
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Introduction/Background: A number of case reports have described symp-
tomatic hypogammaglobulinemia following administration of anti-epileptic
drugs (AEDs), specifically lamotrigine, carbamazepine, and levetiracetam.
Themechanism bywhich symptomatic hypogammaglobulinemia develops
is unclear. We evaluated the prevalence and the clinical significance of
hypogammaglobulinemia associated with use of these AEDs.
Objectives: Our aim was to characterize the prevalence of AED-induced
hypogammaglobulinemia, identify specific AEDs associated with
hypogammaglobulinemia, and characterize the timeline to development
of hypogammaglobulinemia after initiation of therapy.
Methods: A retrospective, multicenter, electronic medical record review
spanning 18 years identified patients with hypogammaglobulinemia who
were on AED therapy (lamotrigine, carbamazepine, or levetiracetam).
Patients were excluded if they had a pre-existing primary immunodefi-
ciency (PID), malignancy, protein-losing enteropathy, or significant pro-
teinuria. Patients on chronic immunosuppressive therapy, those without
laboratory criteria for hypogammaglobulinemia, or those on one of the
AEDs for less than one month were also excluded.
Results: Of the 316 cases reviewed, 5 patients met our inclusion criteria.
The median age was 35; 80% were adults, 80% were female, and 80%
were white. Lamotrigine was implicated in 3/5 of the cases, carbamazepine
in 2/5, and levetiracetam in 1/5. Tetanus and pneumococcal titers were
available for 4/5 patients. Of those patients, 3/4 had protective titers to both
per report with responses to >70% of the serotypes. Only one patient
reported severe, recurrent infections while the remaining four had little to
no symptoms. Interestingly, the patient with severe infections did have
protective titers. Of the five laboratory proven hypogammaglobulinemia
patients, one died of an infection, two have continued on the medication
due to refractory seizures responsive only to thesemedications, and two are
currently being tapered off of their AED.
Conclusion: While it appears that AED-induced hypogammaglobulinemia
is quite rare, it should be considered in a patient without other secondary
causes of hypogammaglobulinemia on AED therapy. Many antiepileptics
downregulate NFkB signaling suggestive that patients who develop symp-
tomatic hypogammaglobulinemia may have hypomorphic mutations in the
NFkB signaling pathway.
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Autoimmune Lymphoproliferative Syndrome (ALPS) results from defec-
tive apoptosis of lymphocytes mediated through the Fas/Fas ligand
(FasL) pathway. The hallmark lab finding is an expansion of T cells that
express the alpha/beta T cell receptor, but lack both CD4 and CD8 (dou-
ble negative T cells) in the setting of normal or elevated lymphocyte
counts. Patients present with chronic, nonmalignant, noninfectious
lymphadenopathy or splenomegaly. For definitive diagnosis, patients
need to have (1) a pathogenic mutation in FAS, FAS ligand or caspase
10 or (2) a defective FAS-induced lymphocyte apoptosis. We describe a
probable case of ALPS with heterozygous mutation in FAS
c.287A>G(p.His96Arg), a variant that has not been previously reported
(his lymphocyte apoptosis assay is pending). Unique to this case is the
patients Castleman disease-like features on pathology.
A 15 year-old male referred from hematology clinic presented with an 8
year history of chronic lymphadenopathy, splenomegaly, anemia, and no
underlying diagnosis. Malignancy had previously been excluded by bone
marrow aspirate and biopsy 8 years prior. However, he had a right sided
lymph node that had increased in size for the past 4 months. He was
otherwise asymptomatic. A lymph node biopsy 7 years prior was report-
edly normal. His exam demonstrated significant bilateral lymphadenop-
athy, greater on right, with an approximately 8 x 6 cm mobile right neck
mass. He had splenomegaly palpated 7 cm down and across to midline.
He was therefore admitted for excisional lymph node biopsy to evaluate
for possible malignancy and labs were sent to evaluate for ALPS.
Labs were supportive of ALPS. He had elevated Tcell receptor alpha beta
double negative T cells (TCR a/b DNTCs) in blood (10.5%). B12 level
was elevated (>1000 pg/mL). Plasma soluble FASL level was elevated
(5517 pg/mL). Interleukin-10 (IL-10) and IL-18 levels were elevated (88
and 909 pg/mL respectively). He had multilineage cytopenias: anemia
with Hgb of 9.5 g/dL and neutropenia (absolute neutrophil count of
1380 K/uL). He had hypergammaglobulinemia with an IgG level of
2010 mg/dL. Broad infectious work-up was negative, including HIV,
QuantiFERON, Cocci, Bartonella, Toxoplasma, Coxiella burnetii, EBV
PCR and, CMV IgM.
Lymph node biopsy showed no evidence of malignancy.
Immunostains and flow cytometry showed the presence of expanded
TCR a/b DNTCs in the lymph node, consistent with ALPS.
Interestingly, lymph node histology showed morphologic features typ-
ical of plasma cell variant Castleman disease. Numerous Castleman-
like follicles showed typical regressive changes with onion-skinning
morphology. Paracortical hyperplasia with sheets of plasma cells was
noted. There was negative staining for HHV8 (a well-known cause
of plasma cell variant Castleman disease).
The diagnosis of idiopathic multicentric HHV8-negative Castleman
disease was excluded by definition in the setting of ALPS, per
evidence-based consensus criteria published in 2017. In addition,
our patient did not show any symptoms typically associated with it,
such as fever, night sweats, weight loss, weakness or fatigue. Should
his FAS-induced lymphocyte apoptosis be defective (in 2 separate
assays), this would confirm his ALPS-FAS diagnosis and we would
start the patient on sirolimus.
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Introduction: SLC46A1 gene encodes the proto-couple folate transporter
(PCFT), which supports intestinal folate uptake, and participates in folate
transport into the central nervous system. SLC46A1 mutations cause
PCFT defects, resulting in low folate levels in serum and cerebrospinal
fluid. Hereditary folate malabsorption (HFM) is a rare, autosomal reces-
sive disorder with PCFT deficiency resulting in cerebral folate deficiency.
Most of the patients present megaloblastic anaemia, moderate pancytopenia
in the first few months of life, failure to thrive, diarrhoea and/or later onset
neurological symptoms including seizures and developmental delay.
Immunod e f i c i e n c y i n HFM can man i f e s t i t s e l f w i t h
hypogammaglobulinemia with normal T-cell function. B-cell precursor
compartment seems to be particularly vulnerable to folate deficiency in
someHFMpatients. This immunodeficiency can be restoredwith specific
treatment with folic acid.
Aim: To describe a female patient with a homozygous pathological var-
iation in the SLC46A1 gene.
Results: A 17 months old girl, born of non-consanguineous parents. She
started at 3 months old with diarrhoea due to rotavirus, low weight and
bicytopenia with normal bone marrow aspiration. She presented low levels
of folic acid 1.5ng/ml (NV 3.1-20.5 ng/ml) at first thought due to secondary
to malnutrition. Treatment with folic acid supplementation was administrat-
ed, improving platelets counts. At 5 months old she presented steatorrhea
with severe perianal panniculitis which required surgical treatment. No
germs were rescued after a skin biopsy. Moreover, she suffered from a
respiratory infection due to Picornavirus with two episodes of pneumotho-
rax which required intensive care. At that moment IVIG treatment was
administered due to hypogammaglobulinemia and clinical severity.
Chronic diarrhoea worsened with bloody depositions. Three rectal ulcers
were found in the gut biopsy. Bowel inflammatory disease was suspected
and mesalazine administration was started with weight improvement.
Furthermore, at 10 months old she presented 3 status epilepticus, with
pathological EEG and normal MRI; one of them related to a CMV infec-
tion, successfully treated.
In the immunological evaluation IgG and IgAwere low with normal IgM
and IgD. The protein-antibody response was not evaluated. She presented
normal lymphocyte and Tcells extended populations, Tcells proliferation
assay, DHR, Treg cells, complement, CD107a expression, alpha-fetopro-
tein, without autoantibodies
A molecular panel testing was done by NGS and a homozygous variant in
SLC46A1 gene was found, causing impaired intestinal folate absorption.
Conclusion: HFM should be considered in the diagnosis of patients with
cytopenias and hypogammaglobulinemia in order to provide specific
treatment.
HFM has wide clinical manifestations, not only with megaloblastic anae-
mia and neurological impairment but also with gastrointestinal and skin
manifestations. With folate treatment, clinical and immunological defects
can be normalized.

(172) Submission ID#604754

A Case Report of Focal Epithelial Hyperplasia (Hecks Disease) with
Elevated Tumor Necrosis Factor Alpha

J Clin Immunol (2019) 39 (Suppl 1):S1–S151S104



Zoya Treyster, MD1, Sara Sussman, MD2, David Rosenthal, DO, PhD3

1Fellow, Division of Allergy& Immunology, Donald and Barbara Zucker
School of Medicine at Hofstra/Northwell
2Fellow, Department of Pediatrics, Zucker School of Medicine at Hofstra
Northwell School of Medicine
3Assistant Professor of Medicine and Pediatrics, Donald and Barbara
Zucker School of Medicine at Hofstra/Northwell

Introduction: Multifocal epithelial hyperplasia (MEH), or Hecks Disease,
is a rare, benign infection of themucosa caused by human papilloma virus
(HPV). Clinically, MEH manifests as numerous painless, soft, sessile
papules or plaques, and typically occurs in the labial, lingual, and buccal
mucosa. MEH lesions are usually associated with HPV types 13 and 32,
and seen more commonly in patients of Caribbean or Central/South
American descent. Prior studies in adults have shown that Tumor
Necrosis Factor Alpha (TNF) promotes HPV, and may influence duration
of HPV infection.
Case: We present a five-year-old full term male of Haitian descent referred
for assessment of multiple flesh colored, papular lesions on the buccal and
labial mucosa that had persisted and quantitatively increased over one year,
although some lesions regressed. He had no pain or difficulty eating.
Medical history significant for one seizure; negative for infection. No fam-
ily history of infection, immunodeficiency, consanguinity, or miscarriage.
Head and neck examination failed to reveal cervical lymphadenopathy,
masses, or hypertrophy in the salivary glands. Intraoral examination re-
vealed multiple papular nodules, mostly flat although some were corrugat-
ed. The greatest concentration was noted on the lower left labial surface
extending to the mucosal vermillion interface, not involving the vermillion
or commissure region. Lesions extended into the mandibular vestibule and
the left buccal mucosa. No other lesions were noted on extremities, genita-
lia, or any other visualized mucosal surface. Based on history and exam, he
was diagnosed with MEH. White blood cell count, neutrophils, lympho-
cytes, CD4 and CD8 Tcell, B cell, NK cell enumeration, and immunoglob-
ulin panel were normal for age. Tetanus and Streptococcus pneumoniae
titers were protective. Cytomegalovirus IgG and IgM were negative.
Epstein-Barr Virus IgG was positive, IgM and Early Antigen Ab negative.
Serology was significant for elevated TNF (84 pg/mL; reference range
<22pg/mL) while interferon gamma and interleukins 1, 2, 4, 5, 6, 8, 10,
12, 13, and 17 were normal, as was IL-2 receptor CD25. One month after
the initial visit, lesions were stable and unchanged. Nine-valent HPV vac-
cination was considered, but not administered.
Conclusions: MEH is a rare but benign disease caused by HPV.
Awareness of the disease and its course is important to prevent unneces-
sary expanded immunodeficiency work-up and possible procedures to
eliminate lesions. Although mucosal immunity can be site specific, espe-
cially with HPV, our understanding of T-cell cytokine and chemokine
responses to HPV in cervical and laryngeal lesions may be instructive.
The mechanism which allows HPV persistence in MEH is not character-
ized, but it likely is due to increased viral persistence and an inability for
the host immune response to successfully induce viral latency and suc-
cessful containment. Elevated TNF levels, with normal levels of IL-2, IL-
6, IL-8, IL-10, may correlate with decreased clearance of HPV and
prolonged duration of MEH. It remains unclear if viral persistence is
the cause of, or the sequela of, increased TNF. Longitudinal monitoring
of cytokine (TNF, IL-2, IL-6, IL-8, IL-10) and chemokine (CCL17,
CCL18, CCL19, CCL20, CCL21, and CCL22) serum concentrations
may be useful biomarkers for disease resolution.
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Introduction: Autosomal dominant Hyper IgE (Jobs) Syndrome is a rare
primary immunodeficiency characterized by eczema and sinopulmonary
infections as well as musculoskeletal and vascular complications. As in
all chronic illnesses, patient education is an ongoing need. In the rare
disease population, patient education is especially important as patients
must be able to explain their unique healthcare concerns in a variety of
medical settings. We focused on AD-HIES, due to our relatively large
cohort of patients, the frequent lack of classic signs of illness often
impairing diagnosis of severe infection, and the diverse non-
immunologic clinical features of this disease.
Objectives: We aimed to increase understanding of the clinical manifes-
tations of AD-HIES to promote earlier recognition of symptoms and to
increase self-efficacy for symptom management in the adult HIES
population.
Methods: Adult patients were asked to participate in a patient education
project. Demographic information was collected from participants. They
also completed a 12-item multiple choice test about symptom recognition
in AD-HIES and PROMIS Self-Efficacy for Managing Symptoms, an 8-
item validated survey. Then, patient education handouts that focused on
pulmonary symptoms, eczema, bone health, and cardiovascular compli-
cations were reviewed with the participant. Six weeks later, participants
were asked to repeat the 12-item test and the self-efficacy Survey. The
demographic information, test, and self-efficacy were collected
anonymously.
Results: 33 participants provided demographic information, completed the
test and the Self-Efficacy Survey. Of the 33 participants, 15 were male and
17 were female. Participants ranged in age from 18 to 66 years. 22/33
(67%) reported looking for information about AD-HIES using search en-
gines and most patients (91%) report that they have been given information
about AD-HIES from a doctor. 19/33 (58%) participants identified pulmo-
nary symptoms as the symptom that concerns them most and 10/33 (30%)
participants identified more than one symptom of concern. 25 participants
returned the second test and second survey. The mean test score increased
from 9.08 to 10.28 with 23/25 participants achieving a score of 9/12 or
higher. The self-efficacy scores were unchangedwith amean score of 50.08
before reviewing the patient education handouts and 50.13 after.
Conclusions: Participant feedback to this project was generally positive.
AD-HIES patients are seeking information and an educational interven-
tion can improve their understanding of disease. Self-Efficacy results
were mixed and unchanged overall, but suggest that AD-HIES patients
manage symptoms as well as other patients with chronic illnesses. Patient
education should continue at each encounter. This project can be expand-
ed to include more topics, pediatric patients, and other rare disease pop-
ulations. Funded by the NCI Contract No. HHSN261200800001E
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Introduction: BCL11B plays an important role in the development and
maintenance of the immune system and the central nervous system.
Expression of BCL11B represses NK and myeloid factors while inducing
T cell lineage genes in thymocytes at the DN2 stage. Conditional loss of
Bcl11b expression in murine thymocytes leads to T cell deficiency while
complete knockout of Bcl11bwas fatal within a few days of birth. Recently,
specific heterozygous BCL11B mutations have been reported in 11 indi-
viduals with global development delay. However, only 2 of these cases,
both carrying heterozygousmissense variants, had low TREC values with 4
other cases having frequent infections. Little is known regarding the impact
of BCL11B on human NK and T cell function.
Methods: We identified a novel heterozygous truncating mutation in
BCL11B in an infant who was first detected by TREC newborn screen-
ing. She subsequently developed severe autoimmune hemolytic anemia at
the age of 3 months. We used standard immunoblotting and flow cytom-
etry methods to assess protein expression and the impact of this BCL11B
mutant on T cell and NK cell development and function.
Results: The patient has a novel single base-pair deletion in the BCL11B
gene, which is predicted to produce a truncated protein with the loss of 3
of 6 zinc finger domains in BCL11B. Immunoblotting of T cell blast
lysates revealed a reduced BCL11B expression in the patient consistent
with the heterozygous defect in BCL11B but also generated a novel band
with a smaller molecular weight that we postulate represents the truncated
protein product. While mitogen responses to ConA and PHA were nor-
mal, both CD4+ and CD8+ T cell counts were decreased, especially
CD4+ naïve and CD4+CD31+ naïve T cells, suggesting reduced thymic
output. The function of TH1 cells was skewed with reduced IL-2 produc-
tion but increased IFN levels after PMA and ionomycin stimulation.
Moreover, T regulatory cell counts were below normal range. NK cell
counts were normal but these were mostly CD56bright NK cells. Of the
fewCD56dimNK cells that presented, approximately half did not express
CD16, the Fc receptor for ADCC. Perforin was only present in CD16
expressing NK cells. As such, anti-CD16 stimulation understandably led
to low but not defective NK cell degranulation. Function after stimulation
with K562 cells was normal when controlled for NK cell counts.
Conclusion: We report a novel BCL11B truncating mutation with a leaky
SCID phenotype that manifested with T-cell lymphopenia and autoim-
munity. Lowered thymic-derived naïve T and regulatory T cells, skewed
TH1 cytokine response, and incomplete NK cell development suggests
that BCL11B is important for the development and differentiation of
multiple lymphocyte lineages.
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Introduction: Chronic diarrhea is one of the most common gastrointesti-
nal complaints in patients with common variable immune deficiency

(CVID) and can lead to life-threatening complications such as malabsorp-
tion and malnutrition. Chronic diarrhea in CVID could be caused by
infections, an inflammatory bowel disease-like picture, as well as malig-
nancy. Giardia lamblia is one of the most common parasites causing
diarrhea in CVID (up to 40%), and can be refractory in these patients,
leading to villous atrophy, weight loss, and failure to thrive.
Case Report: A 41-year-old female with a history of CVID presents with
chronic diarrhea and significant weight loss. Her CVID was diagnosed by
hypogammaglobulinemia (low levels of IgG, IgM, and IgA), inadequate
responses to protein and polysaccharide-based vaccines, decreased mem-
ory B cells (CD19+CD27+ 0.5%), and recurrent sinopulmonary infec-
tions. She was started on immune globulin replacement therapy and had
significant improvement in her rate of infections. Four years before her
presentation to our center, she developed chronic, severe diarrhea. Work
up revealed Giardia lamblia infection on endoscopy and colonoscopy.
Biopsy showed intraepithelial lymphocytes, villous blunting, and atro-
phic gastritis with rare plasma cells concerning for non-infectious enter-
opathy related to her CVID, in addition to the high burden of Giardia
organisms. She was initially treated with metronidazole for several
weeks. However, her diarrhea did not improve, and she developed signif-
icant peripheral neuropathy leading to lower extremity weakness and
limited mobility. Her diarrhea persisted and was associated with approx-
imately a 20-pound weight loss. Repeat endoscopy and colonoscopy two
years later showed persistent high burden Giardiasis of the small intestine,
as well as reactive lymphocytic infiltrates and atrophic gastritis. She was
treated with nitazoxanide but continued to have diarrhea, and her stool
continued to show trophozoites. Given the significant inflammation and
the lack of response to multiple antiparasitic agents, she was referred to
our center for further evaluation. She was started on oral budesonide
(9 mg daily) and oral immune globulin (20 grams weekly for 12 weeks).
With this regimen, she had significant improvement in her diarrhea with a
10-pound weight gain. Repeat colonoscopy showed considerable im-
provement in inflammation and resolution of her Giardia infection,
though her stool antigen continues to be positive.
Conclusions: Persistent diarrhea in our patient is most likely due to a
combination of CVID enteropathy and Giardiasis. A prolonged course
of metronidazole and later nitazoxanide did not control her diarrhea and
led to significant side effects. Switching to an immunomodulatory ap-
proach significantly decreased the inflammation in her bowel and may
even have helped to reduce the burden of Giardia in the gut. Targeting
both underlying bowel inflammation as well as active infection in CVID
patients with chronic diarrhea might be needed to control symptoms.
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Introduction: Sphingosine-1-phosphate (S1P) is a lipid chemoattractant
that is critical for lymphocyte egress from lymphoid organs. Following a
S1P concentration gradient maintained by S1P lyase ubiquitously
expressed in tissues, lymphocytes within lymphoid organs are drawn to
efferent lymph and blood unless their S1P receptor is internalized or
downregulated. Owing to diminished degradation of not only S1P, but
also other sphingoid bases, deleterious mutations in SGPL1 (encoding
S1P lyase) perturb sphingolipid catabolism in numerous tissues.
Correspondingly, human S1P lyase deficiency results in multiorgan dys-
function including kidney, skin, endocrine gland, and neurologic impair-
ment alongside expected lymphopenia. Although severe T cell lympho-
penia (<300 cells/microliter) rivaling that of severe combined
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immunodeficiency (SCID) can be seen in patients with S1P lyase defi-
ciency, no such patients have been identified by newborn screening of T
cell receptor excision circle (TREC) counts, which are a surrogate mea-
sure of effective Tcell production. Herein, we describe an infant boy with
an undetectable TREC count at birth who was found to have two novel,
biallelic SGPL1 mutations resulting in S1P lyase deficiency.
Case Description: A 1-day-old boy with a preceding history of fetal
hydrops is born at a gestational age of 36 weeks and presents with renal
failure, anasarca, and respiratory failure. TREC analysis of a dried blood
spot obtained at 24 hours of life reveals zero copies/microliter.
Subsequent peripheral blood studies show profound lymphopenia, with
diminished CD3+ T (129/microliter; 96 CD4+, 27 CD8+), CD19+ B
(130/microliter), and CD16/56+ natural killer (124/microliter) cell counts.
Recent thymic emigrants are reduced (11.3% of CD4+ T cells are
CD45RA+CD31+), as is the ratio of naïve-to-memory CD4+ T cells
(63% CD45RA+, 37% CD45RO+). Expedited whole genome sequenc-
ing identifies two novel variants in SGPL1 a paternally inherited splice
site variant (c.1566+2T>C) predicted to impact a canonical splice donor
site, and a maternally inherited missense change (c.854G>A;
p.Cys285Tyr) located in a well-established functional domain of S1P. In
addition to nephrotic syndrome and lymphopenia, the patient displays
evidence of adrenal insufficiency and has increased plasma levels of
sphingoid bases and ceramides. Before further analyses could be pursued,
the infant dies at 40 days of age due to ongoing complications of renal
failure and eventual cardiorespiratory failure.
Summary: We report the first case of S1P lyase deficiency identified by
newborn TREC screening for SCID. As SGPL1 is not included in most
commercially-available, SCID-tailored gene panels, S1P lyase deficiency
would be missed by conventional genetic testing. Therefore, analysis for var-
iants in SGPL1 should be considered in neonates with low-to-undetectable
TREC counts, nephrotic syndrome, and other suggestive sequelae.
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I n t r o d u c t i o n / B a c k g r o u n d : WH IM Syn d r ome (w a r t s ,
hypogammaglobulinemia, recurrent infections, and myelokathexis) is a rare
autosomal dominant primary immunodeficiency. It is caused by a defect in
the gene encoding the chemokine receptor CXCR4. This receptor, alongwith
the associated ligandCXCL12, regulates leukocytemigration.We present the
case of a 40-year-old female, who presented after she self-identified the sig-
nature signs of WHIM syndrome in herself and multiple family members.
Objectives:We present the case of a 40-year-old female who presented with
a history of recurrent warts, leukopenia of unknown cause, and recurrent
infections as a child. As a child, she experienced multiple ear and sinus
infections, along recurrent warts on her upper and lower extremities that
have persisted to this day. Furthermore, during a routine examination when
she was 14-years-old, she had a complete blood count drawn significant for
leukopenia. No further workup was undertaken at that time. When contin-
ued leukopenia was noted at the age of 30, referral to a hematologist and a
bone marrow biopsy was completed. Bone marrow was significant for
myelokathexis with borderline hypercellular marrow for patient age (80%
cellularity), and normal cell line quantity. A trial of neupoegen was under-
taken, without significant improvement. Her family history is significant for
father and brother with both leukopenia and recurrent warts.
Results: Genetic analysis showed a heterozygous pathogenic variant in
the CXCR4 gene, C.1012_1015dup (p.Ser339Phe fs*6). Recent com-
plete blood count was significant for a total WBC count of 1.0 K/uL,
with a differential consisting of 30% neutrophils and 57% lymphocytes.
Lymphocyte subsets were significant for quantitatively low CD3+, CD8+

and CD19+ subsets, with normal numbers of CD4+ and NK cells.
Immunoglobulin levels revealed an IgG of 835 mg/dL, IgA of 145 mg/
dL, and IgM of 54 mg/dL; IgG anti-diphtheria and tetanus titers were
protective, however, none of the 23 S. pneumoniae serotype titers were >
1.3 ug/mL. Mitogen (PHA, ConA and PWM) and antigen (Candida and
tetanus) stimulation of lymphocytes were normal for all stimuli.
Conclusions: We present the case of a 40-year-old female with a history
of recurrent infections, warts, and myelokathexis. On genetic analysis,
she is noted to have a pathogenic mutation of the CXCR4 gene. The
substitution of a phenylalanine for a serine decreases one of the seven
serine phosphorylation sites in the carboxy tail of the molecule that occurs
upon binding to its ligand, CXCL12 (SDF1). Additionally, the variation
generates a premature stop condon terminating the remainder of the
carboxy terminal amino acids including Ser346-7, known to have a role
in carboxy terminial beta-arrestin binding. Failure to generate adequate
beta-arrestin binding sites leads to prolonged CXCR4 CXCL12 interac-
tion resulting in myelokathexis.
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Background: Lacking protective antibodies, patients with Primary
Antibody Deficiencies (PAD) suffer from frequent respiratory infections
leading to chronic pulmonary damage. Macrolides prophylaxis has been
proven effective to successfully manage chronic lung diseases as cystic
fibrosis, bronchiectasis, COPD. We conducted a trial to evaluate the effi-
cacy and safety of orally low-dose azithromycin prophylaxis when added
to the usual care in PAD patients.
Methods: A 3-year, phase II, prospective, multicenter, randomized, dou-
ble-blind, placebo-controlled trial on PAD patients (age 18-74 years) with
chronic infection-related pulmonary disease. Patients received
azithromycin 250 mg or placebo once daily three-times a week for 24
months. The primary outcome was the decrease of annual episodes of
respiratory exacerbations. Secondary endpoints included: time to the first
exacerbation, number of hospitalizations, additional doses of antibiotics,
Health Related Quality of Life measures, and safety.
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Results: Forty-four patients received azithromycin and 45 patients re-
ceived placebo. The mean number of exacerbations was 3·6 per patient-
year (95%CI 2·5-4·7) in the azithromycin arm, and 5·2 (95%CI 4·1-6·4) in
the placebo arm (p=0·02). In the azithromycin group the HR for having an
acute exacerbation was 0·5 (95%CI 0,3-0·9, p=0,03) and the HR for
hospitalization was 0.5 (95%CI 0,2-1·1) (p=0·04). The rate of additional
antibiotic treatment per patient-year was 2·3 (95%CI 2·1-3·4) in the in-
tervention and 3·6 (95%CI 2·9-4·3) in placebo groups (p=0·004).
Improvement in HRQofL was observed in intervention group.
Azithromycins safety prole was comparable with placebo.
Conclusion: In PAD with respiratory exacerbation, azithromycin prophy-
laxis led to reduction of exacerbation episodes, of additional courses of
antibiotics, and of risk of hospitalization. Given the deleterious effects of
respiratory diseases adding azithromycin to PAD treatment should be
considered as a valuable option.
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Background: The autosomal-dominant hyper-IgE syndrome (HIES), is a
primary immunodeficiency caused by mutations in signal transducer and
activator of transcription 3 (STAT3) that leads to defective Th17 immunity.
Adverse reactions following 23-valent pneumococcal polysaccharide vac-
cine (PPSV23) have been reported in 75% of STAT3-HIES patients, in-
cluding severe local reactions that appear to be specific to this vaccine.
Case report: We present the case of a six-year-old girl, second child of non-
consanguineous healthy parents, that developed an extensive inflammatory
skin reaction at the vaccination site following a single dose of PPSV23. The

vaccine was prescribed due to history of recurrent respiratory tract infections
and an incomplete vaccine calendar with no previously administered pneu-
mococcal vaccines. The reaction began after 2 hours with local erythema and
edema at vaccination site, expanding in 48 hours to a phlyctenular lesionwith
no well-defined borders. Within the first 3 weeks, it progressively evolved to
a deep necrotic lesion that required surgical debridement. The subsequent
skin defect required surgical repair with a split-thickness skin graft from her
right thigh as the donor site. The complete wound healing process took about
5 months, leaving a large scar (figure).
The patient had a longstanding history of recurrent infections with multiple
hospitalizations including severe neonatal pneumonia that required respira-
tory support, a colon perforation with secondary peritonitis and septic shock
that required a hemicolectomy at 8 months of age, recurrent oral candidia-
sis, recurrent pneumonias of different lobes, recurrent acute otitis media, a
cervical phlegmon, three episodes of dental abscess and multiple kidney
abscesses due to Gram-negative bacteria treated with intravenous antibi-
otics and surgical drainage. Family history is notable for an older sibling
that died due to sudden infant death syndrome. The patients mother has
large and wide nose suggestive of STAT3-HIES phenotype, but no history
of infections. Immunological work up showedmild eosinophilia (850 cells/
mm3), elevated IgE (1850 mg/dl), normal IgG, IgA, IgM and lymphocyte
subsets (CD3, CD4, CD8, CD16, CD56). Peripheral Th17 cells weremark-
edly decreased (0.6% vs. 3.7% of normal control). Specific pneumococcal
antibodies evaluated 1 month after PSV23 revealed 5/10 serotypes in pro-
tective levels. High resolution thorax CTshowed multilobar bronchiectasis.
Echocardiogram and total spine x-rays were normal. STAT3-HIES was
suspected with a National Institutes of Health score of 40. A novel hetero-
zygous missense variant in STAT3 affecting the SRC homology 2 (SH2)
domain (p.Lys591Glu) was found by next-generation panel sequencing. A
variant in the same position (p.Lys591Met) has been previously reported in
a HIES patient (ClinVar). Currently, she is on monthly IVIG and prophy-
lactic antibiotics (cotrimoxazole, azithromycin and fluconazole).
Conclusions: The case presented raises awareness on the risk of severe
local adverse reactions to PPSV23 in STAT3-HIES patients. The etiology
of such reactions is unclear and warrants further study. The benefits and
risks of immunizing STAT3-HIES patients with PPSV23 should be
weighed carefully by medical providers.
Acknowledgments. Genetic sequencing was kindly provided byDrs. Raif
Geha and Janet Chou at the Division of Immunology, Allergy,
Rheumatology and Dermatology, Boston Children's Hospital, Harvard
Medical School.
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Abstract (Max 500 words)
Introduction: DOCK8 deficiency is a rare primary immunodeficiency
characterized by susceptibility to viral infections, atopic eczema, defec-
tive T-cell activation and TH17 differentiation, impaired eosinophil ho-
meostasis and dysregulation of IgE. To date, there are no reported cases
from Malaysia.
Objective: We aimed to describe the clinical, immunological profile and
mutational analysis of three siblings of consanguineous parents, presented
with Hyper-IgE and lymphopenia between the years 1998 and 2012, which
were solved by mutational analysis of the second and third siblings.
Methods: Clinical data and investigation results were collated from the
medical record. Scoring of the symptoms and physical examination find-
ings using NIH score was performed. T, B, NK lymphocyte subsets and
serum IgG, IgA, IgM, total IgE quantification, lymphocyte proliferation
test and pneumococcal specific antibody response were performed.
Mutational analyses were performed in Freiburg, Germany.
Result: Three siblings presented at different time points over a 20-year
span with raised IgE levels, recurrent infections, eczema, hyper-
eosinophilia and bronchiectasis. The NIH scores for hyper-IgE syndrome
(HIES) ranged from 39 54. We also documented two serious infections in
the siblings, which were disseminated Cryptococcus neoformans and

Salmonella sp. Immunological results showed T-cell lymphopenia, defec-
tive T-cell proliferation, decreased IgM, raised IgE, hyper-eosinophilia
and defective pneumococcal antibody responses present but not in all 3
siblings. We identified a large deletion in DOCK8 starting from exon 30-
48 in 2 of the siblings from mutational analysis performed. We will
proceed with next generation sequencing and DOCK8 protein assay in
Malaysia to further characterize the defect.
Conclusion: Our on-going study is the first description of DOCK8 in a
family fromMalaysia. The diagnosis ofDOCK8 should be suspected in cases
with raised IgE levels, recurrent infections and lymphopenia, despite nowarts
infection in the history. This study emphasized the importance of international
research collaboration and networking in solving complicated cases.
The following grants are acknowledged: 1. RUI 1.1001/CIPPT/812036
(USM) 2. BMBF 01 EO003 (Freiburg)
The authors would like to thank the Director General of Health of
Malaysia for permission to publish this scientific presentation.
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The index patient presented at the age of 4 years with increased suscepti-
bility to lower airway and gastrointestinal infections (hospital admissions
5x/year until puberty). She suffered from mumps and varicella disease
despite immunization, as well as from recurrent local, partially destructive
HSV infections. She was diagnosed with common variable immunodefi-
ciency (CVID) at age 13 and started on immunoglobulin replacement ther-
apy. Following a hypoglycemic seizure at age 20, the patient was diagnosed
with isolated ACTH insufficiency with secondary adrenal insufficiency
requiring hormone substitution. During and following her first pregnancy
at age 25, she suffered from recurrent bronchopneumonias including
Pneumocystis jirovecii infection, resulting in bronchiectases documented
on chest CT at age 30. Currently, chronic lung disease is severely limiting
her quality of life (Table 1). Her daughter was noticed to be
hypogammaglobulinemic soon after birth and failed to develop antibody
responses to inactivated vaccines. She was started on immunoglobulin re-
placement therapy. She has not suffered from severe lower airway infec-
tions, but developed alopecia totalis at age 10 and nail dystrophy.
Wh o l e e x om e s e q u e n c i n g r e v e a l e d a h e t e r o z y g o u s
c.2553_2554insACCCGAG (p.Lys855ProfsTer33, NM_001077494)
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mutation in exon 22 of NFKB2 in both mother and daughter. This
monoallelic loss-of function frameshift mutation was not found in
gnomad, GVS Washington or ClinVar databases. As previously pub-
lished, a monoallelic mutation in this c-terminal domain leads to impaired
phosphorylation and subsequent reduced nuclear translocation of the
NFKB2/p52 active form. Pediatricians and internal specialists need to
be aware of the combination of hypogammaglobulinemia, ACTH defi-
ciency, immune dysregulation and ectodermal dysplasia which is unusual

for CVID - possibly indicating NFKB2 deficiency. This clinical syn-
drome may overlap with symptoms and signs found in both APECED/
AIRE (AR) and EDA-ID/NFKBIA (AD) deficiencies. Besides IG and
hormone replacement therapy, curative treatment with hematopoietic
stem cell transplantation is a therapeutic option for patients with
NFKB2 deficiency, although the experience is limited.
Table 1. Clinical and immunological features of index patient and
daughter
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Introduction: The modes of immunoglobulin (IG) administration for pri-
mary immunodeficiency diseases (PIDD) differ in pharmacokinetics, in-
fusion parameters, and tolerability. During 3 consecutive clinical studies,
a cohort of 30 patients with PIDD experienced all 3 modes of adminis-
tration with the same IG 10% product in sequence from intravenous (IV)
to subcutaneous (SC), then to hyaluronidase-facilitated SC (IGHy), pro-
viding a unique opportunity to assess each administration modality within
the same patient cohort treated and observed at the same sites. Here we
report the rates of infections stratified by IgG trough levels, and the rates
of adverse events (AEs) with the 3 modes of IG administration (IVIG,
SCIG, IGHy) within this patient cohort.

Design and Methods: This analysis included patients with PIDD aged 4
years who participated in 3 clinical studies: in Study 1 (NCT00546871)
patients received IVIG 10% every 34 weeks followed by weekly SCIG
10%; in Study 2 (NCT00814320), patients were treated with IGHy every
34 weeks; in Study 3 (NCT01175313; extension of Study 2), patients
continued with the same IGHy dose. To assess a potential association
between the administration route at comparable IgG trough levels and
the infection rate, IgG trough levels were categorized as 500 <700mg/
dL, 700<900mg/dL, 900<1100mg/dL, 1100<1300 mg/dL, 1300 <1500
mg/dL and 1500 mg/dL. Periods where patients had trough levels within
these strata were assessed, and the infection frequency was calculated.
The time periods for this analysis were 3 months for IVIG and 12 months
each for IGHy and SCIG 10% (2.25 years) treatments. In order to account
for differences in the frequency of administration, rates of systemic and
local AEs were assessed as AEs/patient-year for each mode of therapy.
Results: For IgG trough levels of <1500 mg/dL, the associated annual
infection rates were lower or similar for IGHy than SCIG (2.3 vs 3.5
[1300<1500 mg/dL]; 2.6 vs 3.8 [1100<1300 mg/dL]; 3.6 vs 6.2
[900<1100 mg/dL]; 1.4 vs 5.0 [700<900 mg/dL]; 2.0 vs 2.0 [500<700
mg/dL). For IgG trough levels 1500 mg/dL, the annual infection rate
(95% CI) appeared to be lower for SCIG versus IGHy treatment
(2.6 [1.83.7] vs 4.2 [1.210.3]) with shorter periods of observation
and wide 95% confidence intervals. The rates of causally related
systemic AEs/patient-year were lowest during IGHy (0.88) versus
SCIG (1.93) and IVIG (5.60) treatment; the majority of causally
related systemic AEs were mild. The rate of headaches/patient-
year, the most common systemic AE, was lowest during IGHy
treatment (0.21) versus SCIG (0.45) and IVIG (1.95). The rates
of causally related local AEs/patient-year for IGHy, SCIG, and
IVIG were 1.57, 0.92, and 0.13, respectively.
Conclusion: Evaluation of the patient cohort in 3 consecutive
studies over 2.25 years resulted in lower rates of causally related
systemic AEs per patient-year during the IGHy treatment period
compared with SCIG. Lower or similar infection rates were found
during the IGHy treatment period compared with SCIG treatment
at the same IgG trough levels (<1500 mg/dL). This observation
warrants further investigation.

viral infections bacterial infections end organ damage immune
dysregulation

immunology

mother mumps and varicella disease
(despite immunization),
recurrent HSV1 infections
(face, index finger)

tracheobronchitis
(H. influenza)
P. jirovecii pneumonia

bronchiectases, COPD, loss
of distal phalanx (Dig.II)
following HSV infection,
ulceration of vocal chords,
hypopituitarism, vasculitis
of lower legs

IgG 3.44 g/l, IgA < 0.26 g/l,
IgM 0.45 g/l, no protective
tetanus and diphtheria
antibodies following regular
immunization, absence of
autoantibodies, initally low
switched memory B- cells,
total loss of peripheral B-cells

daughter recurrent upper and lower
respiratory infections,
recurrent HSV1
infections periorally

mild restrictive lung disease,
alopecia totalis, nail dystrophy

IgG 2.33 g/l, IgA 0.23 g/l,
IgM 0.34 g/l,

B-cells 1900/μl, no protective
tetanus, measles or HiB
antibodies (but positive to
rubella)
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Introduction: Familial hemophagocytic lymphohistiocytosis (FHL) is a
severe immune dysregulatory syndrome, inherited in an autosomal reces-
sive way, caused by an impaired T and natural killer (NK) cell cytotox-
icity. This results in an uncontrolled T cell and macrophage activation
with hypercytokinemia.
Syntaxin 11 (STX11) is one of the known genes of FHL. It is expressed in
monocytes, NK cells and cytotoxic T cells and is involved in vesicle
priming and membrane fusion.
The clinical manifestations are fever, hepatosplenomegaly and cytopenias.
Neurological features usually present later and are associated with poor prog-
nosis. The disease is often triggered by infections, most commonly viral.
Cytopenias, hyperferritinemia, hypertriglyceridemia and hypofibrinogenemia
are usually present, alongwithCD25 soluble in blood and cerebrospinal fluid.
Bone marrow may demonstrate hemophagocytosis. Specific functional tests
can be done tomake an approach to the primary defect. CD107a is present on
the membrane of secretory granules within T and NK cells. Absence of
CD107a expression on the cell surface after activation, suggests a defect in
secretory granule migration, docking, priming or fusion.
The treatment involves the control of infections and immune dysregula-
tion with chemotherapeutic regimens followed by definitive treatment
with hematopoietic stem cell transplant (HSCT).
Aim: To describe a female patient with a pathogenic variation in STX11
with normal CD107a expression.
Results: She was a 2 years old female, the 5th daughter of non-
consanguineous parents, without relevant personal or family records. She
was admitted due to a prolonged febrile syndrome, lymphoproliferation,
pancytopenia and hepatitis, withHHV6 rescued in bonemarrow and blood.
Gancyclovir treatment started with good response. She was admitted one
month later with similar clinical symptoms with relapsed HHV6 infection.
Furthermore, hemophagocytosis was found in the bone marrow and eval-
uation of NK cell cytotoxicity demonstrated slightly reduced cytotoxic
activity. Functional studies for primary FHL were performed: perforin ex-
pression and CD107a surface expression were normal. She fulfilled criteria
of FHL, and treatment with gancyclovir and steroids was administered.
Despite this treatment, she persisted with activated macrophagic parame-
ters, and started with HLH2014 treatment protocol. She improved the
clinical symptoms and laboratory parameters, but persisted with HHV6
low viremia. Three months later, when immunosupression was decreased,
she was readmitted with similar clinical manifestations and added neuro-
logical symptoms (facial paralysis, abnormal movements and sleep tenden-
cy). Cerebral spinal fluid was pathological with HHV6 positive rescue.
Immunosupresive treatment was adjusted, but HHV6 copies in blood in-
creased markedly. Foscarnet treatment was administered and
immunosupression was suspended for 2 days in order to control viral
infection. Unfortunately the patient died 6 days later.
Although specific functional tests were normal, sequencing of STX11
gene by NGS revealed a homozygous variation in c.581_584delTGCC,
which is a previously reported mutation responsible for FHL.
Conclusion: Despite the fact that CD107a was normal, the strong clinical
and laboratory results must keep the FHL diagnosis in mind and intensive
treatment should be early administered; in order to give the patient the
opportunity to achieve the curative treatment.

(184) Submission ID#606063

Specific Functional Gammopathy Underlying Infectious
Susceptibility in a Patient with Autoimmune-Polyendocrinopathy-
Candidiasis-Ectodermal Dystrophy (APECED)

Gregory M. Constantine, MD1, Elise Ferre, PA-C, MPH2, Michail
Lionakis, MD, Sc.D.3

1Clinical Fellow, Fungal Pathogenesis Section, Laboratory of Clinical
Immunology & Microbiology (LCIM) , National Institute of Allergy &
Infectious Diseases (NIAID), NIH
2Physician Assistant, Fungal Pathogenesis Section, Laboratory of
Clinical Immunology & Microbiology (LCIM) , National Institute of
Allergy & Infectious Diseases (NIAID), NIH
3Senior Investigator, Fungal Pathogenesis Section, Laboratory of Clinical
Immunology & Microbiology (LCIM) , National Institute of Allergy &
Infectious Diseases (NIAID), NIH

Introduction/Background: Autoimmune-Polyendocrinopathy-
Candidiasis-Ectodermal Dystrophy (APECED) is a rare inherited primary
immunodeficiency disorder resulting from biallelic mutations in the
AIRE gene. Although classically characterized by chronic mucocutane-
ous candidiasis (CMC), hypoparathyroidism and primary adrenal insuf-
ficiency (Addisons Disease), recent evidence has demonstrated broader
disease manifestations including: urticarial-like eruption, autoimmune
hepatitis, intestinal dysfunction, gastritis, Sjogrens-like syndrome and
pneumonitis. Clinical observations have also identified a subset of indi-
viduals who suffer from recurrent sinopulmonary infections.
Objectives: To report and characterize the clinical course of a patient with
APECED and specific antibody deficiency.
Methods: Retrospective chart review was performed. The patient was
enrolled in NIAID IRB-approved protocol 11-I-0187.
Results: The patient is a 13 year-old-girl with APECED caused by ho-
mozygous AIRE c.967_979del13, who manifested CMC, hypoparathy-
roidism, adrenal insufficiency, Sjogrens-like syndrome, autoimmune hep-
atitis, intestinal dysfunction and autoimmune pneumonitis. She suffered
from recurrent sinusitis and severe pneumonias requiring hospitalization
and administration of intravenous antibiotics several times per year. At
age 9, she presented to our institution with fever and cough, a computed
tomography (CT) of the chest revealed bilateral pulmonary infiltrates and
bronchiectasis. Bronchoscopy showed mucopurulent secretions in the
bilateral lower lobes with culture of the bronchoalveolar lavage fluid
growing Streptococcus pneumoniae.
Further evaluation for an underlying disorder such as primary ciliary
dyskinesia and cystic fibrosis including exome sequencing and sweat
chloride testing was unrevealing. Quantitative immunoglobulins were
normal. Despite prior vaccination, specific antibody testing showed neg-
ative rubeola IgG and protective levels (> 1.3 mcg/mL) to only 3 of 23
pneumococcal serotypes. Lymphocyte enumeration showed normal B
cell subsets. As approximately 15% of APECED patients may experience
asplenia, splenic ultrasound was performed confirming the presence of a
7 cm spleen and peripheral blood smear did not reveal Howell-Jolly
bodies. Serotyping of the S. pneumoniae isolate confirmed serotype
33F, which is part of the 23-valent vaccine. Follow up vaccine challenge
with the 23 valent pneumococcal polysaccharide vaccine showed an in-
adequate response. Hence, she was started on monthly immunoglobulin
replacement and over the following 4 years she has experienced a single
methicillin sensitive Staphylococcus aureus pneumonia. She has missed
very few school days and other parameters including linear growth have
improved, she is now along the fifth percentile for height and along the
tenth percentile for weight. Although she continues to experience inter-
mittent cough she remains active participating in sports without
limitation.
Conclusions:We report the evaluation, treatment and outcome of a patient
with APECED complicated by autoimmune pneumonitis and specific
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antibody deficiency. As infectious susceptibility of APECED classically
pertains to the signature infectious disease, CMC, patients with invasive
or recurrent infections should be evaluated for underlying immune defi-
ciency. Investigation should include assessment for asplenia, quantitative
immunoglobulins and specific antibodies with response to antigens. In
patients with predominate respiratory symptoms, autoimmune pneumo-
nitis should be evaluated given the near 40% prevalence of pneumonitis
observed in American APECED patients.
Acknowledgements: Supported by DIR/NIAID/NIH
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BACKGROUND: Complete deficiency of adenosine deaminase (ADA)
is an autosomally inherited condition that causes one type of SCID sec-
ondary to the accumulation of metabolites toxic to lymphocytes. Less
severe genetic changes resulting in detectable ADA result in a milder,
clinically heterogeneous combined immunodeficiency.
CASE PRESENTATIONS: Patient 1: A 16 year old Somali-American
girl presented with progressive pulmonary disease. Past history included
recurrent severe pneumonias, eczema and recurrent Staphylococcal infec-
tions. Genetic testing for HyperIgE syndrome was negative. She devel-
oped autoimmune hypothyroidism at age 7 years and warts covering both
hands at age 10 years. On presentation, she had a normal-to-elevated IgG
with some therapeutic vaccine titers, normal IgM and IgA. IgE was ele-
vated at 7381 IU/ml. B cells were essentially absent: absolute CD19+
1cell/ul. NK cells were also low, absolute 39cells/ul. Absolute number
of total T cells was normal with decreased CD4+ Tcells. Lymphocyte
proliferation responses to mitogens were significantly decreased, and re-
sponses to tetanus antigen were absent.
ADA activity was deficient (0.4 nmol/h/mg) with only modestly in-
creased red cell dAXP% (ratio of dAXP/RBC-AXP 6.3%), consistent
with delayed/late onset ADA deficiency. After 17 weeks of PEG-ADA
injections, dAXP% was zero. B cell counts improved though to normal
levels. IgE increased after therapy began, peak 13,000IU/ml, and then
slowly decreased. Her cough and dyspnea improved, though pulmonary
function tests still show severe airflow obstruction.
Genetic testing revealed a homozygous missense mutation in ADA exon
6, V177M (c.529G>A), a previously identified change shown in vitro to
produce 0.1-0.4% of wild type ADA activity (Arredondo-Vega, F. et al,
Am J. HumGenet 1998; 63:1049-59). Patient 1s sister is homozygous for
the same mutations.
Patient 2: Though considered by family to be a healthy 11 year old, her
past history included a left axillary abscess at age 2 years, eczema, recal-
citrant tinea capitus, and 3 warts. She had no pulmonary disease. She had
short stature. Labs revealed normal IgG, IgM and IgA. All vaccine titers
were strongly therapeutic. IgE was elevated at 1210IU/ml and initially
increased with PEG-ADA injections. Like her sister, B cells at presenta-
tion were nearly absent with absolute CD19+ 12 cells/ul. T and NK cells
were normal. Also like her sister and their mother who is a carrier, Patient
2 had autoimmune hypothyroidism. After 7 weekly PEG-ADA injec-
tions, she had rapid decrease in percentage dAXP/total RBC AXP, from
6.3% to 1.0% and absolute B cell number increased to 92.
CONCLUSIONS: We report two siblings with identical genetic changes
in ADA and identical presenting ratios of dAXP/total RBC-AXP. Both
had dysgammaglobulinemia and B lymphopenia, atopy and

autoimmunity on presentation. However, the 16 year old has had signif-
icantly more medical complications and has shown a slower improve-
ment with replacement therapy compared to her younger sister.
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Familial hemophagocytic lymphohistiocytosis (FHLH) is a rare, inherited
syndrome of immune dysregulation, characterised by genetic predisposi-
tion to a systemic hyper-inflammatory disease. Whilst central nervous
system (CNS) involvement is well described in FHLH, there have been
very few case reports of isolated CNS-HLH in the absence of any sys-
temic features. This clinical presentation may be under-recognised,
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leading to delays in diagnosis and appropriate treatment. We present 9
new cases together with 11 cases identified in the literature, to describe
the clinical presentation, treatment and outcomes.
Patients and Methods: Patients were identified and retrospective data
collected through collaborative efforts at North American and European
clinical immunology, haematology/oncology and bonemarrow transplant
centres and through review of previously reported cases in the literature.
Inclusion criteria; (1) confirmed diagnosis of FHLH with pathological
FHLH gene mutation; (2) any neurological symptoms at time of diagno-
sis; (3) absence of systemic HLH according to HLH-2004 criteria, in
particular absence of bilineage cytopenia and splenomegaly; (4) features
of systemic HLH fulfilling HLH-2004 diagnostic criteria no earlier than 3
months after initial neurological presentation.
Results: Nine new patients and 11 patients from the literature were iden-
tified. The mean age at time of onset of neurological symptoms was 6.2
years. The most common neurological manifestations were ataxia/gait
disturbance (65%) and seizures (50%) with a mean delay from onset of
neurological symptoms to confirmed FHLH of 15.8 months. Diffuse
multifocal white matter changes and cerebellar involvement were the
most common CNS MRI findings at 14/17 (82.4%) and 8/17 (47%)
respectively. The mean CSF cell count was 15.9 x 106/L and mean
CSF protein 106 mg/dL. Epstein-Barr virus was identified as a trigger
in 2 patients, and varicella zoster virus in 1 patient. Seven patients even-
tually developed systemic HLH manifestations at a mean time of 17.4
months (range 4-28 months) after initial neurological symptoms.
Mutations in PRFI were detected in 15 patients (75%), RAB27amutation
in 3 (15%) and UNC13D in 2 (10%). Six patients carried the R225W
mutation in perforin.
Nineteen patients received systemic HLH-directed chemo/
immunosuppressive therapy. Two patients received intrathecal metho-
trexate and hydrocortisone. Of the 13 patients treated with HSCT (7
new, 6 literature), 7 patients (53.8%) had improved neurological outcome,
3 patients (23.1%) had stable neurological findings, and one patient had
CNS relapse at time of follow-up. There were no cases of neurological
improvement in patients who did not receive HSCT. The overall mortality
was 35% (2 new and 5 literature patients).
Conclusion: Our study describes the variable clinical presentation and
findings in patients with isolated CNS-HLH. We propose that genetic
cytotoxicity defects should be considered in any patient with unexplained
and progressive neurological symptoms, even in the absence of ANY
signs of systemic inflammation. Neurological improvement was observed
in patients who received HSCT, emphasising the need for timely institu-
tion of treatment in order to improve outcomes. Our study also identified
a predominance of PRF1 mutations; however, larger studies would be
required to further evaluate the significance of this finding.
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Introduction: Autoinflammatory diseases are genetically heterogeneous
disorders of innate immunity characterized by recurrent fever, rash, and/
or serositis, which generally are considered distinct from autoimmune

diseases. We report a case of a patient with lupus-like disease and a
mutation of nucleotide-binding oligomerization domain-containing pro-
tein 2 (NOD2 R702W, Yao syndrome) suggestive of an overlap between
autoinflammatory and autoimmunity processes.
Case Presentation: A 72-year-old man was evaluated for recurrent pleural
effusions, morning stiffness, erythematous rashes, and fever up to 103°C.
History was notable for Hashimotos thyroiditis and multiple admissions
for presumed pneumonia with recurrent bilateral lung infiltrates and pleu-
ral effusions. Transbronchial biopsy showed nonspecific pneumonitis and
organizing pneumonia. Antinuclear and anti-dsDNA antibodies were
positive. He received prednisone for presumed lupus pneumonitis leading
to improvement. Prednisone was tapered and hydroxychloroquine was
started, but his fevers, pleuritic pain and pleural effusion reoccurred.
Genetic testing revealed a NOD2 sequent variant (R702W) associated
with autoinflammatory disease. Hydroxychloroquine was stopped and
colchicine was added to his regimen, allowing prednisone to be tapered
without recurrence of symptoms. Further immunological testing revealed
increased signaling through the type I interferon receptor (interferon
signature).
Conclusion: Although this patient had several clinical (serositis, arthral-
gia) and immunological (antinuclear and anti-dsDNA antibodies, inter-
feron signature) manifestations of lupus, his clinical presentation also was
consistent with Yao syndrome. In retrospect, he had been having recurrent
inflammatory symptoms for many years. Recent studies in both mice and
humans suggest that inflammasome activation and IL-1 production are
involved in the pathogenesis of lupus. This case provides further support
for the idea that lupus and Hashimotos thyroiditis, prototypical autoim-
mune diseases, may have overlapping autoinflammatory features.
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Background: The implementation of severe combined immunodeficiency
(SCID) newborn screening by TREC assay has played a pivotal role in
identifying these patients early in life. The screen has also led to the
identification of infants with other immunologic abnormalities, of which
the clinical implications have been unclear and there are limited data on
their outcomes.
Objective: To review immunologic and genetic outcomes of infants re-
ferred to an immunology service of a tertiary care center with abnormal
newborn SCID screens.
Methods: We retrospectively reviewed charts of infants with positive
SCID screen from July 2014 to November 2018. We excluded patients
who had positive screen at <36 weeks corrected gestational age. We
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classified outcomes into 3 groups including SCID, non-SCID T-cell lym-
phopenia (NSCID-TCL) and normal T-cell count. Idiopathic T-cell lym-
phopenia was defined as NSCID-TCL (CD3+ < 2,500 cells/mcl) with
negative chromosome microarray and negative whole exome
sequencing/or genetic panel (either GeneDx® SCID panel or Invitae®
Primary Immunodeficiency panel).
Results: Of 119 infants, 78% were male, 56% were Caucasian, and 37%
were African-American. Fifty-four % and 46% of infants were identified
by Illinois and Missouri screens, respectively. The mean age at initial
evaluation was 22 days (4-122 days). 69% of infants had a normal T-
cell count (N=80) or normal repeat newborn screen (N=2), 25% had
NSCID-TCL, including mild (CD3+ 1,500-2,500 cells/mcl, N=20) and
moderate (CD3+ 300-1,500 cells/mcl, N=10) TCL, and 6% had SCID
(N=5), leaky SCID (N=1) or complete DiGeorge (N=1). Genetic etiolo-
gies of NSCID-TCL included 22q11 deletion (N=4), trisomy 21 (N=1),
and mutations of TBX1 (N=2), FOXN1 (N=1), and CD3E (N=1). Three
of these infants had novel variants at the time of diagnosis. Secondary
causes of TCL were identified in 1 infant (thoracic infantile fibrosarco-
ma). One infant had idiopathic TCL. Eighteen infants with NSCID-TCL
were followed clinically without complete genetic testing performed. For
SCID,mutations were found in JAK3 (N=2), ADA (N=1), IL2RG (N=1),
and RAG1 (N=1). The patient with leaky SCID had negative whole
exome sequencing. All patients with SCID and leaky SCID underwent
hematopoietic stem cell transplantation at a median age of 5 weeks (3
weeks - 4 months), with successful engraftment in all but 1 patient. Of 19
idiopathic and NSCID-TCL cases followed clinically, 12 had at least one
follow-up visit at median age 5 months (2.6 months 2.2 years) and the
majority had improved or stable lymphocyte count without serious infec-
tions requiring intravenous antibiotics, though 1 had a hospitalization for
RSV infection. TheMYSM1 patient died after cord blood transplant from
unclear etiology. Our study had limitations. Half of infants with NSCID-
TCL did not have a complete genetic workup, and only a fifth of patients
with NSCID-TCL were inpatients, potentially explaining the relatively
low number of infants with secondary lymphopenia.
Conclusions: In our cohort, one-fourth of infants with abnormal SCID
screen had NSCID-TCL. Although the majority of NSCID-TCL did well,
approximately one-third of them had underlying genetic abnormalities
associated with their T-cell lymphopenia.
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Cytosolic Wiskott-Aldrich Syndrome protein (WASp) regulates actin cy-
toskeleton reorganization but also enters the nucleus to affect gene tran-
scription. Mice and humans without WASp develop normal numbers of
naïve T cells but are susceptible to infections by viruses and encapsulated
bacteria. Although opportunistic mycobacterial infections are reported in
severe combined immune deficiencies (SCID) and more specific Th1-
associated monogenic diseases, they have not been previously reported
in WASp-deficient patients.

Here we report two unrelated kindreds presenting with opportunistic my-
cobacterial infections (M. bovis and M. gordonea) that carry nearly iden-
tical mutations in the gene encoding WASp (WAS). In one kindred af-
fected males presented as infants with T-B+NK+ SCID, thrombocytope-
nia and eczema. In the other kindred affected males presented with abun-
dant but dysfunctional T cells. Thrombocytopenia and eczema were pres-
ent in both groups. In each case mutant WAS encoded truncated WASp
lacking its cofilin and the acidic domains (WASp CA). In addition to an
inability to normally polymerize actin, primary patient cells retained
WASp CA entirely within their nuclei . There it appeared
conformationally open and constitutively active even in the absence of
stimulation. These data suggest conformationally openWASP retained in
the nucleus of T cells alters transcriptional programs leading to new and
severe infectious phenotypes.

(190) Submission ID#606328

CVIDPlasmaPromotes EarlyCommitment to the Follicular Lineage

Caroline Khanna1, Carole Le Coz2, Neil Romberg, MD3

1Research Assistant, Children's Hospital of Philadelphia
2PhD in Immunology, Postdoc, Children's Hospital of Philadelphia
3Assistant Professor, Children's hospital of Philadelphia

Background: Many CVID patients with undetectable serum IgA concen-
trations are endotoxemic and possess enlarged pools of circulating T
follicular helper (Tfh) cells.
Objective: To determine if endotoxemia and other plasma-soluble factors
promote follicular T cell differentiation.
Methods: We cultured healthy donor (HD) naïve CD4+ Tcells for 5 days
in CVID patient plasma, CVID plasma treated with polymyxin B to
neutralize endotoxin, or fetal bovine serum spiked with LPS. After 5 days
we measured the frequency of cells expressing the Tfh markers CXCR5
and PD1. We also measured concentrations of cytokines known to pro-
mote Tfh differentiation, comparing levels in CVID patient plasma sam-
ples that induced expression of Tfh markers with samples that did not
induce them.
Results: We found greater frequencies of HD naïve CD4+ Tcells expressed
Tfh markers when cultured in plasma from IgA deficient CVID patients,
than IgA sufficient patients or healthy donors. These differences disap-
peared upon addition of polymyxin B to patient plasma samples and could
be recapitulated by replacing plasma with LPS spiked FBS.
In addition to LPS, patient plasma samples that best promoted Tfh marker
expression contained higher concentrations of Activin A but not the tra-
ditional Tfh-differentiating cytokines IL-12 and IL-6.
Conclusion: Endotoxin, which circulates in IgA deficient CVID patients,
promotes naïve T-cell commitment to the follicular lineage directly and
through enhanced release of Activin A.
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Rationale: HCUVP is a patient product-introduction program that pro-
vides free-of-charge Cuvitru® (immune globulin subcutaneous [human],
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20% solution; Ig20Gly) for the first 4 infusions to eligible patients who
have primary immunodeficiency disease (PID). Using data from the on-
going HCUVP, this analysis described the clinical characteristics and
infusion parameters of patients initiated on Ig20Gly based on their previ-
ous immunoglobulin (IG) routes of administration.
Methods: Patients 2 years of age who had a primary ICD-10 diagnosis
code of PID and had no current or prior use of Ig20Gly at the time of
program enrollment were eligible for HCUVP. This analysis included
data from patients enrolled in HCUVP who received the first Ig20Gly
infusion between January 1, 2017 and September 1, 2017. Infusions after
October 31, 2017 were excluded. Descriptive statistics were calculated
for demographic, clinical, and prescribed infusion characteristics for pa-
tients previously treated with intravenous IG (IVIG) and subcutaneous IG
(SCIG), respectively.
Results: A total of 420 patients who had previously been treated with
IVIG or SCIG completed all 4 infusions and were eligible for this anal-
ysis. Prior to enrolling in HCUVP, 268 patients had received IVIG, of
whom 46 patients (17%) were < 18 years old, and 152 patients had
received SCIG, of whom 17 patients (11%) were < 18 years old. A greater
percentage of patients who switched from SCIG infused biweekly (54 of
152, 36%) compared with those who switched from IVIG (64 of 268,
24%). Themean dose administered during the final infusion was higher in
patients who previously received SCIG compared with those who previ-
ously received IVIG (15.3 g vs 14.5 g, respectively), despite the SCIG
group having a lower mean weight (SCIG: 74.1 kg [SD 23.2]; IVIG:
77.2 kg [27.2]) and fewer patients < 18 years. (Both weight and age can
influence dosage). Themean number of infusion sites per infusion (SCIG:
2.1; IVIG: 2.0), mean infusion rate per site (SCIG: 41.5 mL/hr/site; IVIG:
42.9 mL/hr/site), and mean infusion volume per site (SCIG: 37.6 mL/site;
IVIG 37.1 mL/site) were comparable between both groups. By the third
of a total of 4 infusions, 91% and 94% of patients reached their maximum
infusion rate when switching from IVIG or SCIG to Ig20Gly,
respectively.
Conclusion: Among patients enrolled in an Ig20Gly product-introduction
program, those who had previously received SCIG were more likely to
infuse biweekly and receive a slightly higher mean dose during the final
infusion than patients who had previously received IVIG. However, the
number of infusion sites, infusion rates per site, infusion volume per site,
and percentage of patients reaching their maximum infusion rate were
similar regardless of patients previous routes of IG administration.
Funding: This research was sponsored by Shire.
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Background: Shared decision-making (SDM) is an interactive process
that allows patients and their physicians to choose treatments that align
with patients preferences. For patients with primary immunodeficiency
diseases (PIDs) who require immunoglobulin replacement therapy
(IGRT), SDM may help individualize IGRT to clinical needs and
lifestyles.
Objective: To summarize results of a targeted literature review on SDM
models and their impact on clinical outcomes and to introduce a novel
SDM tool for PID
Methods: Focused searches for articles in English were conducted in
EMBASE and MEDLINE (date range: January 1, 1999 to August 15,

2018). The search targeted the key elements of SDM (defined as the
meaningful exchange of information between patient and physician and
identification of issues most important to patients) and the impact of SDM
on clinical outcomes. Relevant literature was examined for the current
state of SDM in PID and used to inform the development of a novel SDM
tool.
Results: The search identified 4,730 records with SDM in the title or
abstract. A broad range of therapeutic areas (primarily chronic diseases)
was represented, and publication frequency had increased with time.
Focused searches identified 159 articles that discussed key elements of
SDM. Common elements of SDM included recognizing the decision;
two-way sharing of knowledge between physician and patient; expression
of patient values and preferences; weighing the options; and making and
implementing the decision. The impacts of SDM on clinical outcomes
were discussed in 59 studies; 15 were reviewed in detail in acute (n = 7),
chronic (n = 5), and general/other (n = 3) conditions. Two studies sug-
gested that SDMmay improve clinical outcomes in chronic diseases. In 4
studies, patients who participated in SDM used fewer diagnostic tests and
medications and underwent fewer intensive tests and treatments for acute
illness. Positive effects of SDM were reported in mental health settings,
for patients with chronic illness or making longer-term decisions, and in
cases in which SDM interventions occurred over multiple sessions. No
studies were found that evaluated SDM in the treatment of PIDD. In a
survey of US immunologists (n = 15), participants acknowledged the
value of SDM; however, in another survey, patient preferences for
IGRT were not the same as what physicians perceived of their patients
preferences, underscoring a need for SDM in PID.
Conclusions: SDM has been widely studied and increasingly implement-
ed in health care decisions globally; however, its effects on key patient
outcomes are not well understood, and there are currently no known SDM
applications in PID. The key findings from this review support the appli-
cability of SDM in PID and highlight the need for a novel tool to help
patients recognize their own priorities and needs, and to ensure these
guide important clinical decisions such as IGRTselection. Based on these
findings, an SDM tool and accompanying discussion guide for clinicians
is being developed to facilitate SDM in PID.
Funding: This research was sponsored by Shire.
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Introduction: Accumulation of intracellular adenosine and
deoxyadenosine nucleotides (dAXP) due to adenosine deaminase
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deficiency results in profound lymphopenia and severe combined immu-
nodeficiency. Left untreated this form of SCID is uniformly fatal. While
allogeneic hematopoietic cell transplant (HCT) and autologous gene
corrected stem cell therapy (GT) are potential cures for ADA-SCID ,
initiating enzyme replacement therapy (ERT) immediately upon diagno-
sis regardless of definitive treatment is standard of care. HCT and GT are
not therapeutic options for all ADA-SCID patients and ERToffers imme-
diate therapeutic intervention for these patients leading to partial immune
reconstitution, and durable survival in most patients treated. Adagen
(pegademase), approved by the FDA in 1990 in the USA, is a pegylated
bovine ADA (nADA) with the enzyme harvested from bovine intestines.
This unsustainable production process led to the development of a recom-
binant enzyme source based on the bovine protein sequence and an im-
proved pegylated linker by using succinimidyl carbamate (RevcoviTM-
(elapegademase-lvlr).
Methods: A Phase II/III clinical trial was performed at 5 US sites under
institutional IRB approval. Eligible ADA-SCID subjects were stable on
Adagen and without complicating underlying conditions. Demographics,
medical history, lymphocyte counts, immunoglobulin levels, trough plas-
ma ADA activity and RBC dAXPmeasurements were collected. Patients
were treated with Adagen as a single, weekly IM dose adjusted to achieve
a trough plasma ADA activity of > 15 mmol/hr/L and RBC dAXP < 0.02
mmol/L (protocol target levels). Once patients had achieved this level (3-
9 weeks), a seven-day PK on Adagen was done and the patients were

transitioned to Revcovi based on the formula for enzyme equivalent ac-
tivity of 1mg Revcovi = 150 Units Adagen. After 5 weeks on Revcovi,
trough ADA and dAXP were assessed and a seven-day pharmacokinetic
study was conducted at week 9. Patients were assessed periodically for
clinical and laboratory values and evaluation of the study endpoints was
done at week 21. Subjects subsequently continued on Revcovi and were
assessed periodically.
Results: Six patients, ages 16-37 entered the trial with initial Adagen
dosing at 7.7-42.9U/kg/wk (see Table 1). Adagen dosing was adjusted
to target endpoints of ADA trough activity (>15mmol/hr/L) and RBC
dAXP (<0.02 mml/l). Patients transitioned to weekly Revcovi using the
aforementioned conversion formula at doses of 0.17-0.285 mg/kg/wk.
The drug was well tolerated with the most frequent adverse events
(AEs) being cough and vomiting. There were no drug attributable serious
AEs. Patients achieved trough RBC dAXP < 0.02 mml/L (primary end-
point) in 69/71 measurements through week 21 and trough plasma ADA
> 15mmol/hr/L (secondary endpoint) in 68/74 measurements. Total lym-
phocyte counts increased from a mean of 0.79 x109/L at start of Revcovi
to 0.92 x 109/L at week 21.
Conclusion: Revcovi appears safe in ADA-SCID patients, provides ade-
quate detoxification (dAXP<0.02mmol/L) and sustained trough plasma
ADA activity at ~ 2X trough activity provided by Adagen with improved
lymphocyte counts. Revcovi received FDA approval for treatment of
ADA-SCID on 10/5/18.

a Erythrocyte dAXP levels for all patients were below 0.02 mmol/L and
testing for total lymphocytes was not conducted at the time point
b Patient demographics and weight were recorded at screening. Dose per
kg based on body weight at Screening
c Adagen dose was adjusted during Adagen Lead In Phase
d Data inclusive of pre treatment levels of ADA activity and Erythrocyte
dAXP at Treatment Weeks 1 and 21
e Revcovi Treatment data up to Week 15 only
f Total lymphocytes at Treatment Week 9
g Data at start of Lead In unavailable; Week 2 of Adagen Lead In
recorded
lloq: lower limit of quantification
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Table 1 Study STP-2279-002: Patient Data (Six Patients)

Patient ID Gender/Age/

Race
b

Start of
Adagen
Lead In

Phase
a

Adagen PK
Week

Revcovi
Tm

Treatment
Weeks 1
Through

21
d

Weekly Dose

(U/kg)b
Trough ADA

Activity
(mmol/hr/L)

Weekly
Dose

(U/kg)b
Trough ADA

Activity
(mmol/hr/-
L)

Erythrocyte
dAXP

(mmol/L)

Total
Lymphocytes

(x10
9/L)

Weekly
Dose

(mg/kg)
b

No. of Trough
ADA
Activity
Values >15
mmol/hr/L

No. of
Erythrocyte

dAXP
Values
< 0.02
mmol/L

Total
Lymphocytes

(x10
9/L)

004-001 Male/19/Other 28.2 20.9 28.2 14.5 < 0.02 0.57 0.188 13/14 13/14 0.73

005-001 Male/21/Other 29.6 < lloq 34.5c 17.6 < 0.02 0.52 0.224 12/13 13/13 0.99

005-002 Male/37/Black
or African
American

7.7 < lloq 30c 22.4 < 0.02 1.71 0.2 13/13 12/13 1.76

006-002 g Female/30/White 31.3 <lloq g 31.3 9.02 < 0.02 0.59 0.209 10/12 11/11 0.49

011-001 Female/16/White 42.9 11.74 42.9 16.10 < 0.02 1.17 0.285 12/13 12/12 1.39

012-001e Male/18/White 21.6 11.55 25.9c 15.44 < 0.02 0.20 0.17 8/9 8/8 0.26f
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The spectrum of clinical manifestations range from infections to autoim-
munity and inflammation among patients with hypomorphic recombina-
tion gene 1 and 2 (RAG1/2) pathogenic variants. Auto-antibodies
targeting cytokines IFN-alpha, IFN-omega and IL-12 were reported in a
large proportion of these patients and their occurrence often coincides
with viral infections. We report the time of emergence and relative fre-
quency of anti-cytokine antibodies in children and adults, and their per-
sistence among patients with hypomorphic RAG deficiency.
Antibodies were measured from plasma samples of patients by enzyme
linked immunoassay (ELISA).
Our RAG cohort includes 28 patients with RAG1 (n=17, 61%) and
RAG2 deficiency (n=11, 39%). Antibodies targeting IFN-alpha (75%)
were most common followed by IL-12 and IFN-omega (40% each).
Two asymptomatic patients who were detected by newborn screening
for SCID and received hematopoietic stem cell transplantation had no
detectable anti-cytokine antibodies. In the cohort of young children (ages
11 mo-7 years, n=9), all patients had detectable antibodies to IFN-alpha,
prior history of severe viral infection and subsequently developed auto-
immune cytopenias. Other anti-cytokine antibodies were less common
(IFN-omega 44%, IL-12 33%). Similarly, children between 10-18 yo
age (n=9) also had high fraction of anti-IFN-alpha antibodies (89%) with
prior history of infections (66%) and continued to have other anti-
cytokine antibodies less commonly (IFN-omega 37%, IL-12 62%). In
the adult cohort (n=8, ages 25-39 years) the frequency of anti-IFN-
alpha anti-cytokine antibodies were lower (62%,) and IL-12 and IFN-
omega (50% each) continued to persist. Three adult patients had anti-
cytokine (IFN-alpha, IFN-omega and IL-12) antibodies tested at multiple
timepoints and elevated titers persisted up to 4 years.
Our data demonstrates that anti-cytokine antibodies, especially those
targeting IFN are frequent and emerge early in life in association with

viral infections in patients with RAG deficiency. A lower fraction of adult
patients have detectable anti-cytokine antibodies, and maintain these over
several years. Anti-IFN-alpha may serve as a useful biomarker for iden-
tifying partial RAG deficiency among young and adult patients with
history of viral infections and autoimmune cytopenias. The role of these
antibodies to cytokines is yet to be determined but a specific signature of
these antibodies may help to identify an underlying immunodeficiency
and initiate early definitive treatment with bone marrow transplantation.
Anti-cytokine antibodies appear to be a novel tool in evaluation of auto-
immune diseases including RAG deficiency.
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Hajjar, J.
Introduction: Norovirus is one of the most common pathogens causing
gastroenteritis in immunocompromised patients, often leading to chronic
infection, causing villous atrophy, malabsorption, weight loss, organ fail-
ure, need for parenteral nutrition, and death. Norovirus treatment in im-
munocompromised patients is challenging. Oral immunoglobulin (POIG)
has been used to treat norovirus gastroenteritis with variable success. Our
aim in this study was to determine the outcomes of treating norovirus
gastroenteritis in immunocompromised patients
Methods: Electronic medical records were reviewed for patients with
norovirus infection confirmed by RT-PCR since January 2012. Our initial
cohort was focused on patients with primary immunodeficiency (PID),
lung, and liver transplant. Data on demographics, immunological pheno-
type, treatment with POIG, the number of bowel movements (BM), and
virus clearance were collected. Descriptive statistical methods were used
to describe treatment outcomes. Further analysis of patients
immunophenotype, immunosuppression medications, and co-morbid ill-
nesses is underway.
Results: Twenty-six immunocompromised patients (27 norovirus infec-
tion episodes, as one patient had reinfection) were analyzed twelve fe-
males, age range 7 months-50 years. Twelve patients had PID diagnosis
(3 common variable immunodeficiency, 2 severe combined immunode-
ficiency, 1 X-linked agammaglobulinemia, 1 Wiskott-Aldrich Syndrome,
1 DiGeorge Syndrome, 1 Hyper-IgM, 1 STAT3 gain-of-function, 1
NEMO and 1 lymphopenia in a patient with Trisomy 21), 13 patients
were status-post liver transplant, and two patients were status-post lung
transplant. 13 of26 patients were on IG replacement therapy at the time of
the norovirus infection. The average number of BM/day in all patients
was 8.4 (range 2-20). Eight patients received POIG (250-500 mg/Kg)
weekly for a duration from 1-12weeks. Three of those received additional
Nitazoxanide and 2 received Ribavirin. 2/8 patients in the POIG group
were receiving Total Parenteral Nutrition (TPN), and 4/19 on no treatment
group received TPN. The average number of BM/day in POIG before
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treatment was 9.5 (range 4-16), and 8.6 (range 2-20) in those who did not
receive any treatment. 5 of 8 (62%) on POIG vs. 11 of 19 (57%) in the no
treatment group cleared the virus. The average number of weeks to return
to baseline BM was 2.6 (range 1-7) in the POIG group vs. 1.5 (range 3
days-5 weeks) in the no treatment group. 2 of 8 on POIG continued to
have chronic diarrhea that is still ongoing.
Conclusion: Despite anecdotal reports suggesting successful use of POIG
in immunocompromised patients, our data did not show a significant
decrease in stool output in patients treated with POIG, compared to no
treatment. However, POIG led to a higher rate of virus clearance. A study
with larger sample size might be warranted to identify the patients who
benefit from POIG in the context of norovirus infection and ensure the
appropriate use of IG products, especially given the concerns for the
national shortage of IG products.

(196) Submission ID#606540

Emapalumab-lzsg for the Treatment of Pediatric Patients with
Primary Hemophagocytic Lymphohistiocytosis

Michael Jordan, MD1, Franco Locatelli, MD, PhD2, Carl Allen, MD,
PhD3, Simone Cesaro, MD4, Carmelo Rizzari, MD5, Anupama Rao,
MD6, Barbara Degar, MD7, Timothy Garrington, MD8, Julian Sevilla,
MD, PhD9, Maria Caterina Putti, MD10, Franca Fagioli, MD11, Martina
Ahlmann, MD12, Jose-Luis Dapena, MD13, Alexei Grom, MD14,
Fabrizio De Benedetti, MD, PhD15, Walter Giovanni Ferlin, PhD16,
Maria Ballabio, MD17, Cristina De Min, MD18

1Professor of Pediatrics, Divisions of Immunobiology, and Bone Marrow
Transplantation and Immune Deficiency
Cincinnati Children's Hospital
2Department of Pediatric Hematology and Oncology, Bambino Gesù
Childrens Hospital IRCCS
3Associate Professor, Department of Pediatrics, Section of Hematology/
Oncology, Baylor College of Medicine
Texas Children's Hospital
4Director, Pediatric Oncology, University Hospital Verona
5Head of the Pediatric Hematology-Oncology Unit, San Gerardo
Hospital, University of Milano-Bicocca
6Deputy Chief of Service for Blood, Cells and Cancer, Great Ormond
Street Hospital
7Assistant Professor, Dana-Farber Cancer Institute
8Hematology/Oncology - Pediatric, Pediatrics, Children's Hospital
Colorado
9Hematología y Hemoterapia, University Children Hospital Niño Jesús
10Pediatric Haematologist-Oncologist, Department of Pediatrics,
University of Padua Medical School
11Director, Pediatric Oncology, Regina Margherita-S. Anna Hospital
12Oberärztin, University Children's Hospital Muenster
13Department of Pediatric Hematology and Oncology, University
Hospital Vall dHebron
14Research Director, Department of Rheumatology, Cincinnati Children's
Hospital Medical Center
15Head of Pediatric Rheumatology, Bambino Gesù Children's Hospital
IRCCS
16Department Head, Exploratory Science and Translational Medicine
Novimmune SA
17Head of NI-0501 Clinical Development, Novimmune SA
18Chief Medical Officer, Novimmune SA

Primary hemophagocytic lymphohistiocytosis (pHLH) is a life-threaten-
ing, immune regulatory disorder characterized by immune hyperactiva-
tion that is driven by high production of interferon (IFN)-. Patients with
HLH typically develop fever, splenomegaly, cytopenias and coagulopa-
thy. Until recently, there have been no FDA approved treatments for
HLH, and standard dexamethasone/etoposide-based treatment has not

evolved significantly in 20+ years. Emapalumab-lzsg (NI-0501) is a fully
human, anti-IFN- monoclonal antibody that neutralizes IFN- and which
was recently approved (November 2018) by the FDA for the treatment of
adult and pediatric (newborn and older) patients with pHLH with refrac-
tory, recurrent, or progressive disease or intolerance with conventional
HLH therapy. Results of the pivotal trial supporting this approval are
presented herein.
Methods: This open-label pivotal study (NCT01818492) includes pa-
tients 18 years with a diagnosis of pHLH and active disease. Data pre-
sented were from 34 patients, of whom 27 had failed conventional HLH
therapy prior to study entry. The initial emapalumab-lzsg dose was 1
mg/kg given intravenously every 3-4 days. Subsequent doses could be
increased up to 10 mg/kg based on the evolution of response parameters.
Dexamethasone was administered concomitantly at 5 to 10 mg/m2/day
and could be tapered during the study. Treatment duration was 8 weeks,
with possible shortening to a minimum of 4 weeks, or extension up to the
time of allogeneic hematopoietic stem cell transplantation (HSCT). The
primary efficacy endpoint was the overall response rate (ORR) at end of
treatment, assessed by pre-defined objective parameters, including nor-
malization or at least 50% improvement from baseline of fever, spleno-
megaly, cytopenias, hyperferritinemia, fibrinogen, D-dimer, central ner-
vous system (CNS) abnormalities, and with no sustained worsening of
sCD25 serum levels. The primary analysis used an exact binomial test to
evaluate the null hypothesis that ORR be 40% at a one-sided 0.025 sig-
nificance level. Patients were eligible to enter an extension phase for
follow-up after completing the main study (NCT02069899). The data
cut-off applied is July 20 2017.
Results: Patient characteristics are summarized in Table 1 and efficacy is
summarized in Table 2. Disease at study entry was consistent with the
broad spectrum of pHLH abnormalities. Over 30% of patients had signs
and/or symptoms of CNS disease. ORR was significantly higher than the
pre-specified null hypothesis of 40%, meeting the primary endpoint. The
response rate based on investigators clinical judgement was 70.6%.
Emapalumab-lzsg infusions were in general well tolerated, with mild to
moderate infusion-related reactions reported in 27% of patients. The ob-
served safety events (pre-HSCT conditioning) mostly included HLH
manifestations, infections or toxicities due to other administered drugs.
Infections caused by pathogens potentially favored by IFN- neutralization
occurred in 1 patient during emapalumab-lzsg treatment (disseminated
histoplasmosis), and resolved with appropriate treatment. No off-target
effects were observed.
Conclusions: Treatment with emapalumab-lzsg was able to control HLH
activity with a favorable safety and tolerability profile in a very fragile
population. The majority of patients proceeded to HSCT with favorable
outcomes. Our results indicate that emapalumab-lzsg should be consid-
ered as a new therapeutic option in pHLH thanks to its targeted mode of
action.
Table 1. Patient Characteristics

All Patients
(N=34)

Patients Failing
Conventional
Therapy

(n=27)

Age at HLH diagnosis,
years (median [range])

0.85 [0.03,
13.0]

1.00 [0.2-13.0]

Sex (n [%])

Male 16 [47.1] 11 [40.7]

Female 18 [52.9] 16 [59.3]

HLH Genetic Confirmation
(n [%])

27 [79.4] 22 [81.5]

FHL1 2 [5.9] 0

FHL2 7 [20.6] 5 [18.5]

FHL3 8 [23.5] 7 [25.9]
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FHL4 1 [2.9] 1 [3.7]

FHL5 2 [5.9] 2 [7.4]

Griscelli Syndrome type 2 5 [14.7] 5 [18.5]

X-linked Lymphoproliferative
Disorder 1

1 [2.9] 1 [3.7]

X-linked Lymphoproliferative
Disorder 2

1 [2.9] 1 [3.7]

FHL: Familial HLH.
Table 2. Efficacy

*95% CI: 46 to 80%, P value=0.0031. **95% CI: 42 to 81%, P val-
ue=0.0134. ***Patients not receiving HSCT were censored at day last
seen or day 180.
CI, confidence interval; Q, quartile; pOS, probability of overall survival.
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Background: Phenotypic variations of chromosome 22q11.2 deletion
syndrome (22qDS) have no clear explanation. T cell lymphopenia in
chromosome 22q11.2 deletion syndrome (22qDS) is related to varying
degrees of thymic hypoplasia and contributes to the phenotypic hetero-
geneity. No phenotype correlation with genotype or deletion size is
known for lymphopenia. We hypothesized that the T-cell transcriptome
is different in 22qDS compared to healthy children and that gene expres-
sion in T cells can differentiate patients with low T cells compared to
normal T cells.
Methods: Peripheral blood was collected from a convenience sample of
participants aged 5-8 years. Standard immune function testing was per-
formed. RNA sequencing was completed on isolated T cells using
Illuminas TruSeq technology. Differential gene expression profiles
(q<0.05) of T cells between 22qDS and healthy controls were determined
with Tuxedo Suite & String Tie pipelines. Bioinformatic analyses were

implemented via Ingenuity Pathway Analysis and KEGG to identify
enriched pathways. The Spearman correlation between gene expression
and clinical variables were calculated using SAS (9.4, Cary, NC) (p-
value<0.05).
Results: A total of 360 genes were differentially expressed between T
cells of 22qDS patients (n=13) and healthy controls (n=6) (Log 2 fold
change range (-2.0747, 15.6724)).When these 360 genes were tested for
pathway enrichment, the top 5 pathways in T lymphocytes based on their
p value included communication between innate and adaptive immune
cells, cross talk between dendritic cells and natural killer cells, allograft
rejection signaling, dendritic cell maturation, and B cell receptor signal-
ing. The top 10 biological processes with differential expression included
36 immune response, 31 inflammatory response, 33 apoptotic process, 12
interferon gamma mediated signaling pathway, 14 nucleosome assembly,
16 defense response to virus, 8 lipopolysaccharide mediated signaling
pathway, 7 positive regulation of NF-kappa B import into nucleus, 10
type I interferon signaling pathway, and 10 neutrophil chemotaxis genes.
We compared gene expression between 22qDS participants with low T
cell counts (n=7) and 22qDS participants with normal T cell counts (n=6)
and found 94 genes that were differentially expressed (q<0.05) (Log2 fold
change range (-4.5445, 5.1297)). We found 29 genes that correlated with
T cell counts and subsets (CD3, CD4, CD8, and naïve helper T cells)
(R0.8).
Conclusions: T-cell gene expression contributes to phenotypic heteroge-
neity in chromosome 22q11.2 deletion syndrome. T cell gene expression
is different in 22qDS with low T cells compared to normal T cells.
Differential gene expression can be used in future to develop biomarkers
to differentiate between different phenotypes of 22qDS.
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Background: X-linked inhibitor of apoptosis protein (XIAP) defi-
ciency is due to pathologic variants in XIAP/BIRC4, and is most
often associated with hemophagocytic lymphohistiocytosis and in-
flammatory bowel disease. Non-arteritic anterior ischemic optic
neuropathy (NAION) is an ophthalmologic condition characterized
by idiopathic ischemic infarction of the optic nerve head. It typically
presents in older patients with risk factors for vascular disease. In
those situations it does not respond to immunomodulatory agents.
Although other inflammatory ocular manifestations of XIAP defi-
ciency, such as uveitis, have been documented, this is the first de-
scribed case of NAION in this disease spectrum.
Case: We report a 51 year-old man who presented with painless,
unilateral vision loss in the right eye in 2012, at 44 years of age.
Serial visual field testing demonstrated inferior field vision loss.
Fundoscopic exam initially revealed a swollen right optic disc.
Optical coherence tomography (OCT) demonstrated marked retinal
nerve fiber layer thinning in the superior retina, consistent with the
known inferior visual field defect, both findings characteristic of
NAION. Treatment with IV steroids produced little improvement
in vision, but there was no further progression. Two years later the

All Patients
(N=34)

Patients Failing
Conventional
Therapy (n=27)

ORR, n/N (%) 22/34 (65)* 17/27 (63)**

Time to response, days
(median [95% CI])

8.0 [5.0-10.0] 8.0 [7.0-14.0]

Cumulative duration of response,
% days of treatment
(median [Q1, Q3])

75.7 [33.3-91.2] 75.4 [30.8-91.2]

Proceeded to HSCT, n/N (%) 22/34 (65) 19/27 (70)

Overall Survival

Alive at last observations,
n/N (%)

24/34 (70.6) 20/27 (74.1)

12-month pOS estimate
(% [95% CI])

69 [50-82] 73 [52-86]

Survival to HSCT, n/N (%)*** 27/34 (79.4) 22/27 (81.5)

Survival post HSCT, n/N (%) 20/22 (90.9) 17/19 (89.5)
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patient began experiencing recurrent high fevers and developed
splenomegaly. Elevated transaminases and concern for lymphopro-
liferative disease prompted a splenectomy and liver biopsy. Both the
spleen and liver biopsy were positive for EBV but were negative for
malignancy. Bone marrow biopsy was unrevealing. Genetic testing
identified a pathogenic variant in XIAP/ BIRC4 (1141C>T), and the
patient was treated with high dose oral steroids resulting in an im-
provement in symptoms. Subsequently, therapy with anakinra was
started and steroids were tapered. During the steroid taper, he no-
ticed a change in the vision of his left eye consistent with NAION,
as well as worsening of his colitis. There was loss of the inferior
visual field and fundoscopic exam was significant for left optic disc
swelling. OCT noted superior retinal nerve fiber layer thinning. Oral
steroids were restarted with improvement in optic disc swelling, but
without improvement or change in vision. As of his most recent
exam, the patient has persistent bilateral inferior visual field defects
with segmental optic nerve atrophy typical of NAION. He has con-
tinued therapy with anakinra, and subsequently tapered off of pred-
nisone; though he remains on a physiologic dose of hydrocortisone.
Conclusions: This case demonstrates an unreported ocular manifestation
in a patient with XIAP deficiency, which clinically appeared sensitive to
immunomodulation. Our patient is an unusual candidate for NAION due
to his young age, the average age of onset being the mid to late 60s, and
lack of vascular risk factors. We hypothesize that his hyper-inflammatory
condition contributed to irreversible vascular damage in the optic nerve
head, resulting in NAION. Therefore, it may be useful to consider the
involvement of systemic inflammatory and immune dysregulatory con-
ditions when treating patients with atypical NAION. Additionally,
NAION should be considered in patients with XIAP deficiency and sud-
den unilateral vision loss.
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Levels of IgG subclasses are often used as markers for vaccine-induced
immunity. However, the relationship between IgG and other antibody-
classes post-vaccination is not firmly established. Therefore, we set out to
investigate the pneumococcal-specific responses of IgG, IgG2, IgA and
IgM to Prevnar13® in IgG subclass deficient (IgGScD) patients in this
study.
Pneumococcal responses were measured using the VaccZyme
Pneumococcal Capsular Polysaccharide IgG, IgG2, IgA and IgM
ELISAs (The Binding Site Group, Birmingham, UK) in control (n=10,
median age 57 years, range 27-64) and IgGScD patients (n=10, median
age 55 years, range 25-65) recruited from the Immunodeficiency Unit at
the Karolinska University Hospital. Patients were vaccinated with
Prevnar13® (PCV13) and serum samples were collected pre- and 4
weeks post-vaccination.
An increase in concentration of anti-PCV13 IgG, IgG2, IgA and
IgM antibodies in response to PCV13 vaccination was observed 4
weeks post vaccination in IgGScD patients (median, 2.5th and
97.5th percentile, p value: PCV13 IgG 83 mg/L, 5-270,
p=0.002; PCV13 IgG2 17 mg/L, 1-81, p=0.008; PCV13 IgA 71
U/mL, 10-165, p=0.017; PCV13 IgM 38 U/mL, 13-100, p=0.065).
These median concentrations were lower than those observed in
control patients (median, 2.5th and 97.5th percentile: PCV13 IgG

215 mg/L, 58-270; PCV13 IgG2 71 mg/L, 14-90; PCV13 IgA 83
U/mL, 26-123; PCV13 IgM 51 U/mL, 39-256). However, percent-
age changes between pre to post vaccination concentrations of
IgG, IgG2 and IgA in response to PCV13 in IgGScD patients
were not significantly different to the control patients (PCV13
IgG p=0.595, PCV13 IgG2 p=0.515 and PCV13 IgA P=0.122).
Interestingly, pre-vaccination PCV13 IgA concentrations were el-
evated in IgGScD patients compared to controls (median 45.1
U/mL vs 17.1 U/ml, respectively).
Using the lower 2.5th percentile of the control population at 4
weeks post vaccination (PCV13 IgG 58 mg/L, PCV13 IgG2 14.0
mg/L, PCV13 IgA 26 U/mL and PCV13 IgM 39 U/mL) re-
sponders and non-responders of PCV13 IgG, PCV13 IgG2,
PCV13 IgA and PCV13 IgM in IgGScD patients were identified.
Notably, 40% of IgGScD patients were identified as PCV13 IgG
non-responders, 40% PCV13 IgG2, 10% PCV13 IgA and 50%
PCV13 IgM non-responders. Post vaccination in IgGScD patients
a strong correlation was observed between PCV13 IgA and
PCV13 IgM (Pearson correlation r=0.789, p=0.007) and in the
control patients a strong correlation was observed between
PCV13 IgG and PCV13 IgG2 (Pearson correlation r= 0.921,
p=0.001).
In conclusion, concentrations of IgG, IgG2, IgA and IgM in response to
PCV13 in IgGScD patients were generally lower compared to the control
population. These results support the fact that in addition to IgG and
IgG2, measurement of IgA and IgM could also provide useful informa-
tion for the clinician.
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The importance of de novo mutations in causing severe sporadic
immune disease is well described, yet significance of such a var-
iation in less severe and later onset of immune disease is poorly
investigated. Whole exome sequencing has been a powerful tool
to resolve and explain the genetic basis of novel syndromes in
immune related diseases. However, proving causation can be com-
plicated due to low number of the affected individuals. We per-
formed whole exome sequencing in a cohort of patients with non-
congenital immune defects, along with detailed cellular biochem-
ical phenotyping. We report and describe a novel non-congenital
combined immune deficiency arising from a de novo gain-of-
function mutation in IKBKB(c.607G>A). This gene encodes
IKK2, and activates canonical NFKB signalling. Cellular and bio-
chemical studies of the proband revealed that IKK2V203I results
in enhanced NF-kB signaling, as well as T and B cell functional
defects. IKK2V203 is a highly-conserved residue, and to prove
causation, we generated a CRISPR/cas9 mouse model that carry
the precise orthologous missense mutation. We show that mice
and humans carrying this missense mutation exhibits remarkably
similar cellular and biochemical phenotypes.
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INTRODUCTION: Autoimmune lymphoproliferative syndrome
(ALPS) is a congenital disorder characterized by an impaired
FAS-mediated apoptosis that leads to chronic benign lymphopro-
liferation and autoimmunity. In most cases mutation on FAS gene
are responsible of the disease and the phenotype of individuals
carrying the same variants can vary from asymptomatic/mild
forms to severe disease, due to incomplete penetrance of patho-
genic mutations. More rarely, other genes involved in this path-
way, such as CASP10, are mutated. Few clinical and molecular
data have been reported on patients carrying CASP10 mutation
showing that different genetic variations can produce contrasting
phenotypic effects. So far, 2 mutations have been recognized as
pathogenic (I406L and L258F) and other have been reported with
controversial result on their pathogenicity (V410l, Y446C) or are
known to be polymorphic variants (L522l)
AIMS: The aim of this study is to evaluate the FAS-mediated apoptosis
function in patients with ALPS or ALPS-like symptoms carrying muta-
tions on CASP10 gene.
METHODS: We evaluated FAS-mediated apoptosis pathway in pa-
tients presenting with an ALPS/ALPS-like phenotype that were
found to carry a CASP10 mutation in our Institution. Molecular
findings have been obtained by NGS analysis of a panel of genes
involved in the most common immune-dysregulation syndromes
and immune-deficiencies. Functional studies have been performed
by Western blot analysis of CASP10, CASP8, and PARP proteins
after TRIALinduced apoptosis stimulation. Healthy individuals
were used as control.
RESULTS: We identified 6 patients with ALPS (2) or ALPS-like (4)
phenotype, carrying the I406L (1), V410l (2), Y446C (1) heterozygous
CASP10 mutations and the polymorphic variant L522l (2) associated
with another polymorphic homozygote variant on CASP8 gene
(p.Met1Thr) or with a compound heterozygous mutation on
TNFRSF13C (His159Tyr, Pro21Arg). Patients clinical characteristics
are shown in Table 1. Western blot analysis showed an impaired activa-
tion of CASP10, CASP8, and PARP proteins in all cases compared to
healthy control (Fig. 1)
CONCLUSIONS: In our symptomatic patients, the CASP10 mutations
whose pathogenicity is controversial (V410l, Y446C) are associated with
an impaired CASP10, CASP8, PARP activity -and therefore with apo-
ptosis dysfunction- as in the case of I406L pathogenic mutation. We can
speculate that, in addition to the functional impairment of apoptosis, other
genetic and epigenetic factors might be crucial for the development of
clinical symptoms in CASP10 mutated patients as already described in
FAS mutations.
Nonetheless, patients with polymorphic variants (such as L522l)
may have an impairment of apoptosis if this is associated with
other polymorphisms on other genes involved in the pathway
(such as CASP8) or in other immune-dysregulation syndromes,
suggesting that the search of other mutations in patients with
ALPS/ALPS-like phenotype should be encouraged in patients car-
rying CASP10 mutation. Further studies on epigenetic factors po-
tentially implicated in the expression of symptoms are needed to
fully understand the heterogeneity of clinical phenotype of this
disorder.
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Table 1: clinical, immunological and genetic characteristics of the
patients

F: female M: male;
LP: lymphoproliferation; ND: not done;
RRI: recurrent respiratory infections; RI: recurrent infections;
ALPS P: probable; ALPS D: definitive
The values indicated above are prior to any treatments (Sirolimus, MMF,
IVIG)
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33-year-old man with X-linked lymphoproliferative syndrome type I
(XLP1). He contracted hepatitis C virus (HCV) in childhood through
blood products, which progressed to cirrhosis with portal hypertension.
He is one of 14 affected male family members, all others deceased due to
XLP1 including his brother, who had HCV cirrhosis, and developed
lymphoma. Our patient achieved sustained virologic response through
treatment of HCV with Ledipasvir/Sofosbuvir. Given his high risk of
lymphoma, hematopoietic stem cell transplant (HSCT) for cure of
XLP1 was desired, but was precluded by cirrhosis and portal hyperten-
sion. Liver transplant was precluded by XLP1, due to concerns for infec-
tion and PTLD. His fully HLA matched sister volunteered to donate liver
and bone marrow, in hopes of addressing both issues. Living related liver
transplant was performed at University of Pennsylvania, followed 3

months later by allogeneic HSCT. Posttransplant he had an anastomotic
biliary duct stricture requiring stenting, and chronic GVHD affecting skin
and oral mucosa, well controlled on rapamycin. He has not had evidence
of parenchymal liver disease or PTLD. Donor chimerism is 94%-96% in
T, B and myeloid cells, and he has normal SAP protein expression in
CD8+T cells and natural killer cells. Furthermore, he was shown to have
normal responses to T dependent vaccine 1 year after transplant. Living
related liver and HSCT from an HLAmatched relative can be considered
in patients with genetic immunodeficiency syndromes who suffer from
complications of liver failure. In addition, life-long immunosuppression
for solid organ grafting may be avoided with this approach if GVHD is
successfully managed.
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GATA2 deficiency is a bone marrow failure syndrome caused by domi-
nant heterozygous mutations in GATA2. Initial presentation of patients
ranges from cytopenias, including loss of B-cells, NK-cells and mono-
cytes, viral and bacterial infections, including non-tuberculous
mycobacteria, myelodysplasia and lymphedema. Mutations are found
throughout the gene, although missense and deletion mutations affecting
the DNA-binding second zinc finger (2nd ZF) comprise more than half of
the probands in our cohort (64/119). Premature stop codons, early frame
shifts, splice mutations or deletions leading to mRNA instability or a
protein missing the 2nd ZF represent 1/3 of our cohort (40/119) while
intronic regulatory mutations are found in 10% of probands (12/119).
Transcript analysis in several patients demonstrates reduced or loss of
expression of one allele leading to haploinsufficiency.
Several patients meet the clinical phenotype of GATA2 deficiency with-
out an identified mutation. In some cases, cDNA analysis of relative
allelic expression has demonstrated reduced or absent transcript from
one allele leading to haploinsufficiency. Patients still remain however
who are suspicious for GATA2 deficiency with no mutation identified
and uninformative transcript assays, often due to lack of heterozygosity of
SNPs within the cDNA. GATA2 is tightly regulated, with highest expres-
sion occurring during early hematopoietic development and in hemato-
poietic stem cells; expression is lower or absent in fully differentiated
cells making detection and functional assays challenging. We sought to
evaluate GATA2 target transcripts as surrogates to determine a pattern of

M/F Age at
onset
(years)

ALPS/
ALPS-like

Symptoms Genetic mutation Defective
lymphocyte
apoptosis

sFAS-L
(>200
pg/ml)

IL-10
(>20
pg/ml)

IL-18
(>500
pg/ml)

Vit
B12
(n.r.
191 -
663
pg/ml)

IgG
(mg/dl)

Family
history

DNT
(>1.5%
of total
lymph)

B220+
DNT
(>60%)

CD3+CD25+
/ CD3+
HLADR+
ratio
(<1%)

CD27+
(<15%)

P1 F 12 ALPS-like + Autoimmunity - CASP10 -
Leu522lle-
CASP8 -
Met1Thr
(Homozygosis)

No 0 4 365 482 1407 Neg 1.7 22 0.3 84.3

P2 M 11 ALPS-like Trilinear
cytopenia +
Autoimmunity + LP

- CASP10 -
Leu522lle-
TNFRSF13C –
His159Tyr-
TNFRSF13C –
Pro21Arg

No 0 3 660 356 820 Neg 4 70.6 0.1 4.5

P3 F 9 ALPS-like monolinear
cytopenia + LP

- CASP10 –
Val410lle

Yes (100%) 0 1,1 550 1014 1076 Neg 1.2 46 1.3 0.3

P4 F 5 ALPS P monolinear
cytopenia + LP

- CASP10 –
Tyr446Cys

No 0 <1 1050 466 1094 Neg 2.3 92 0.2 15.6

P5 M 3 No monolinear
cytopenia +
RRI +
Recurrent
1skin abscesse

- CASP10 –
Val410lle

ND 0 <1 75 699 1154 Neg 1.1 61.7 0.9 12.4

P6 M 2 ALPS Asthenia +
LP + RI +
Arthromyalgia

- CASP10 –
I406L

No 0 <1 500 583 1062 Neg 3.9 57 0.7 23.6
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dysregulation in patients. Total RNA isolated from cryopreserved periph-
eral blood mononuclear cells was reverse transcribed to generate cDNA.
We selected four knownGATA2 transcriptional targets, GATA1, GATA2,
TAL1 and ZFPM1 (encoding FOG1) and used droplet digital PCR to
quantify transcript levels normalized to the low-expressing gene TBP1.
We used samples from 9 individuals with wild-type GATA2 (WT), 5
known GATA2 mutation patients (Mut) and two individuals suspected
of GATA2 deficiency but without identified mutation or allelic imbalance
(Unk1, Unk2).
Transcript analysis revealed significantly decreased transcript levels of
GATA1, GATA2 and TAL1 in Mut PBMCs compared to WT. Most
WTsamples had higher ZFPM1 transcripts than GATA2mutated patients
however it did not reach statistical significance. Strikingly, we were able

to use this analysis for two individuals suspected of GATA2 deficiency. In
the first case (Unk1) a 51 yr old female with primary lymphedema,
hypogammaglobulinemia, recurrent infections and possible family histo-
ry of leukemia was referred for GATA2 testing. No mutation was identi-
fied however it was noted that she was homozygous across the gene
preventing allelic evaluation. The second patient (Unk2), a 24 yr
old female, had erethemya nodosa on legs, Mycobacteria kansasii
and cytopenias. In each of the targets analyzed, transcript levels
from Unk1 were lower than the WT samples and in a similar
range as the GATA2 mutation samples while Unk2 had a profile
consistent with the WT samples. We propose the use of GATA2
targets as surrogate markers in cases where a mutation is not
identified and allelic expression analysis is uninformative.
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RATIONALE: Atopic manifestations in primary immunodefi-
ciencies, such as common variable immunodeficiency (CVID),
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are often under-reported and under-recognized. We sought to fur-
ther understand and evaluate the prevalence, type, and association
with serum immunoglobulin E (IgE) for CVID patients with atop-
ic manifestations.
METHODS: We performed a retrospective analysis of CVID patients
with atopic manifestations in the Partners HealthCare CVID cohort. We
evaluated baseline patient characteristics, atopic diagnoses, and serum
IgE levels.
RESULTS: In the Partners CVID cohort, the average age was 52 years old
(±17) and 64% female. 92/175 (52.6%) of patients had a diagnosis of
asthma, with the majority of these diagnosed by an allergist (65%) or
pulmonologist (16%). Eczema/atopic dermatitis was diagnosed in 47/175
patients (26%), by either an allergist (53%) or a dermatologist (8%).
Allergic rhinitis was diagnosed in 50/175 (28.5%) with positive skin prick
testing in 52% of these patients. Food allergy was diagnosed in 5 patients
(2.9%). The median cohort serum IgE was 7.5 IU/mL. The median serum
IgEwas higher in patients with 2 or more atopic complications compared to
those with one or less atopic condition (9 vs. 5 IU/mL), which was statis-
tically significant (p=0.01).
CONCLUSIONS: We report higher rates of atopy than previously de-
scribed in other CVID cohorts. Consistent with previous reports, we find
a low median cohort serum IgE level in CVID patients compared to the
general population. However, we identify a subset of patients with a
predisposition towards atopy and higher IgE levels within the broader
characterization of CVID, and these patients may have a more specific
molecular diagnosis that leads to elevated IgE and atopic conditions.
Whole exome sequencing is underway to further evaluate this hypothesis.
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WHIM (warts, hypogammaglobulinemia, infections, and myelokathexis)
syndrome is a primary immunodeficiency with autosomal dominant in-
heritance. In most patients, the genetic cause of the disease is a gain-of-
function variant in C-X-C chemokine receptor type 4 (CXCR4) that

results in arrest of neutrophil migration from the bone marrow. Most
patients develop hypogammaglobulinemia and early waning of antibody
response with vaccination. However, the exact origin of aberrant humoral
immunity in WHIM syndrome patients is yet to be clarified.
Here we describe a 4-year-old Iraqi female with a heterozygous
CXCR4 p.Ser338Ter variant, which is presented with haemophilus
influenzae meningitis, history of tetralogy of Fallot, early onset inter-
mittent neutropenia, lymphopenia, recurrent bacterial and viral infec-
tions. Immunologic evaluation revealed hypogammaglobulinemia, el-
evated IgM level and a lack of protective vaccine titers after tetanus
and Prevnar vaccinations. A bone marrow biopsy was consistent with
myelokathexis.
Immune phenotyping, functional studies and apoptosis assays
were performed on peripheral blood cells by flow cytometry in
our WHIM patient and controls. Although we found that all lym-
phocyte compartments were reduced, naïve CD4 T helper cells
and switched memory B cells were predominantly affected.
Spontaneous apoptosis was most pronounced in B rather than T
cell compartments in WHIM patients. In addition, naïve B cells
easily activated and died upon activation in vitro. CXCL12, a
ligand of CXCR4, induced elevated T helper cell migration and
increased actin polymerization in p.Ser338Ter mutant cells.
We conclude that intrinsic B cell abnormalities, such as increased rate of
apoptosis and altered activation, might be responsible for defective anti-
body response in WHIM patients.
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Although most individuals effectively control herpesvirus infec-
tions, some suffer from unusually severe and/or recurrent infec-
tions requiring anti-viral prophylaxis. A subset of these patients
possesses defects in NK cells, innate lymphocytes which recog-
nize and lyse herpesvirus-infected cells; however, the exact genet-
ic etiologies are rarely diagnosed. PLCG2 encodes a signaling
protein in NK cell and B cell receptor-mediated signaling.
Dominant-negative or gain-of-function mutations in PLCG2 cause
cold urticaria, antibody deficiency, or autoinflammation. However,
loss-of-function mutations and PLCG2 haploinsufficiency have
never been reported in human disease. We examined 2 families
with autosomal dominant NK cell immunodeficiency with mass
cytometry and whole-exome sequencing to identify the cause of
disease. We identified two novel heterozygous loss-of-function
mutations inPLCG2 that impaired NK cell function, including
calcium flux, granule movement, and target killing. Although ex-
pression of mutant PLCG2 protein in vitro was normal, phosphor-
ylation of both mutants was diminished. In contrast to PLAID and
APLAID, B cell function remained intact. Plcg2+/- mice, as well
as targeted CRISPR knock-in mice, also displayed impaired NK
cell function with preserved B cell function, phenocopying human
PLCG2 haploinsufficiency. We report the first known cases of
PLCG2 haploinsufficiency, a clinically and mechanistically dis-
tinct syndrome from previously reported mutations. Therefore,
these families represent a novel disease, highlighting a role for
PLCG2 haploinsufficiency in herpesvirus-susceptible patients and
expanding the spectrum of PLCG2-related disease.
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Background: HSCT is the only known curative option currently for
CD40L deficiency, an X-linked disorder. In CD40L deficiency and other
X-linked immune deficiencies, there is an ongoing debate regarding the
use of a carrier female sibling or mother as HSCT donor. Skewed
lyonization despite complete donor chimerism has raised concerns for
incomplete disease control post-HSCT. No data exist regarding the effi-
cacy of related female carrier as HSCT donor for CD40L deficiency. We
herein report outcomes of three patients with CD40L deficiency who
underwent HSCT using a related female carrier donor.
Method: Retrospective review of patients who received HSCT from car-
rier female related donor at three separate institutions.
Results: Three patients with CD40L deficiency underwent HSCT be-
tween 2016- 2018. Patient 1 had recurrent episodes of Pneumocystis
jiroveci pneumonia (PJP) despite being on Bactrim and immunoglobulin
replacement. Patient 2 presented with PJP and severe neutropenia. Patient 3
presented with acute respiratory failure from severe respiratory viral infec-
tions, CMVand had severe neutropenia requiring G-CSF treatment. Age at
the time of HSCT ranged from 0.5-15 yrs. All three underwent reduced
toxicity HSCTwith busulfan and fludarabine-based preparatory regimens.
Two of them received matched sibling bone marrow HSCT and one re-
ceived TCR and CD19 depleted mobilized maternal PBSC haploidentical
HSCT. Donor CD40L expression varied from 37% - 67% on activated
CD4 cells. Immunoglobulin profile and lymphocyte subset were done in
two of donors, they were within normal range for age, and none had
significant infection history. No history of intermittent neutropenia or oral
ulcers noted in donor and the absolute neutrophil count of the donor varied
between 2500 6520 /L. Donor age ranged from 3.2 yrs 48 years.
CD34 dose ranged from 6.1 x 106 - 23.1 x 106 cells/kg and CD3 dose
ranged from 1 x 105 22.1 x 107 CD3+ cells/kg. GVHD prophylaxis
consisted of CSA/MMF (n=2) and TCR-a/b depletion and no CSA (n=1).
Neutrophil engraftment ranged from 11- 18 days and platelet engraftment
ranged from 13 28 days. None of the patients developed acute or chronic
GVHD. All three patients maintain full donor myeloid chimerism at the
latest testing (9 months 18 months); T cell chimerism was 100% in one and
mixed in two patients (91% at nine months, 80% at 12 months). All three
patients had excellent T cell immune reconstitution; Two patients came off
immunoglobulin replacement 5 -11 months post HSCT, whereas the 3rd
patient is IVIG dependent, though IgA level was 25 mg/dL at nine months
post-transplantation. Latest evaluation, 9 18 months post-HSCT, revealed
27% - 63%CD40L expressing activated CD4Tcells, which correlated with
donor CD40L expression and T-cell chimerism.
Conclusion: Our data suggest that HSCT utilizing X-linked carrier ap-
pears to be safe and results in durable engraftment with excellent humoral
and cellular immune reconstitution in patients with CD40L deficiency.
Longer follow-up and data from a larger cohort is needed to make a
definitive determination of safety and efficacy of utilizing female carrier
as HSCT donors in this disease.
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Background: IKAROS belongs to a hematopoietic-specific zinc-finger
(ZF) family of transcription factors. After dimerizing and DNA binding
to pericentric-heterochromatin (PC-HC) regions, IKAROS is described as
a central regulator of lymphocyte differentiation. Somatic mutations/
deletions affecting IKAROS N-terminal ZF have been identified in B-
Acute lymphoblastic leukemia (ALL) patients, and germline N-terminal
mutations were reported in CVID patients with progressive lack of B
cells, hypogammaglobinemia, autoimmune diseases and B-ALL.
Methods: We performed targeted sequencing panel for known inborn
errors of immunity disease-causing genes in a previously healthy male
pediatric patient with Burkitt lymphoma, followed by benign lymphopro-
liferation, thrombocytopenia and neutropenia. B-cells and immunoglob-
ulin levels were normal. IKAROSDNA-binding, nuclear localization and
protein binding were evaluated by EMSA, fluorescence microscopy and
immunoprecipitation. Protein modeling was also performed.
Results: A novel heterozygous germline mutation in IKAROSC-terminal
ZF6 dimerization domain (p.R502L) was detected in this patient. This
mutant showed normal PC-HC localization but DNA-binding was mark-
edly reduced in terms of IKAROS dimerization and multimerization.
Moreover, reduced WT-mutant binding was also detected. Mutant/WT
cotransfection experiments suggest a haploinsufficient defect. Geometry
based docking of wildtype IKAROS predicted that R502 is within the
homodimer interface and may abolish cation-pi interactions and destabi-
lize the IKAROS-ZF6 dimerization domain.
Conclusion: A novel germline IKAROS C-terminal mutation affecting
homodimerization/multimerization and resulting in reduced DNA binding to
its DNA consensus site was detected in a patient with Burkitt lymphoma,
benign lymphoproliferation and cytopenias. Further studies are warranted to
formally establish the casual connection between this genotype and phenotype.
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Introduction/Background: The immune system of a newborn is relatively
immature at birth, with antibodies protecting against infections primarily
maternal in origin. In their first two years of life, an infant/toddler begins
making antibodies in response to infections, environmental exposures, and
vaccinations. However, the specificity of these antibodies towards self-an-
tigens, infections, and vaccinations and how they vary among individuals is
poorly characterized.
Objectives: The goal of the study is to characterize the serum IgG and
IgM antibody specificities in healthy toddlers at 1 and 2 years of age
towards a panel of autoantigens, infectious agents, and vaccine antigens.
DNA sequencing is used to identify genetic polymorphisms that may
explain differences in immune responses in the cohort.
Methods: Blood samples are obtained from a prospective cohort of 1000
healthy 1- and 2-year old toddlers, with the 2-year-old group including
repeat screens. The blood is obtained as part of standard of care wellness
checks at Childrens Health Pediatric Group in Dallas, Texas. Serum profil-
ing is done with an antigen array that reveals IgG and IgM responses to
autoantigens, pathogens, vaccine antigens, and allergens. Low, intermediate
and high responders are defined on the SD below and above the mean
fluorescence intensity of antibody reactivity complied for the entire cohort.
Clinical information for each healthy toddler is compiled. In addition, a
targeted DNA sequencing is performed to identify genetic polymorphisms
associated with immune response modifiers.
Results: Serum profiling of 160 samples to date reveals a stratification of the
healthy toddlers into low, intermediate, and high IgG response groups.
Sixteen % are high responders, with their IgGs recognizing many self-
antigens and infectious agents. Longitudinal follow-up of several subjects
suggests that the low, intermediate, and high serum responses are relatively
stable over time. Interestingly, 26% and 9% of the cohort had moderate and
high anti-nuclear antibody (ANA) titers, respectively. Comparing clinical
data reveals a significant correlation with the high IgG responders and a
family history of asthma and maternal gestational diabetes. Targeted DNA
sequencing in the high responder group revealed a strong genetic association
signal at theHLA locus, with genetic polymorphisms at this locus associated
with high ANA and IgG titers to many antigens. The serum profiling is
ongoing, with more healthy toddlers currently being screened.
Conclusions: Healthy toddlers can be stratified into 3 groups based on
their IgG antibody reactivity: Low, intermediate and high. Genetic se-
quencing reveals polymorphisms in the high group that may reveal auto-
immune potential. Findings from our study may support implementation
of a new wellness screen to identify toddlers at risk for immune system
abnormalities later in life.
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36 year old male presented reporting a history of severe combined im-
munodeficiency (SCID), status post unconditioned sibling-donor alloge-
neic hematopoietic stem cell transplant at 18 months of age. Since then he

has been dependent on monthly intravenous immunoglobulin. He denied
opportunistic infections but reported 4-5 lifetime pneumonias and one
episode of staphylococcal bacteremia. His problems in recent years in-
cluded chronic productive cough, chronic sinusitis, asthma, and eczema.
Initial workup revealed very low T cells which were >95% memory,
absent B cells, and quantitatively normal NK cells. TRECs were absent.
TCR V beta repertoire analysis indicated limited diversity. Chimerism
studies demonstrated 96% donor T cells, and 100% host NK and myeloid
cells. Chest CT revealed bronchiectasis and prominent bilateral tree-in-
bud opacities. Spirometry showed severe fixed obstruction.
Bronchoalveolar lavage samples grew Mycobacterium abscessus.
We pursued genetic diagnosis, which identified bi-allelic frameshift mu-
tations in the RAG1 gene which had not been previously described:
c.967delG (p.V323SfsX22) and c.1048_1075del128insAAAAGAGTG
(p.V350KfsX47).
Taken together, his presentation suggested significant immune dysfunc-
tion had evolved since transplant leading to extensive pulmonary
nontuberculous mycobacterial infection and possible bronchiolitis
obliterans. He therefore will undergo a subsequent unconditioned
CD34+ stem cell boost from his sister, the original donor, once he com-
pletes Mycobacterium abscessus treatment. This case highlights the po-
tential long-term immune dysfunction which may evolve after uncondi-
tioned allogeneic stem cell transplant for SCID, in which full engraftment
in all myeloid and lymphoid compartments is not expected. It also high-
lights the importance of guideline-driven follow-up of these patients to
monitor for said dysfunction, to prevent serious infection and long-term
sequelae.

J Clin Immunol (2019) 39 (Suppl 1):S1–S151S126



(212) Submission ID#606899

Defective B Cell Fitness Impairs Mutation Away from Self and
Sustains Red Blood Cell Reactivity in Hypomorphic RAGDeficiency

Krisztian Csomos, PhD1, Boglarka Ujhazi, MSc2, Kevin Wu3, Rachel
Cruz3, Matthew Stowell3, Marton Keszei, PhD4, Waleed Al-Herz,
MD5, Joseph D Hernandez, MD6, Sinisa Savic, PhD7, Ravishankar
Sargur, MD8, Snezhina Mihailova, MD9, Svetlana O. Sharapova,
PhD10, Manish Butte, MD, PhD11, Jolan Walter, MD, PhD12

1Research Associate, Division of Allergy/Immunology, Department of
Pediatrics, Children's Research Institute, University of South Florida,
St. Petersburg, FL
2Scientist, Division of Allergy/Immunology, Department of Pediatrics,
Children's Research Institute, University of South Florida, St. Petersburg, FL
3Student, Division of Allergy/Immunology, Department of Pediatrics,
Children's Research Institute, University of South Florida, St.
Petersburg, FL
4Research Associate, Division of Allergy/Immunology, Department of
Pediatrics, Children's Research Institute, University of South Florida,
St. Petersburg, FL; Department of Microbiology, Tumor and Cell
Biology, Karolinska Institutet, Sweden
5Associate Professor of Pediatrics, Pediatrics Department, Faculty of
Medicine, Kuwait University
6Allergist / Immunologist, Department of Pediatrics, Division of Allergy,
Immunology and Rheumatology, Stanford University, Stanford CA
7Clinical Associate Professor, Department of Clinical Immunology and
Allergy, St. Jamess University Hospital, Leeds, United Kingdom
8Immunologist, Department of Clinical Immunology and Rheumatology,
Hannover Medical School, Hannover, Germany
9Immunologist, University Hospital Alexandrovska, Department of
Clinical immunology, Sofia, Bulgaria
10Leading researcher, Research Department, Belarusian Research Center
for Pediatric Oncology, Hematology and Immunology
11Division of Allergy/Immunology Chair, Division of Immunology,
Allergy, and Rheumatology, Dept. of Pediatrics and Jeffrey Modell
Diagnos-tic and Research Center, University of California, Los Angeles
12Associate Professor, Robert A. Good Endowed Chair and Division
Chief, Division of Pediatric Allergy & Immunology, Department of
Pediatrics, University of South Florida, Johns Hopkins All Children's
Hospital, St. Petersburg, FL.

Somatic hypermutation (SHM) in the B cell receptor (BCR) heavy
(IGH) and light chain genes promotes affinity maturation and also
mutation away from self-reactivity, therefore serves as an impor-
tant peripheral tolerance checkpoint. As an example, unmutated
BCR IGHV4-34 genes give rise to antibodies that bind to I/i
antigen on red blood cells (RBC) and may elicit cold agglutinin
disease (CAD), a variant of autoimmune hemolytic anemia
(AIHA). In case of healthy individuals, frequent SHMs in the I/i
binding site of BCR IGHV4-34 genes decrease RBC reactivity
and CAD.
Patients with primary immunodeficiencies (PID) paradoxically develop
autoimmune diseases, including autoimmune cytopenias, especially
AIHA. It is unclear if impaired SHM of BCR, in particular mutation away
from i/I binding, is relevant in the development of RBC reactivity and
consequently AIHA in a PID background.
Our studies focus on PID patients with hypomorphic recombina-
tion activating gene (RAG1 and 2), combined immunodeficiency
phenotype and history of autoimmunity, in particular AIHA (RAG
CID/AI). We detected increased frequency of unmutated IGHV4-
34 BCR in memory B cell repertoires of RAG-CID/AI patients as
well as elevated titer of unmutated IGHV4-34 antibodies in the
patients' plasma. Lower level of SHM likely reflect abnormal
germinal center (GC) reaction. As RAG1 and 2 heterotetramer

primarily shapes the pre-immune T and B cell repertoire, we
studied the interaction of follicular helper T cells (Tfh) and naive
B cells via in vitro co-culture experiment. Interestingly, Tfh cells
from RAG CID/AI patients exhibited highly activated phenotype
with increased expression of CD40L and IL-21 compared to
healthy controls and were able to initiate exaggerated response
(class switching and SHM) of healthy donor naive B cells. On
the contrary, in vitro activated naive B cells from RAG CID/AI
patients showed impaired proliferation, class switching and de-
creased level of SHM with diminished induction of genes in-
volved T cell co-stimulation (CD40, IL-21R) and SHM (AICDA,
repair enzymes) compared to healthy donor naive B cells indicat-
ing intrinsic defect in patient B cells. Furthermore, B cells from
RAG CID/AI patients also showed increased apoptosis and accu-
mulation of Gamma-H2AX foci at steady state indicating reduced
cellular fitness.
These findings suggest that the development of AIHA is a multi-
factorial process in partial RAG deficiency. Our studies highlight
that impaired germinal center reaction is an important tolerance
checkpoint with the inability of patient's B cells to respond to
hyperactive Tfh cells and introduce proper level of SHM.
Hence, we propose that B cell fitness is compromised which
impairs proper GC interaction, SHM, including mutation away
from self and sustains RBC reactivity in hypomorphic RAG defi-
ciency.
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Introduction/Background: The Forkhead Box N1 (FOXN1) tran-
scription factor is an essential regulator of T cell development,
affecting the differentiation and expansion of thymic epithelial
cells (TECs). Autosomal recessive mutations in FOXN1 cause a
T-B+NK+ lymphocyte phenotype due to a thymic aplasia in con-
junction with alopecia universalis and nail plate dystrophy
resulting from keratinocyte dysregulation. This is a classic
nude/SCID (OMIM # 600838) phenotype. We report on the iden-
tification of two independent patients, identified through newborn
screening with absent TRECs and with a T-NK+B+ SCID pheno-
type who presented with a T cell lymphopenia who had com-
pound heterozygous mutations in FOXN1. Notably, these individ-
uals had normal hair and nail beds.
Objectives: To determine whether distinct compound heterozygous mu-
tations in FOXN1 cause a novel T-NK+B+ phenotype in the absence of a
classic nude presentation.
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Methods: Mice were generated by CRISPR/Cas technology to
genocopy the FOXN1 compound heterozygous mutations identi-
fied in one of the human patients. Thymopoiesis and hair follicle
extrusion was analyzed in the various heterozygous and homozy-
gous mutant mice. Gene expression analyses of the hypoplastic
and normal- sized thymii and the developing skin were per-
formed. In addition, a structure-function analysis was performed
with luciferase reporter assays using 9 distinct and previously
unreported FOXN1 mutations uncovered in patients who present-
ed with low TRECs.
Results: Mice harboring compound heterozygous mutations in
Foxn1 that match the human patient phenocopy the T-B+NK+
SCID phenotype with normal hair and nails. A functional charac-
terization of the diverse Foxn1 mutations suggests that the sever-
ity of the block in thymopoiesis depends on whether the muta-
tions affect the DNA binding or transactivation domains of
Foxn1. A 5-amino acid segment at the end of the DNA binding
domain appears to be essential for TEC development. However,
this segment is not required for normal keratinocyte functions in
the skin and nail plate. Gene expression comparisons are reveal-
ing key targets of Foxn1 that suggest a dichotomy in its function
in the thymus versus the skin.
Conclusions: Novel compound heterozygous mutations in FOXN1 are
causal to a T-NK+B+ phenotype with normal hair shaft extrusion and nail
plate extension. This differs from the classic nude/SCID (OMIM # 600838)
reported for individuals with autosomal recessive mutations in FOXN1.
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Neutralizing autoantibodies (autoAbs) against cytokines increase the sus-
ceptibility for selected infections (e.g. anti-IFN-autoAbs for non-
tuberculous mycobacteria and non-typhoid salmonella, anti-IL-17-
AutoAbs for mucocutaneous candidiasis and anti-GM-CSF-auotAbs for
infections by Cryptococcus, Nocardiae and Aspergillus spp). However,
the role of anti-IL-6-AutoAbs is less clear. IL-6 is a key mediator of the
acute-phase response and released early in bacterial infections. Patients
with impaired signaling or affected production of IL-6 are at increased
risk for severe bacterial infections. Only three patients with high-titer and
neutralizing anti-IL-6-AutoAbs who suffered from severe infections
caused by S. aureus, S. intermedius and E. coli have been described so
far. To investigate the prevalence of anti-IL-6-AutoAbs in patients with
bacterial infections, we investigated a cohort of 350 patients and identi-
fied three further patients, all previously healthy, with neutralizing
auotAbs against IL-6 who hardly developed an acute-phase response.
The first patient suffered from life-threatening pneumonia caused by S.
pneumonia, the second patient developed a submandibular abscess and
septic arthritis caused by S. pyogenes and the third patient suffered from
life-threatening pneumonia caused by S. aureus. We also discovered neu-
tralizing anti-IL-6-AutoAbs in two adults among a cohort of patients with
autoimmune diseases (n = 564), in one adolescent among a cohort of
obese individuals (n = 455) as well as in three mothers of neonates with
impaired IL-6 signaling. So far none of the later individuals developed a
severe bacterial infection. This suggests that naturally occurring and neu-
tralizing anti-IL-6-AutoAbs are a risk factor for severe bacterial infections
yet with incomplete penetrance.
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Introduction: COPA syndrome is a recently described monogenic
immunodysregulatory syndrome. The COP protein, encoded for by the
COPA gene, is expressed in all cell types and is involved in trafficking
from the Golgi complex to the endoplasmic reticulum (1). The most
common clinical features of COPA syndrome are interstitial lung disease,
pulmonary cysts or follicular bronchiolitis, pulmonary hemorrhage, ar-
thritis, glomerular disease, and autoantibody development (2, 3). Atypical
features of COPA syndrome identified thus far include: extrapulmonary
cysts in the liver and kidney, renal and neuroendocrine malignancies,
autoimmune neurological disorders such as neuromyelitis optica, and
infections, such as meningitis (4).
Clinical Case: We present a case of a 2 year-old male with COPA syn-
drome (de novo heterozygous mutation in Exon 9, c.715G>C;
p.Ala239Pro) manifesting as lymphocytic interstitial pneumonitis, pe-
ripheral blood B-cell lymphocytosis, mediastinal lymphadenopathy and
persistent transaminitis (ALT and AST 100-400 U/L, nl AST<35 U/L,
ALT <55U/L) with normal bilirubin, alkaline phosphatase and PT/INR.
The transaminitis was noted prior to diagnosis of COPA syndrome, and
has persisted despite seven months of therapy with pulse dose steroids, two
cycles of rituximab and maintenance therapy with hydroxychloroquine and
prednisone. He has had a normal CK and aldolase excluding muscle injury
as a source of his transaminitis. A congenital cholestasis panel was normal.
Markers of autoimmune liver disease including ANA, anti-liver kidney
microsomal antibody and anti-smooth muscle were negative. Serum ceru-
loplasmin and alpha-1-antitrypsin level were normal and celiac serologies,
were negative. Liver ultrasound was normal. A liver biopsy did not dem-
onstrate inflammatory changes, hepatocyte necrosis, mononuclear cell in-
filtrates or fibrosis. Nonspecific biopsy findings included occasional
intraparenchymal neutrophils. It is unclear if these scattered neutrophils
and the transaminitis are due to an early as yet unidentified autoimmune
process, perhaps in response to hepatocellular stress exacerbated by the
COPA mutation.
Discussion: Liver involvement has not been reported in COPA syndrome.
We describe a child with COPA syndrome who has had chronic
transaminitis with no clear alternative cause. If the phenotypic spectrum
of COPA syndrome involves the liver, it may limit immunomodulatory
options for the treatment of this disease.
References:
(1) Watkin, L. B., Jessen, B., Wiszniewski, W., Vece, T. J., Jan, M., Sha,
Y., ... & Forbes, L. R. (2015). COPAmutations impair ER-Golgi transport
and cause hereditary autoimmune-mediated lung disease and arthritis.
Nature genetics, 47(6), 654.
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Guillerman, R. P., ... & Forbes, L. R. (2016). Copa syndrome: a novel
autosomal dominant immune dysregulatory disease. Journal of clinical
immunology, 36(4), 377-387.
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B. M., ... & Helfgott, S. M. (2018). Analysis of pulmonary features and
treatment approaches in the COPA syndrome. ERJ open research, 4(2),
00017-2018.
(4) Taveira-DaSilva, A. M., Markello, T. C., Kleiner, D. E., Jones, A. M.,
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BACKGROUND: Inborn errors of immunity constitute a heterogeneous
group of over 400 individually rare congenital diseases that involve genes
coding for proteins of the immune system, and which result in increased
susceptibility to infection, inflammation, autoimmunity, allergy and can-
cer. The complexity of the diagnostic task, and the intrinsic biases
and limitations of the human mind, can be aided by computational
tools. Among the available machine learning approaches, decision
tree algorithms select the best node to split based on entropy and
information gain; random forests build hundreds or thousands of
decision trees randomly (bootstrapping), to improve accuracy and
reduce overfitting.
AIM: To implement a machine learning-assisted clinical decision
support system for the diagnosis of inborn errors of immunity
(IEI).
METHODS: With a local database of patients with suspected IEI, we
built a decision tree using c4.5 DTC, and a Random Forest on Python 3
(Jupyter Notebook, SciKit, MathPlotLib, Pandas, Numpy). The database
was obtained by conducting an electronic search on MedSys of patients
with the term immunodeficiency in their electronic medical records, and
then hand-picking cases in which an IEI had been confirmed or ruled out.
It consisted of 234 patients, of which 201 had been diagnosed with IEI.
We first split the dataset randomly into training (70%) and testing (30%)
sets. The decision tree was tasked with classifying correctly PID or
NOT. After running the algorithm in the training set, we evaluated in
the testing set. The random forest classified all cases by majority vote
into nine groups (0 to 8), according to the IUIS PID group. Next, we
repeated the process on a larger scale with a dataset of 2,400 patients
from USIDNET. Accuracy was assessed by out-of-bag (OOB) error
estimates.
RESULTS: Accuracy was greater than 95% for the local dataset (PID/
Not, 9 groups), and for the USIDNET dataset (9 groups). We provide a
list of decision nodes and a diagnostic route with those questions that
achieved a greater information gain and less entropy. This might help
clinicians direct their interrogation and diagnostic approach of suspected
IEI patients.
DISCUSSION: We built two classification models. Decision trees
lend themselves more easily to learning and deriving rules of thumb
from their sequences. Random forests are more robust and better
suited for categoric (as opposed to binary) classification. We next
want to develop a chatbot that will ask relevant questions in optimal
sequence, and extract undiagnosed patients with suspected IEI, based
on statistical red flags.
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Background: In humans, biallelic STAT1 lost-of-function (LOF) muta-
tions lead to a very low or complete absence of the wild-type (WT)
protein. Whereas, heterozygous mutations can lead to partial loss of func-
tion. These patients are susceptible to mycobacteria and herpes virus
infections. On other hand, heterozygous gain-of-function (GOF) muta-
tions in the STAT1 gene result in a hyperphosphorylated state where
patients develop recurrent or persistent chronic mucocutaneous candidi-
asis (CMC), other cutaneous mycosis, bacterial infections, disseminated
dimorphic fungal infections, viral infections and autoimmune disease.
Methods: In this study, we evaluated 4 novel STAT1 mutations, three
GOF and one LOF. In vitro, PBMCs from these patients were stimulated
with IFN- and IFN- for 30, 60, and 120 minutes and levels of phospho-
STAT1 were measured by flow cytometry. The STAT1 phosphorylation
and activity (firefly and Renilla luciferase activities) were evaluated in
U3A-STAT1 deficient cells transfected with a reporter plasmid (for lucif-
erase), WT or mutant-STAT1 plasmids.
Results: We observed higher levels of STAT1 phosphorylation after two
hours of stimulation from three GOF mutations compared to WT.
However, a LOF mutation showed absent STAT1 activation at baseline
and in response to IFN- and IFN-. Luciferase reporter assay confirmed
gain of function and loss of function STAT1 activity observed by flow
cytometry.
Conclusions: Using flow cytometry followed by a luciferase assay, we
confirmed four novel STAT1 mutations. Measuring phosphorylation of
STAT1 by flow cytometry is sufficient to determine whether the STAT1

mutation is disease causing. This assay can be translated to a clinically
accessible test for STAT1 related disease.
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DNA repair defects are inborn errors of immunity that result in increased
apoptosis and oncogenesis. DNA Ligase 4-deficient patients suffer from a
wide range of clinical manifestations since early in life, including: micro-
cephaly, dysmorphic facial features, growth failure, developmental delay,
mental retardation; hip dysplasia, and other skeletal malformations; as well
as a severe combined immunodeficiency, radiosensitivity and progressive
bone marrow failure; or, they may present later in life with hematological
neoplasias that respond catastrophically to chemo- and radiotherapy; or,
they could be asymptomatic. We describe the clinical, laboratory and genet-
ic features of five Mexican patients with LIG4 deficiency, together with a
review of 36 other patients available in PubMedMedline. Four out of five of
our patients are dead from lymphoma or bone marrow failure, with severe
infection and massive bleeding; the fifth patient is asymptomatic despite a
persistent CD4+ lymphopenia. Most patients reported in the literature are
microcephalic females with growth failure, sinopulmonary infections,
hypogammaglobulinemia, very low B-cells, and radiosensitivity; while
bone marrow failure and malignancy may develop at a later age.
Dysmorphic facial features, congenital hip dysplasia, chronic liver disease,
gradual pancytopenia, lymphoma or leukemia, thrombocytopenia and gas-
trointestinal bleeding have been reported as well. Most mutations are
compound heterozygous, and all of them are hypomorphic, with two
common truncating mutations accounting for the majority of patients.
Stem-cell transplantation after reduced intensity conditioning regimes
may be curative.
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BACKGROUND: Variants in recombination-activating genes (RAG) are
common genetic causes of autosomal recessive forms combined immu-
nodeficiencies (CID) ranging from severe combined immunodeficiency
(SCID), Omenn syndrome (OS), atypical SCID (AS) and CID with gran-
ulomas and/or autoimmunity (CID-G/AI). The clinical and immunologi-
cal presentation is broad, ranging from severe infections secondary to
near absence of T and B lymphocytes and hypogammaglobulinemia to
the occurrence of autoimmunity with late manifestations with partly pre-
served immune subsets and near normal immunoglobulin levels and
broad spectrum of autoantibodies.
OBJECTIVE: We aim to estimate the incidence, clinical presentation,
genetic variability and treatment outcome with geographic distribution
of patients with the RAG defects in populations inhabiting South, West
and East Slavic countries. Due to shared ancestry, we also investigated
our cohort for founder variants in RAG1 and RAG2 genes.
METHODS: Demographic, clinical and laboratory data were collected
from RAG deficient patients of Slavic origin via chart review,
retrospectively.
RESULTS. Based on the clinical and immunologic phenotype, our cohort
of 80 patients from 66 families represented a wide spectrum of RAG
deficiencies, including SCID (n=19), OS (n=36), AS (n=21) and CID-
G/AI (n=4). Sixty-six (82.5%) patients carried RAG1 and 14 patients
(17.5%) carried RAG2 biallelic variants. We estimate that the minimal
annual incidence of RAG deficiency in Slavic countries varies between 1

J Clin Immunol (2019) 39 (Suppl 1):S1–S151 S131



in 180,000 300,000 live birth and it may vary secondary to health care
disparities in these regions. In our cohort, 70% of the patients carried
RAG1 p.K86Vfs*33 (c.256_257delAA), either in homozygous (n=17,
26%) or compound heterozygous (n=29, 44%) form. The majority
(77%) of patients with homozygous RAG1 p.K86Vfs*33 originated from
Vistula watershed area in Central and Eastern Poland, and compound
heterozygote cases distributed among all Slavic countries except
Bulgaria. Clinical and immunological presentation of homozygous
RAG1 p.K86Vfs*33 cases was highly diverse suggestive of strong influ-
ence of other genetic and/or epigenetic factors in shaping the final phe-
notype. Survival of RAG deficient patients without hematopoietic stem
cell transplant (HSCT) (n=3, 8.8%) is poor and dramatically improved in
the last decade with access to HSCT and tailored conditioning regimens.
CONCLUSION: We propose that RAG1 p.K86Vfs*33 is a founder var-
iant originating from the Vistula watershed region in Poland, which may
explain a high proportion of homozygous cases from Central and Eastern
Poland and the presence of the variant in all Slavs. Our studies in cases
with RAG1 founder variants confirm that clinical and immunological
phenotype only partially depend on the underlying genetic defect.
HSCT is becoming available for RAG deficient patients in Eastern
Europe with improving outcome.
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Background: Acute GvHD following solid organ transplantation is a rare
complication. Intestinal and liver transplantation have the greatest risk of
GvHD among solid organs due to high number of donor lymphocytes in
these organs. Prevalence of acute GvHD after liver transplantation is
estimated to be around 0,1-2% and has a poor prognosis(1). Chronic
neurological GvHD is a rare form of GvHD with three subtypes de-
scribed: cerebral vasculitis, demyelinating disease and immune mediated
encephalitis. Acute neurological GvHD has no clear definition and is still
considered a controversial entity.
Case presentation: A 63 year-old male underwent cadaveric liver trans-
plantation for alcoholic cirrhosis and hepatocellular carcinoma. The do-
nor was a 70 year-old man who died from anoxic brain injury. The re-
ceiver was induced with basiliximab and then put on prednisone, azathi-
oprine and tacrolimus. He was readmitted 10 weeks later for myalgia,
headache, fever and neutropenia. Clinical state initially improved with
empiric antibiotics. He then developed a skin eruption, colitis and DIC.
The latter was thought to be tacrolimus-induced. He was switched to
cyclosporine. Skin and rectosigmoid biopsies were compatible with acute
GvHD. He received basiliximab and IVIG and developed a refractory
convulsive state. CSF analysis showed elevated proteins and slight
pleocytosis. Cerebral MRI showed non-specific white matter lesions
and conventional angiography was normal. Chimerism on peripheral
blood was 0% but was 45% donor on CSF. With the presence of chime-
rism on CSF, evidence of cutaneous and digestive GvHD and no infec-
tious cause, neurological GvHD was considered the most likely diagno-
sis. Brain biopsy showed non specific change including neuropil
spongiosis, microglial activation and reactive gliosis; but no signs of
vasculitis or demyelinating disease. He was treated with ATG, high-
dose systemic corticosteroids, cyclosporine, IVIG and intrathecal metho-
trexate and corticosteroids. CSF pleocytosis, proteins and chimerism im-
proved with treatment (45% to 2% donor). No improvement was noted
regarding his neurological state and he developed pancytopenia. He was

then transfer to palliative care and died shortly after (4 month and a half
after liver transplant).
Discussion: To our knowledge, there is only one prior case published of
neurological GvHD following liver transplantation (2). Both patients
were old, had hepatocellular carcinoma and had at least one HLA match.
Age >50 year, hepatocellular carcinoma and shared HLA antigen are
known risk factors for GvHD following liver transplantation (1).
Our patient had only one HLA match with the donor. This case is
intriguing as there was a great discrepancy between blood and
CSF chimerism. Acute neurological GvHD following transplanta-
tion is a real complication. It must be taken into consideration in
patients with neurological involvement after transplant, even solid
organ transplantations.
References
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Introduction: Hyper-IgM syndrome are rare. Although no data are avail-
able on the frequency of activation-induced cytidine deaminase (AID)
deficiency, this disorder is estimated to affect less than 1:1,000,000 indi-
viduals. By the year 2012, 110 cases worldwide (1) with such mutation
have been described. We describe a patient with hyper IgM by mutation
in the AICDA gene.
Case report: MVV, 5-year-old boy, born to consanguineous parents, was
referred with recurrent pneumonia, which started shortly after discontin-
uation of breastfeeding at 6 months old. Repetitive otitis evolved with
bilateral tympanic and partial hearing loss. He was submitted to
adenoidectomywithout improvement. Immunological evaluation showed
normal numbers of B and T cells with CD3+ (1290/mm3, 65%), CD4+
(547/mm3, 28%), and CD8+ (259/mm3, 13%). Immunoglobulin concen-
trations were: IgG = 138mg/dl (p97). Treatment with Intravenous immu-
noglobulin and prophylactic antibiotic was initiated and he had no infec-
tions during the follow up except for one episode of sinusitis. At 10 years
of age, molecular evaluation was performed and a mutation in homozy-
gosity in the AICDA gene (OMIM * 605257) at position chr12:
8.757.821 was found, confirming the clinical suspicion.
Conclusion: The role of AID in the immunoglobulin class-switch recom-
bination (CSR) and somatic hypermutation (SHM) have not been fully
elucidated. Summarizing within the SHM and CSR processes, AICDA
mutation can induce DNA lesions in directed sequences in the S and V
regions required for DNA cleavage. Recurrent infections and consanguin-
ity raised the suspicion of inborn errors of immunity in this patient. The
literature described late diagnosis as in the second or even the third decade
of life. It was suggested that high levels of IgM antibodies may provide
effective defense, at least, against some infectious agents. It is important
to emphasize that the impossibility to obtain genetic diagnosis did not
prevent to introduce therapy.
* AICDA: activation induced cytidine deaminase gene
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CARD9 deficiency is an autosomal recessive primary immunodeficiency
known to underlay increased fungal infection susceptibility mostly pre-
senting as invasive CNS candida infections (in infancy or adulthood) and
dermatophyte infections. More recently, a rare CARD9 variant (c.1434+1
G>C, leading to exon 11 skipping, CARD9del11) showed a significant
protective association towards inflammatory bowel disease (IBD) when
present in heterozygosity. At the NIH we studied an 8-year-old male
patient (P1) born to a non-consanguineous marriage who presented as
an infant with recurrent/severe thrush, candida esophagitis, and an epi-
sode of tinea pedis; P1 also has mild hypogammaglobinemia (IgG
~500mg/dL at age 8y). P1s gDNAwas tested by whole exome sequenc-
ing and showed a CARD9 c.1434+1 G>Cmutation in homozygous state.
Segregation analysis and Sanger confirmation determined that both par-
ents and P1s elder brother carried the same variant in heterozygosity,
while his asymptomatic younger brother (P2) was also homozygous. As
previously described, this variant caused CARD9 exon 11 deletion as
determined in P1 and P2s PBMCs by cDNA sequencing and by a lower
molecular weight CARD9 protein by immunoblot evaluation. P1 and P2s
PBMCs, as well as the heterozygous parents cells, showed a defective
cytokine generation (TNF-, IL-1, IL-6 and GM-CSF) in response to heat
killed candida (HKC), but not to LPS. While patients PBMCs failed to
induce phospho-Erk and phospho-p-38 uponHKC-stimulation but presented
an intact response to PMA+ionomycin; the parents cells responded normally
to both stimuli. Moreover, T-cell activation and proliferation was affected in
response to HKC but not to PHA in both patients, whereas the parents
exhibited normal results under the same conditions. When HEK293 cells
were transiently transfected with WTor CARD9del11 vectors together with
a TRIM62 plasmid (E3-ubiquitin ligase, naturally associated to CARD9), we
confirmed that CARD9del11 failed to bind TRIM62 by immunoprecipita-
tion. Furthermore, MALT1, BCL10 and TRIM62 were only co-precipitated
byWTCARD9, but no by CARD9del11, strongly suggesting TRIM62 is an
integral part of the CARD9/BCL10/MALT1 -CBM- complex.
In summary, herein we demonstrate that the CARD9del11 allele fails to
bind TRIM62, and in turn is unable to conform a complete/functional
CBM complex. Our data also show that CARD9del11 acts in a dominant
negative fashion in terms of cytokine generation (previously reported),
but one WT allele seems sufficient to generate normal levels of HKC-
induced p-Erk and p-P-38, as well as T-cell proliferation.While decreased
cytokine generation associated with CARD9del11 in heterozygosity has
been described to be sufficient to protect towards IBD, other defective
pathways are affected in homozygosity and likely necessary to confer
increased susceptibility to fungal infections. Altogether these results sug-
gest that CARD9del11 acts through a gene dosage mechanism that can
dissect pathways that associate IBD protection and fungal infection sus-
ceptibility. Further work is warranted to explore CARD9del11 role, if any,
in B-cell and T-cell biology.
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Background: Acquired generalized lipodystrophy (AGL) syndromes are
a heterogeneous group of diseases characterized by selective dysfunction
and loss of adipose tissue after birth. This causes ectopic lipid deposition
and deficiency of the adipokine leptin, which promotes metabolic dys-
function through impaired glucose handling resulting in insulin-resistant
diabetes mellitus, dyslipidemia and steatohepatitis. While the metabolic
effects of altered adipokine secretion are known, the molecular mecha-
nism is less clear. Many AGL cases are suspected to have an autoimmune
etiology. Effector and regulatory T cells, dendritic cells and macrophages
reside in normal adipose tissue. T cells within adipose tissue highly ex-
press PD-1 and regulatory T cells express CTLA4, which limits immune
activation in the adipose tissue under normal circumstances. Thus, inhi-
bition of these immune checkpoints may hypothetically cause immune
activation, leading to adipocyte dysfunction and autoimmune destruction.
We have encountered two cases that raise clinical concern for this process.
Patient Cases: Patient 1 is a 16-year-old female who presented with failure
to thrive at 6 months. She was diagnosed with insulin-resistant type 1
diabetes and hypertriglyceridemia at ages 2 and 4 years with progressive
subcutaneous fat loss and low leptin levels culminating in a diagnosis of
AGL. Her childhood clinical course was complicated by hypertrophic
cardiomyopathy, hepatomegaly, autoimmune hemolytic anemia with
massive splenomegaly and severe chronic diarrhea secondary to autoim-
mune enteropathy. She presented at 14 years with acute liver failure,
thrombotic microangiopathy, nephrotic syndrome and progressive kidney
insufficiency. Evaluation for her multi-faceted autoimmune presentation
identified a familial heterozygous pathogenic variant in the CTLA4 gene
(c.4_5insGTTGG,p.Ala2GlyfsTer14). Despite aggressive immune thera-
pies, including CTLA4-Ig (abatacept), her kidney disease and enteropa-
thy have progressed.
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Patient 2 is a 55-year-old male diagnosed with localized malignant mela-
noma of the right neck in July 2014. He underwent excisional biopsy and
regional lymph node dissection with negative margins. He relapsed in
November 2017 and underwent a modified radical neck dissection with 1
lymph node positive for disease and received external beam radiation from
January-February 2017. Additionally, he was started on anti-PD-1 therapy
with the humanized antibody drug pembrolizumab in April 2017 but
discontinued the drug in February 2018 in the setting of toxicities including
hypothyroidism. Subsequently, he developed up to 7.5% weight loss with
progressive loss of subcutaneous fat first in his face, then generalized to the
rest of his body. In the ensuing months, imaging with PET-CT demonstrat-
ed loss of subcutaneous fat concurrent with elevations in ALT and triglyc-
eride levels plus a low leptin level consistent with AGL.
Conclusion: These cases raise concern that inhibition of the immune
checkpoints CTLA4 and PD-1 may facilitate the development of AGL.
We hypothesize that these defects significantly increase T cell autoim-
mune activity in the adipose tissue and/or alter Tcell metabolism resulting
in AGL. Disorders of immune dysregulation should be considered in the
etiology of AGL. Similarly, patients with either genetic or pharmacologic
inhibition of immune checkpoints should be monitored for the develop-
ment of AGL with careful physical exam and periodic monitoring of
glucose and triglyceride levels.

(224) Submission ID#607046

A Case of Lymphopenia in Rosai Dorfman Disease

Lisa Liang1

Medical Resident, Memorial University

Background: Rosai-Dorfman Disease (RDD; also known as Sinus
Histiocytosis with Massive Lymphadenopathy) is a rare non-
Langerhans cell histiocytosis. It is characterized by proliferation and ac-
cumulation of activated histiocytes in affected tissues. Classically, RDD
presents with bilateral, non-tender, and often markedly enlarged cervical
lymphadenopathy.
Case presentation: A 2-year-old female presented with a 6-week history
of asymptomatic, persistent and bilaterally enlarged cervical lymph
nodes. She was otherwise healthy with no significant past medical history.
Operative excision biopsy of the largest lymph node confirmed the diag-
nosis of RDD. Three months following diagnosis, routine bloodwork
revealed that she had developed lymphopenia (lymphocyte count 1.4 x
109/L). Between 1-year and 2-and-a-half-years post-diagnosis, the patient
was hospitalized and treated with intravenous antibiotics for 2 presumed
episodes of osteomyelitis and 2 presumed episodes of lymphadenitis.
Given the recurrent presumed infections and persistent lymphopenia,
the patient was referred to Immunology for evaluation. She received a
full immunologic work-up. Lymphocyte immunophenotyping revealed
low CD4 (288 cells/mm3) and low CD8 (228 cells/mm3) counts. The
rest of her immunologic work-up was within normal limits.
Approximately 3-and-a-half-years post-diagnosis, the decision was made
to initiate treatment for RDD. Shewas started on a 6-week tapering course
of prednisone therapy. Within 2-weeks of starting corticosteroid therapy,
the lymphadenopathy had diminished, and by 6-weeks, the lymphopenia
completely resolved. At her most recent clinic visit, she had been free of
serious infections for more than 3-years, and her lymphocyte counts had
remained stable and within normal limits for over one year.
Discussion: In the literature, immune system dysfunction has been reported
in RDD, with both auto-antibodies and cellular immunodeficiency implicat-
ed. In this patient, the persistent lymphopenia and recurrent episodes of
presumed infections appeared consistent with an immunodeficiency.
Given the known association of RDD with immunologic dysfunction, this
was certainly a reasonable assumption; however, when these issues resolved
following corticosteroid therapy, we questioned whether her clinical presen-
tation could instead represent a manifestation of her underlying RDD. This

case highlights the diagnostic challenge of differentiating between an infec-
tion and an RDD exacerbation. The episodes of presumed infections were
considered probable but not confirmed with microbiologic or histopatholog-
ic specimens. The mechanism underlying lymphopenia in RDD is not clear
but may involve decreased production, increased destruction, or sequestra-
tion of lymphocytes. To our knowledge, this has not been specifically stud-
ied in RDD in the past, however lymphopenia has been linked to lympho-
cyte maldistribution in other diseases. For example, studies have shown that
experimentally altering either the surface of the lymphocyte or the environ-
ment through which the lymphocyte travels through can cause sequestration
of lymphocytes in various lymphoid organs including lymph nodes.
Conclusion: We describe the case patient with RDD that developed per-
sistent lymphopenia, and multiple episodes of presumed infections
resulting in hospitalization and intravenous antibiotic therapy. Her lym-
phopenia resolved and she had sustained remission of RDD following
treatment with corticosteroids. We hypothesize that lymphocyte seques-
tration in enlarged lymph nodes may have resulted in lymphopenia. This,
combined with recurrent RDD exacerbations that clinically resemble in-
fections created a presentation that mimicked an immunodeficiency.
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Background: There is an expanding spectrum of immunodeficiency phe-
notypes linked to DNA repair defects, and some patients may not be
diagnosed until adulthood. The most well recognized genetic defect
linked to DNA repair is in the gene, Ataxia Telangiectasia Mutated
(ATM), which causes ataxia telangiectasia, characterized by combined
immunodeficiency, neurodegeneration, radiation sensitivity, and ocular
telangiectasias. However, there are several other DNA repair defects as-
sociated with immunodeficiency, including some syndromic and severe
combined immunodeficiency (SCID) disorders.
Objective: We present the case of an adult patient with prolonged history
of recurrent infections, facial abnormalities, and autoimmunity who was
found to have radiosensitivity suggestive of a DNA repair defect.
Methods: Retrospective chart review, immunodeficiency evaluation,
flow-based radiosensitivity assay, gene sequencing.
Results: A 68-year-old female was referred to our clinic due to a complex
history of recurrent infections and immune dysregulation.
The patient had a lifelong history of sinopulmonary infections and pan-
hypogammaglobulinemiawith lowvaccine responses, leading to a diagnosis
of Common Variable Immunodeficiency (CVID), necessitating treatment
with immunoglobulin replacement. Clinical features were also notable for
congenital dysmorphia (strabismus, thin and angular face, high arched pal-
ate, nasal septal defect, small mouth, missing dentition, clinodactyly, severe
equinovarus, and scoliosis). She was subsequently diagnosed with autoim-
mune features of vasculitides requiring trial of cyclophosphamide, azathio-
prine, rituximab and belimumab, which was later discontinued due to neu-
tropenia and worsening sinopulmonary and skin infections despite immu-
noglobulin replacement. In the course of our evaluation she was revealed to
have severe B cell lymphopenia (1%), CD4 naïve T cell lymphopenia,
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persistent IgA and IgM deficiency one-year post Rituximab therapy, and
elevated alpha fetoprotein (AFP). Radiosensitivity assay revealed decreased
ATMphosphorylation and elevated levels of H2AX24-hours after low-dose
(2Gy) radiation in her lymphocyte subsets (T, B and NK cells).
Due to the evidence of radiosensitivity and elevated AFP levels, there was
concern for an ATM or other genetic defects in a DNA repair pathway.
Therefore, a targeted (primary immunodeficiency genes) panel was pur-
sued for genetic testing (207 genes, Invitae, San Francisco). The evaluation
did not identify a variant in the ATM gene but rather a variant of uncertain
significance was identified in the CHD7 gene, in exon 38, c.8440G>A
(p.Gly2814Arg), which may be mosaic. This variant has not been reported
in population databases. CHD7 is typically associated with CHARGE
syndrome, and while this patient has some dysmorphic features, she is
not typical for CHARGE syndrome. Currently, studies on copy number
variation (CNV) and deep intronic variants in ATM are pending.
Conclusion: DNA repair defects may occur in adult patients with a pri-
mary diagnosis of CVID. Our patient exhibits some phenotypic features
of both a CHD7 variant, and ATM leading to possible abnormal DNA
damage responses (DDR). The exact cause of the immune deficiency in
our case remains presently unsolved. This case highlights the relevance of
both functional studies and genetic evaluation of complex cases of im-
mune dysregulation, for improving our understanding of the phenotypic
variability in these immunological disorders.
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Background: Womens health issues in patients with immunodeficiency are
largely underrepresented in the literature. There are no studies assessing for
fertility issues in patients with antibody deficiencies, and there are few
sizable studies examining pregnancy and outcomes on progeny in the same
cohort. The two largest studies of pregnancy in antibody deficiency, an IDF
survey and a study of the Czech population, provide conflicting data about
the safety of pregnancy for these patients. Immunoglobulin replacement
has been shown to be safe and beneficial in pregnancy for patients with
CVID, however, dosing strategies are unguided. We sought to further un-
derstand these and other issues associated with fertility and pregnancy in a
large cohort of patients with antibody deficiencies.
Methods: We performed a retrospective chart review of over 100
patients with ICD9 and/or ICD10 codes of CVID or another anti-
body deficiency from January 2005 to December 2018. Inclusion
criteria also comprised of having reached at least 16 years of age,
the beginning of child bearing years. Data collected included disease
characteristics, comorbidities, laboratory values, and outcomes. This
was followed by a phone survey to elucidate data regarding fertility,
pregnancy, delivery complications, and outcomes of children. This
study was IRB approved.
Results: The current age of women included ranged from 16 to 88 years of
age, currently being in childbearing years to being post-menopausal. Forty
percent of the women had been pregnant, delivering an average of 2 babies
per woman who had been pregnant. Fertility issues were not a prominent
factor for women who never became pregnant. A majority of women who
had babies (64%) did not receive a diagnosis of antibody deficiency until
after their child bearing years. Recurrent upper respiratory tract infections,
bacterial sinusitis, and urinary tract infections during pregnancy were com-
mon even in those not yet diagnosed with antibody deficiency.
Immunoglobulin levels and dosing of intravenous and/or subcutaneous

replacement were recorded for a subset of patients with recent pregnancies.
The data re-enforced that increases in dosing are needed in the third trimes-
ter. Cord blood IgG levels were also recorded for baby andwere the same or
higher than the mothers most recent IgG prior to delivery. It was rare for
children of our patients to be diagnosed with antibody deficiency or a
related condition, although CVID, hypogammaglobulinemia, combined
immunodeficiency, lymphoma, rheumatoid arthritis, and other diagnoses
were found.
Conclusion: This is the largest report of outcomes before, during, and
after pregnancy for patients with antibody deficiencies in the United
States. This report highlights the importance of closely monitoring wom-
en during pregnancy for recurrent infections regardless of whether a di-
agnosis of antibody deficiency is present. It also highlights that close
monitoring of IgG levels during pregnancy is necessary for women with
antibody deficiencies.
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Backgrounds: Autoinflammatory diseases (AIDs) are a group of disor-
ders with an inborn error of innate immunity, characterized by recurrent
episodes of fever and inflammatory attacks. The spectrum of AIDs is
expanding, but no data on clinical presentation and symptom variability
exist for the Iranian population for timely precise diagnosis. This study
aims at establishing the first Autoinflammatory registry of an Iranian
population focusing on the clinical and laboratory features that may help
clinicians toward a better understanding and diagnosis of these disorders.
Methods: Clinical and laboratory characteristics of patients who clinically
and or genetically diagnosed with AIDs collected. We used the updated
version of classification criteria from the Eurofever Registry for the clin-
ical diagnosis.
Results: In our retrospective study, clinical and laboratory characteristics
of the participants collected. Mean age of disease onset, disease course
manifestation, the mean duration of episodes, atypical symptoms, labora-
tory and imaging studies as well as complications, and response to treat-
ment also reviewed.
Data resulted in 26 patients of whom 16 were male. Their age ranged
from 2 to 68 years. 5 out of 26 were genetically diagnosed. Familial
Mediterranean Fever (FMF) was the most common clinically and genet-
ically approved diagnosis. There were also patients suspected of NLRP12
and NOD2 mutations. Age at disease onset differed variably and ranged
from the neonatal period to adulthood. Fever was present in all the par-
ticipants and the duration of episodes was 1-10 days. The frequency of
attacks was between 3 to more than 12 per year. Some of the common
clinical manifestations were as follows: myalgia or fatigue (77%), arthral-
gia and arthritis (70%), abdominal pain (65%), Aphthous stomatitis
(38%), chest pain (34%), chronic gastrointestinal symptoms (38%), skin
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lesion ranging from urticarial rash and severe nodular acne to pyoderma
gangrenosum (50%), exudative and or erythematous pharyngitis (46%),
consanguineous parents (42%), symptoms of a type of allergy (84%),
lymphadenopathy (27%), splenomegaly (27%), Increased acute phase
reactant (54%), elevated liver function test (19%). 10 out of 26 of the
individuals reported positive family history and in one of the cases, a
patient carrying the homozygous mutation in the MEFV gene has shown
no clinical manifestation.
Conclusion: This study highlights the most common manifestations of
AIDs in the population of Iranian origin and can be used as evidence-
based clinical criteria for their diagnosis.
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Background: The term benign ethnic neutropenia (BEN) is used to de-
scribe patients of African/Arabic descent with absolute neutrophil counts
(ANCs) less than 1500 cells/uL in the absence of other causes.
Historically, race has been used to support the diagnosis of BEN, but
self-reported race is notoriously imprecise. The Duffy null phenotype
(Fya -/Fyb-) is a known molecular cause of BEN and may be a more
reliable marker of BEN than self-reported race. In addition, although the
ANC is known to be lower in patients with BEN, the lower limit of ANCs
is poorly described. It is important to differentiate patients with BEN from
primary immunodeficiency diseases (PIDD) and to recognize their ex-
pected ANC values.
Methods: Eligible subjects included patients less than 21 years seen at
the University of Michigan between January 2010-July 2018. Duffy
null (Fya -/Fyb-) patients were identified using Electronic Medical
Record Search Engine (EMERSE) software and search terms Duffy
and FYAB. 105 potential subjects were identified; 67 patients met
inclusion criteria including Duffy null status and the absence of other
conditions or medications, potentially impacting ANCs. 251 unique
healthy ANC values were recorded from the 67 Duffy null patients.
Age and sex matched controls were identified using EMERSE soft-
ware with search terms tonsillectomy, department of anesthesiology
and absolute neutrophil count. Subjects with conditions ormedications
thatmight impact the ANCor of African/Arabic descent were excluded
from the control group. Asian and Caucasian patients included as con-
trols were presumed to be Duffy null given that <1% of these popula-
tions are expected to be Duffy null. 363 control subjects were identi-
fied; 134 met inclusion and exclusion criteria. Statistical analysis was
performed using two-sided two-sample t-test, ANOVA and one-
sample t-test.
Results: The median age of the Duffy null cases was 4.78 years (IQR:
1.68-11.48) with 61.2% (n=41) male and all of African or Arabic descent.
Mean ANC for Duffy null patients was 1190 cells/uL (n=251, SD= 650)
while mean ANC for controls was 4300 cells/uL (n=134; SD=1600) with

a mean difference between controls and Duffy null cases of 3100 cells/uL
(95% CI: 2950-3380; p=0.0001). The ANC levels between Duffy null
individuals and controls were evaluated by five age categories (p=0.0001
for all age categories). However, there was no difference in ANC levels
between Duffy null cases at different age categories (ANOVA,
p=0.14196). 54 (21.5%) Duffy null CBCs had ANC levels in the non-
neutropenic range (>1500 cells/uL), 99 (39.4%) CBCs had mild neutro-
penia (1001-1500 cells/uL), 70 (27.9%) CBCs had moderate neutropenia
(500-999 cells/uL), and 28 (11.2%) CBCs had severe neutropenia (<500
cells/uL).
Conclusions: Although neutropenia can be associated with PIDDs and is
often a sign of a compromised immune system, Duffy null patients have a
wide range of values that are often much lower than previously appreci-
ated. The degree of neutropenia related to Duffy null phenotype appears
to persists throughout childhood and young adulthood. In the context of
patients of African/Arabic descent presenting with asymptomatic neutro-
penia, Duffy null status should be assessed, and BEN should be consid-
ered in the differential.
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Patients with chronic granulomatous disease (CGD) are at risk for recurring
infections and non-infectious inflammation, reduced quality of life and life
expectancy. Conventional treatment with life-long anti-bacterial and anti-
fungal prophylaxis prolongs lifespan but does not eliminate the lifelong risk
of infection and inflammation. Allogenic stem cell transplantation is cur-
rently the only curative option for this disease. Although SCTwith reduced
intensity conditioning has improved treatment-related mortality and effica-
cy, it remains amatter of debate whether all patients with CGD benefit from
SCT, whether pre-existing infections and non-infectious inflammation are
risk factors and at what age SCT should be performed.
We compared patients with CGDon conventional treatment with those after
stem cell transplantation for their prognosis and evaluated potential risk
factors for stem cell transplantation outcome followed up in six European
centers. Frequency of infections, inflammatory complications, hospitaliza-
tions, operations and immunomodulative/immunosuppressive therapy,
height and weight were compared in patients on conventional treatment
/before stem cell transplantation versus patients after SCT. Correlation be-
tween transplantation outcome and patient characteristics or medical history
was tested. 105 patients were recruited, 55 on CT, 50 after stem cell trans-
plantation. Before/without transplantation 98% of patients suffered from at
least one infection, 84,8% from inflammatory complications.
Patients on conventional treatment developed infection/inflammation/
hospitalization/surgery at a median of 2,28 (range [0,29-21,82], IQR
2,79) per year, versus 9 (range [1-72], IQR 8,5) in the first year after stem
cell transplantation but 0 (range [0-15], IQR 0,53) after the first year post
stem cell transplantation. There was a significant decrease of all compli-
cations after stem cell transplantation (p < .05). Growth improved signif-
icantly after stem cell transplantation (z-score weight -1,692 versus -0,846
(p.017), z-score height -1,906 versus -1,064 (p.029)). Nevertheless, com-
plications post stem cell transplantation are frequent: 88% of patients had
at least one infection, 8% had severe acute GvHD, 12% chronic GvHD,
16% had graft rejection, 12% died. Preexisting active mold infection
increased the risk for complications after stem cell transplantation.
In summary infections and non-infectious inflammation are common in
patients with CGD on conventional treatment, their growth is significant-
ly impaired. Stem cell transplantation, if successful, significantly reduces
the risk for infections and non-infectious inflammation. However, treat-
ment related mortality of stem cell transplantation in patients with CGD
remains considerable.
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Introduction: Development of a diverse T cell repertoire is essential for full
immune recovery following definitive treatment for severe combined immu-
nodeficiency (SCID),whether by allogeneic hematopoietic cell transplantation
(HCT); autologous gene therapy (GT); or, in the case of adenosine deaminase
deficiency, enzyme replacement therapy (ERT). However, the time course and
depth of diversity of T cell receptor rearrangements have been difficult to
measure directly, necessitating estimates from total and naïve T cell counts
and from spectratyping, in which Tcell receptor (TCR) beta chain diversity is
estimated by the length distributions of cDNA amplicons between a series of
TCRbeta chain variable (V-beta) segments that have productively recombined
with the TCR beta-chain constant region. Analysis of the actual sequences of
rearranged TCRs could indicate more precisely the status of the T cell com-
partment of these patients, and might reveal oligoclonal expansion of dysreg-
ulated T cells, T cell insufficiency, or T cell exhaustion.
Objectives: We wished to ascertain whether deep sequencing of individ-
ual TCR V-beta rearrangements in peripheral blood could be performed
sequentially following diagnosis and treatment of SCID to differentiate
satisfactory immune reconstitution from incomplete or skewed repertoire
development that might require further cellular therapies.
Methods: Equal amounts of total RNAwere obtained from peripheral blood
of controls and SCID patients pre-HCTand at 100 d, 6 and 12mo, and yearly
post-treatment(s). cDNAwas used as template to semi-quantitatively amplify
rearrangements at the TCR-beta locus (TRB). Raw sequences were filtered to
remove PCR errors, and resulting FASTQ files were converted into FASTA
format (Seqtk software, GitHub, Inc), filtered for productive rearrangement,
and analyzed for V, D, and J gene composition and length (IMGT HighV-
QUEST software). The VDJ statistics file (PAST program) was used to
calculate a Shannon entropy (H) index to measure repertoire diversity, taking
into account both abundance and richness of the overall repertoire; and a
Gini-Simpson index of unevenness, measuring inequality in the relative rep-
resentation of species in a given sample. Graphical representations of reper-
toire diversity were generated by hierarchical tree maps of the TRB reper-
toires (iRepertoire software): each dot represents a unique sequence and the
dot size corresponds to frequency of that sequence in the total sample.
Results: TCRV-beta sequence analysis of 3 SCID patients (Image) showed
(top) baseline poor diversity due to pre-treatment ADA deficiency followed
by improvement to normal complexity (Shannon H >7.0) after receiving
PEG-ADA and autologous lentivirus gene therapy at age 3 m; (middle)
increasing diversity in XSCID after maternal T-depleted unconditioned
HCT, although B cells did not recover; and (bottom) failure of initial uncon-
ditionedmaternal T-depleted HCT in another XSCID patient at 12m, follow-
ed by autologous lentivirus gene therapy with subsequent improvement
(Shannon H increasing from 3.8 to 6) 12 months later.
Conclusions: TCRV-beta diversity sequence analysis provided a detailed
assessment of repertoire diversity in response to cellular therapies for
SCID. This method could become a useful predictive tool to measure
successful T cell immune reconstitution, both as early as 100 d and in
the years following treatment.
Funding: JMP, MJC and DBK were supported by NIAID, and ORDR
(NCATS), NIH: U54-AI082973; DBK was supported by NIAID U01-
AI100801; and RC, HLM, ODM, and LDN were supported by the
Division of Intramural research, NIAID, NIH.
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Background: The STIM1 (stromal interaction molecule 1) protein,
encoded by the STIM1 gene, is involved in calcium regulation in the
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endoplasmic and sarcoplasmic reticulum. Pathogenic variants in this gene
are associated with three different disorders.
Homozygous loss-of-function (LOF) pathogenic variants in STIM1 have
been reported to cause autoimmune cytopenias, lymphoproliferation,
enamel defects, anhydrosis, and iris hypoplasia. The first described cases
had frequent mortality in early childhood due to recurrent life-threatening
infections and development of Kaposi sarcoma (1), while recently dis-
covered cases have had more prolonged survival, though still with recur-
rent serious infections (2).
Heterozygous gain-of-function (GOF) pathogenic variants in STIM1
have been associated with both tubular aggregate myopathy (TAM) and
Stormorken syndrome. TAM is a clinically heterogeneous progressive
muscle disorder with a variable age of onset. Muscle biopsy characteris-
tically demonstrates tubular aggregates, with type II muscle fiber atrophy
(3). Stormorken syndrome has a phenotype that includes miosis, throm-
bocytopenia, intellectual disability, mild hypocalcemia, muscle fatigue,
asplenia, and ichthyosis (4). The thrombocytopenia has not been reported
to be immune-mediated; rather it is due to abnormal platelet calcium
regulation (5).
We report a patient with STIM1 pathogenic variant presenting with TAM
and immune-mediated thrombocytopenia, along with lymphoprolifera-
tive features, arthritis, and a mild immune deficiency.
Case: The patient is a 16-year-old with a history of congenital thrombo-
cytopenia (platelets ranging 60,000-100,000) who presented with acute
arthritis of bilateral hand joints after exposure to cold temperatures, which
resolved with naproxen. He had back pain without muscle weakness, and
preceding sore throat and general fatigue. Labs were significant for leu-
kocytosis and elevations in his inflammatorymarkers and creatine kinase.
MRI of his lower extremities was negative for inflammatorymyositis, but
did demonstrate bilateral hip and knee effusions, and significant inguinal
lymphadenopathy and hyperintense linear signal changes in the mid- and
distal femurs with patchy redmarrow signal. Abdominal ultrasound could
not identify a definite spleen. Bone marrow biopsy was negative for
malignancy but significant for toxic granulation of neutrophils, evident
of inflammation. Alpha-beta double negative T cells were not elevated.
Interferon-gamma was mildly elevated. Flow cytometry demonstrated
normal T, B, and NK cell absolute counts. Circulating antibodies against
platelets (both IgG and IgA) were detected. On lymphocyte antigen and
mitogen proliferation testing, he did not exhibit any proliferation when
stimulated with tetanus toxoid even though he had been fully vaccinated
against tetanus. Muscle biopsy demonstrated large vacuoles consistent
with TAM on both light and electron microscopies. Invitaes Primary
Immunodeficiency Panel identified a pathogenic variant in STIM1
(c.910C>T; p.Arg304Trp), consistent with a diagnosis of autosomal dom-
inant STIM1-related conditions, including Stormorken syndrome (6).
Conclusion: This patient expands the phenotypic spectrum of STIM1
related disease. Based on previous evidence, GOF pathogenic variants
in STIM1 are associated with TAM and Stormorken syndrome, while
LOF pathogenic variants in STIM1 are associated with immune deficien-
cy. However, our patient with a STIM1 GOF pathogenic variant has
features of lymphoproliferation and immune dysregulation in addition
to TAM. STIM1 GOF pathogenic variants should be considered in the
differential of patients with immune thrombocytopenia and
lymphoproliferation.
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Introduction / Background: CARD11 is critical for protein binding up-
stream of NF-kB (nuclear factor kappa B) and mTORC1 (mammalian
target of rapamycin complex 1) the signaling pathway involved in T-cell
activation and inflammatory response. Prior testing of CARD11 muta-
tions demonstrated variable T-cell dysfunction. In vitro studies have dem-
onstrated reduced interferon gamma cytokine production, interference of
T-cell receptor (TCR) signaling, and Th2 phenotype skew in T-cells with
CARD11 defects. While homozygous mutation causes severe combined
immunodeficiency deficiency, heterozygous CARD11 defect is associat-
ed with atopy by way of inappropriate Th2 skewing. Heterozygote atopy
is characterized by eosinophilia, elevated IgE, and severe dermatitis.
Despite multiple studies demonstrating in vivo consequences of
CARD11 on T-cell function, little is known of the clinical significance.
Moreover, few studies have demonstrated the impact of CARD11 muta-
tions on B-cell maturation and development, despite the recognized TCR
and interleukin 2 signaling deficits.
Objectives: This case demonstrates a CARD11 defect that evolved from
atopy to combined immunodeficiency requiring intravenous immuno-
globulin therapy. It highlights the poorly understood effect of CARD11
mutation on T-cell function, and the downstream impact on B-cell quality.
Methods: 53-year-old male, with past medical history of T-cell lymphoma
and no evidence of disease status post autologous stem cell transplant,
was found to have CARD11 E57D missense mutation by genetic testing.
Consistent with previous literature regarding heterozygous CARD11 de-
fects, the patient suffered from frequent asthma exacerbations,
aeroallergen sensitivity, and eczema. Lab work was consistently positive
for elevated IgE and eosinophilia. Family history was positive for a son
born with congenital molluscum, and multiple other children with recur-
rent infections. One child was also identified with CARD11 mutation.
The patient had flow cytometry demonstrating 4% of circulating cells
with atypical immunophenotyped CD3+ T-cells, and positive gene rear-
rangement studies. His qualitative immunoglobulin levels were signifi-
cant for consistently low IgM, but normal quantity IgG. In the patients
adulthood, he had recurrent bronchitis and pneumonia requiring hospital-
ization and intravenous antibiotics. Given his recurrent infections, the
patient underwent immunodeficiency evaluation. Despite previous infec-
tion with herpes zoster, the patient did not have protective titers.
Additionally, the patient had received the pneumococcal conjugate
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vaccine once, and the pneumococcal polysaccharide vaccine four times.
The most recent vaccination was one year prior to evaluation. Despite
repeated vaccinations, titers were unprotective. Consequently, the patient
was diagnosed with combined immunodeficiency, and initiated on intra-
venous immunoglobulin therapy.
Results: In summary, CARD11 defect is a cause of atopy, observed to
become less severe with age. Studies of CARD11 heterozygote mutations
have demonstrated in vitro deficiencies in T-cell activation, likely second-
ary to skewed or decreased inflammatory cytokine production and TCR
activation. Our patient demonstrates that the variable T-cell dysfunction
seen in vitro can have significant clinical implications evidenced by his
inadequate vaccine response, and recurrent infections. His combined im-
munodeficiency poses a connection between CARD11 defects and, not
only T-cell, but also B-cell function.
Conclusions: Further studies are needed to determine deficits in T-cell and
B-cell function in the setting of CARD11 defect, as this case suggests the
clinical implications span further than atopy.
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Genetic variants in the scaffold gene CARD11 cause disorders of the
immune system. The clinical course and treatment depends on wheth-
er the CARD11 variant causes gain- or loss-of-function. However,
lymphocyte immunophenotyping and proliferation assays in cells ex-
pressing CARD11 variants don't easily distinguish between gain- and
loss-of-function. To address this challenge in variant interpretation,
we used multiplexed genome editing in a lymphoma B cell line
(TMD8) to generate cell populations expressing all possible single-
nucleotide variants in the N-terminal 140 amino acids of CARD11.
To assess function in each variant, we tracked its relative abundance
over multiple conditions using DNA sequencing. Since CARD11 is
required for survival of TMD8 lymphoma B-cells, cells expressing
clinically identified gain-of-function variants grew faster relative to
cells expressing other variants, even in the presence of upstream
pathway inhibitors. Upon evaluation of the relative abundance of
each variant in genomic DNA and mRNA, we found that clinically
identified loss-of-function variants were depleted in mRNA, which
could be attributed to alterations in splicing or to nonsense-
mediated decay. To address the impact of splicing, we modeled a
newly-identified splice donor mutation (c.358+1G>A) found in two
patients from one family diagnosed with combined immune deficien-
cy, autoimmunity and atopy that was also observed in our screen.
We show that the variant causes deletion of exon four and that
CARD11 missing exon four exerts a dominant-negative effect leading

to decreased NF-kB signaling and cell growth. These experiments
demonstrate the utility of multiplexed functional assays for determin-
ing variant effect in clinically-relevant genes, which will improve
diagnosis and treatment in patients.
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Background: The recombination-activating genes (RAG) 1 and 2
play a critical role in the development of T and B cell by initi-
ating the V(D) J recombination process that controls expression of
T receptor and immunoglobulin genes and their broad repertoire.
Mutations in the RAG1 and RAG2 genes in humans cause a wide
spectrum of phenotypes, ranging from severe combined immuno-
deficiency (SCID) with lack of T and B cells to Omenn syndrome
(OS), atypical SCID (AS) and combined immunodeficiency with
granulomas and/or autoimmunity (CID-G/AI). Here, we sought to
investigate the molecular basis for phenotypic diversity presented
in patients with various RAG1 mutations.
Methods: We have recently described a novel flow-cytometry-
based assay in which mouse Rag1-/- pro-B cells containing an
inverted GFP cassette flanked by recombination signal sequences
(RSS) are transduced with a retroviral vector expressing either
wild-type or mutant human RAG1 (hRAG1). The green fluores-
cent protein expression directly relates to the activity of RAG
proteins, representing a quick and powerful tool to correlate be-
tween defective activity of hRAG1 mutant and severity of the
clinical phenotype. The genetic variants of hRAG1 analyzed in
this study were affecting the various domains of the protein:
RING, zinc finger RING type domain (amino acids 168-283);
NBR (amino acids 387-461); HBR (amino acids 531-763) and
the core domain (amino acids 385-1011). Using this sensitive
assay, we tested the recombination activity of 27 human RAG1
variants that have been reported in patients.
Results: We have demonstrated correlation between the recombi-
nation activity of the mutants and the in vivo clinical phenotype
of patients. In particular, similarly low levels of recombination
activity were observed in patients with SCID and OS, whereas
patients with AS and especially those with CID-G/AI carried mu-
tations that retained significant residual levels of activity.
Conclusions: These data provide a framework to better understand the
phenotypic heterogeneity of RAG deficiency.
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Background: Burkholderia cepacia is a catalase positive organism that
leads to opportunistic infections typically associated with the underlying
conditions cystic fibrosis and chronic granulomatous disease (CGD).
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Here we report a case of a child with B. cepacia lymphadenitis, ultimately
diagnosed with Takayasu arteritis. Takayasu arteritis is a large vessel
vasculitis which may have a nonspecific clinical presentation in child-
hood possibly leading to difficulty in diagnosis.
Case: A 16-month-old female presented with two weeks of fever, respi-
ratory distress, and lymphadenopathy, and was treated with IVIG for
presumed atypical Kawasaki disease. Imaging studies performed due to
worsening respiratory distress revealed retropharyngeal abscess with bi-
lateral cervical lymphadenopathy, culture-positive for Prevotella oralis
and melaninogenica, with improvement following incision and drainage
and antibiotic therapy. Recurrence of fever and respiratory distress
prompted CT imaging of her neck significant for worsening lymphade-
nopathy. Cultures from lymph node biopsy grew B. cepacia. Following
treatment, she was readmitted with respiratory distress requiring chronic
steroid treatment and found to have Candida albicans on bronchoalveloar
lavage and necrotizing granulomatous inflammation on lung biopsy.
An immunologic evaluation was notable for two normal DHR assays.
CGD genetic panel was negative for pathogenic variants in CYBB
(p91), NCF1 (p47), CYBA (p22), NCF2 (p67). Testing was also notably
negative for HIV PCR, Bartonella PCR, Cryptococcal antigen,
Histoplasma antigen, BAL AFB stain and mycobacterial cultures, CMV
PCR, EBV PCR, ANCA, serial blood cultures, and sweat test.
Lymphocyte subsets were normal for age. Mitogen stimulation test,
myeloperoxidase antibody IgG, serine protease3 IgG, C4 level, LAD
panel, and cytokine panel were normal. Autoimmune lymphoprolifera-
tive disorders (ALPS) panel was negative. Whole exome sequencing
demonstrated heterozygous mutations in CFI and JAK3, not considered
to be clinically relevant given the patients clinical picture and laboratory
evaluation. The patient was then lost to follow-up for over a year.
At the age of 3 years, the patient presented with fever and back pain.
Imaging revealed severe large vessel vasculitis involving the aorta and
subclavian, vertebral, mesenteric, and renal arteries. She also had evidence
of cardio-embolic strokes on brain MRI. She had had no significant
interval infections, and her immunologic evaluation remained
unrevealing. In the context of her new vasculitis, evaluation for
deficiency of ADA2 (DADA2) was negative. She was ultimately
diagnosed with Takayasu arteritis and has begun therapy with
systemic corticosteroids, aspirin, and etanercept.
Conclusions: We describe a case of B. cepacia infection in a child without
identified immunodeficiency, ultimately diagnosed with a large vessel
vasculitis. The presence of B. cepacia infection warrants a thorough in-
vestigation. Burkholderia has been previously associated with giant cell
arteritis, another type of large vessel vasculitis, though causation has not
been established. To our knowledge B. cepacia infection has not been
associated with Takayasu arteritis.
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Plasma Metabolomic Signatures in Patients with Chronic Granulomatous
Disease

Christopher Santaralas, Valentine Jadoul, Jacqueline Squire, John
Cannon, Jessica Trotter, Susan Aja, Neil Goldenberg, David Graham,
Jennifer Leiding
Background: Chronic granulomatous disease (CGD) is a primary phago-
cytic immunodeficiency secondary tomutations in any of the components
of NADPH oxidase. In addition to infection susceptibility, patients with
CGD can develop auto-inflammatory disease that is difficult to manage.
Metabolomics is the systematic study of small molecule biomarkers of the
clinical phenotype of disease. We sought to investigate plasma metabolic
profiles in CGD as we hypothesized that unique signatures may differen-
tiate patients with CGD.
Methods: Plasma collected from 15 subjects with CGD (9 X-linked, 4
p47phox-deficient, 2 p22phox-deficient) and 2 X-linked CGD carriers
was analyzed using a targeted multiplex assay by liquid chromatography
mass spectrometry (LC-MS) and simultaneously a profiling assay by
LCMS. Sufficient signal was present for 34 metabolites. X-linked CGD
and p47phox-deficient groups were sufficiently sized for multivariate and
univariate analyses in MetaboAnalyst. Twelve patients had a single time
point of plasma metabolomics analysis and three had multiple time
points, including one in whomboth pre- and post-hematopoetic cell trans-
plantation time points were assessed. Post-hoc comparisons were also
performed for those with, versus without, clinical comorbidities of auto-
inflammation.
Results: Plasma from patients with X-linked and p47phox deficient CGD
had a differential metabolomic signature at baseline. Many metabolites as
measured by ion intensity were present at high levels, particularly homo-
cysteine, kyneurine, tryptophan, citric acid, carnitine, methionine, and
adenosine. Increased values of metabolites reduced to that of normal
(compared to post HCT). Homocysteine levels were elevated among
patients with (mean 1.5x105), versus without (mean 6.8x104), clinical
comorbidities of auto-inflammation (i.e., colitis, lupus). Baseline samples
showed elevated kynurenine among all CGD patients, relative to historical
normal controls (unmatched, separate analysis). Patients with colitis had
elevated citric acid levels that were higher among patients with (mean
2.1x106), versus without (mean 4.5x105), colitis irrespective of genotype.
Conclusions: Preliminary data with a small patient subset suggest that
patients with CGD have metabolomic signature distinguishable by phe-
notype. Citric acid cycle metabolites are elevated in Crohns disease and
ulcerative colitis. Based on our data, citric acidmay too act as a biomarker
for inflammatory bowel disease in CGD. Analyzing a larger number of
samples, across time points, will likely describe a metabolomics profile
for CGD and identify biomarkers for auto-inflammation in CGD.
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Background: Congenital disorder of glycosylation type IIb (CDG-IIb,
CDG-MOGS) is caused by genetic deficiency of mannosyl-
oligosaccharide glucosidase (MOGS, also known as -glucosidase I) the first
enzyme in the N-linked glycosylation trimming pathway. This rare primary
immunodeficiency presents with dysmorphisms, severe neurological
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complications, hypogammaglobulinemia and a unique characteristic of de-
creased susceptibility to enveloped viral infections. Objective: to investigate
the role of impaired host N-linked glycosylation on viral susceptibility to
Ebola virus. Methods: To mimic the condition observed on CDG-IIb pa-
t ients , we tes ted in vi t ro three proprie tary iminosugars
(EmergentBioSolutions©), UV4B, UV001, and UV00128, which act as
competitive inhibitors of -glucosidase I and II. Their ability to inhibit the
trimming of N-glycans was compared to known N-glycans modifiers as
castanospermine, tunicamycin, as well as the bacterial enzyme peptide-N-
glycosidase F (PNGase-F). Ebola virus envelope protein GP1 was chosen
as a prototype glycoprotein, as it is heavily glycosylated with 15 N-
glycosylation sites. HEK 293T cells were seeded at 1x10^5 cells/well in
12 well plate. After 18h, cells were transfected with pFlag-Ebolavirus GP1
by coupling with Effectene®. After 24h, cells were treated with the inhib-
itors and harvested 24h after treatment. Trimming of N-glycans was eval-
uated via molecular weight assessment by western-blot. Results: All three
inhibitors had comparable effectiveness in inhibiting trimming of N-
glycans from Ebola GP1 glycoprotein compared to castanospermine. A
greater molecular weight shift was seen with tunicamycin and PNGase F
as expected. Conclusions: Chemical inhibition of the N-linked glycosyla-
tion pathway was successfully achieved using three newMOGS inhibitors.
This approach merits further investigation on potential applications on an-
tiviral therapies.
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STAT1 GOF mutations are associated with infections, autoimmu-
nity and inflammatory manifestations; the rosacea is one of the
manifestations described in this disease, however, the etiology
rosacea is not clearly established. The characteristics of rosacea
are not described in STAT GOF in the different clinical series. We
describe the different characteristics of rosacea in a family with 8
affected members with STAT1 GOF.
A family with eight members with STAT1 GOFmutation were diagnosed
through a first affected member affected with tuberculosis and
onychomycosis. Seven members more had a clinical history of mycobac-
terial, viral and fungus infections and autoimmunity disease, in all the
seven, was documented the same mutation STAT1GOF. In six of these
adults patients, we documented rosacea, it started after adolescence, it
was localized in the face and/or eyes, was progressive and not ameliorated
with medical treatment and caused nose deformity.
Rosacea has been described previously as a unique manifestation, and the
etiology is not clear, an autoimmune hypothesis has been proposed. The
fact that is present in patients with STAT1 GOF could suggest that have
effectively an autoimmune component. Physicians face the patients with
rosacea must look for other manifestation presents in STAT1 GOF muta-
tions. Genetic studies in rosacea patients could evidence an new gene
defect.
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Introduction: Homozygous mutations causing loss of function of the tran-
scription factor Forkhead-box N1 (FOXN1) underlie autosomal recessive
severe combined immunodeficiency with congenital alopecia and nail
dystrophy (nude SCID). Affected humans, like the scid mouse, have
small or absent thymus, absent or severely diminished T cells, alopecia,
and nail dystrophy. Infants with nude SCID have had neonatal lympho-
penia and severe, life-threatening infections. Studies of heterozygous car-
riers of FOXN1mutations are limited, some having been reported with no
phenotype or mild disease manifestations, such as nail dystrophy without
lymphopenia or recurrent infections.
Objective: We describe six infants, including two brothers, with T-cell
lymphopenia (TCL) following abnormal California newborn screens
(NBS) for SCID. Each had a single heterozygous variant in FOXN1.
Case Reports: Six infants (3 female, 3 male) were referred for evaluation
after abnormal California NBS for SCID (Table 1), with T-cell receptor
excision circle (TREC) counts from undetectable to 12 (normal >18). All
infants were well at the time of initial evaluation. Five infants with abso-
lute CD3 Tcell counts >400 cells/uL andCD4 Tcell counts >250 cells/uL
began evaluation as outpatients on home isolation. Patient 5, with unde-
tectable TRECs, CD3 T cell count 78, and CD4 T cell count 65 was
urgently admitted for inpatient evaluation and management and immedi-
ately started on antimicrobial prophylaxis. Patient 5 further evaluation
was significant for lymphocyte proliferation to mitogens that was initially
normal but waned with time, prompting treatment with a paternal
haploidentical hematopoietic cell transplant at 6 months of age. Patients
3 and 5 developed neutropenia within 6 weeks of birth treated with gran-
ulocyte colony stimulating factor (GCSF). Patient 3 remains well on
GCSF but has had persistent growth failure under continued evaluation.
Patients 1, 2, 4 and 6 remain stable off antimicrobial prophylaxis, but with
persistent moderate TCL.
As part of an immune evaluation, Patients 1 and 3-6 had gene panel
testing revealing heterozygous variants in FOXN1. Only the variant of
Patient 1 (presumed shared by Patient 2, his brother) was predicted to be
pathogenic; Patient 1 had dystrophic nails and sparse hair most evident
after 2 years of age, features shared by his mother and his brother, Patient
2. The other patients lack the clinical features of the previously described
phenotype of nude SCID. Their heterozygous FOXN1 variants are of
unknown significance; the functional role of these variants in the patients
clinical phenotype is unknown.
Conclusion: Six infants with abnormal NBS for SCID had lymphopenia
and heterozygous variants in FOXN1. For these infants, variation exists
in level of TCL and presence of hair and nail findings. Heterozygous
variants of unknown significance in FOXN1 have been uncovered in
others, including infants with abnormal NBS for SCID, highlighting the
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need for functional studies to address the possible role of each heterozy-
gous FOXN1 variant in congenital lymphopenia and neutropenia. More
work is needed before attributing TCL to a novel FOXN1 variant of

unknown significance in the absence of family history, abnormal hair or
nails, or functional evidence.

Patient 1 (M) Patient 2 (M) Patient 3 (F) Patient 4 (F) Patient 5 (F) Patient 6 (M)

Variants Found FOXN1 c. 1445_
1449delinsCCA;
p.R482PfsX46

Brother of Patient 1
with presumed
FOXN1 mutation.

FOXN1 c.79C>T;
p.L27F

Another gene being
investigated (VUS)

FOXN1
c.950A>C;

p.N317T.
Additional
single
VUS in LYST,
STX11, and
TMC8,
TREX1.

FOXN1
c.965A>G;

p.N322S
Additional
single
VUS in
DOCK8,
IL10RA.

FOXN1 c.1315delC;
p. L439CfsX11

DCLRE1C c.
536G>A; p.R179Q

FOXN1 variant
prediction

Pathogenic Under genetic
evaluation

VUS VUS VUS

Parental Carrier
of FOXN1
(current age)

Mother, presumed
due to phenotype

Father (35) Unknown carrier Unknown carrier Mother (29)

Family History
and Phenotype

Maternal thyroiditis;
sparse hair,
absent
eyebrows and
brittle, tented
nails. Multiple
maternal relatives
and brother with
similar features.

Autoimmune
hyperthyroidism.
Normal adult
WBC, ANC, and
T cells at evaluation.

No significant medical
history in mother;
paternal history is
unknown and
unavailable.

No significant
medical history
in mother or
father.

Maternal
unverified
frequent
childhood
infections and
low blood
counts; normal
adult WBC,
ANC, and
T cells.

Ancestry Hispanic (Mexican) Asian (Chinese) Asian (Southeast
Asian)

Caucasian Hispanic
(Mexican)

Patient Clinical
Phenotype

Lymphopenia;
sparse,
brittle hair,
toenail
dystrophy

Lymphopenia Lymphopenia,
neutropenia
responsive to
GCSF,
growth failure,
abnormal
facies, delayed
speech

Lymphopenia Lymphopenia,
asymptomatic
transaminitis

Lymphopenia,
neutropenia
responsive to
GCSF

NBS TRECs
(normal >18
copies/uL)

1 9 Undetectable 10 12 Undetectable

CBC (at referral)

WBC (K/uL) 5.2 5.2 5.3 7.9 4.0 6.9

ANC (cells/uL) 2200 1700 2279 3100 1200 2600

ALC (cells/uL) 1200 2000 1500 2400 2100 1300

Lymphocyte Subsets (at referral)

CD3 432 759 600 1224 1007 78

CD3+CD4+ 276 506 330 792 782 65

CD3+CD8+ 158 239 256 408 203 <20

CD19+ 276 308 75 600 727 364

CD56+ 336 730 690 432 362 741

CD4+45+RA 47 341 33 198 551 <20

CD4+45+RO <20 170 38 208 246 43

CD8+45+RA 117 234 156 65 191 <20

CD8+45+RO <20 7 18 <20 <20 <20

Immunoglobulins (at referral)

IgG 747 740 710 907 516 1360

IgA <7 <7 <7 9 8 <7

IgM 23 26 64 72 45 41

Lymphocyte
proliferation to
PHA

Normal Normal Normal Normal Normal Normal, then
diminished by
1.5 months of age

Spectratyping Not done Not done Acceptable TCR
Vb diversity
for age

Not done Not done Abnormal,
restricted pattern
of TCRVb diversity
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Rationale: Ataxia telangiectasia is a disorder with variable phenotypes
characterized by cerebellar degeneration, immunodeficiency, chromo-
somal instability, radiosensitivity, and cancer predisposition which may
correspond to the degree of ATM protein expression and/or radiosensi-
tivity. We used in vitro cytometric assessment of ATM, SMC1 and H2AX
phosphorylation to assess DNA damage in response to radiation and
found that two siblings with the same copy number gain in ATM have
variable clinical neurologic and immunologic phenotypes.
Methods: Chart review and radiosensitivity assays using cytometric
assessment of pATM, pSMC1, and H2AX expression after irradiation
with 2Gy.
Results: Patient A is a 6 month old male identified after having low
TRECs on newborn screening, then found to have lymphopenia and
elevated IgM. He has diffuse café au lait macules and no neurologic
symptoms. His 9 year old sister, Patient B, was being followed by neu-
rology for several years for ataxia. She has selective IgA deficiency,
normal lymphocyte counts, lymphocyte proliferative responses,
gammaglobulins, and vaccine specific antibodies. Both patients have a
4 copy number gains in ATM (exons 48-61). Mother and father both have
3 copy number gains in ATM and are healthy without neurologic symp-
toms or recurrent infections. Both Patient A and B have normal ATM
protein expression. Phosphorylated ATM, SMC1, and H2AX was
assessed in lymphocyte subsets (T, B, and NK cells) after low-dose irra-
diation to induce DNA double-stranded breaks (DSBs). These parameters
were assessed at 1 hour post-irradiation when they are expected to be
maximal and at 24 hour post-irradiation, when under conditions of normal
and effective DNA repair, the phosphorylation state returns to baseline.
Patient A had abnormal pATM and pSMC1 but normal H2AX expression
1 hour and 24 hours after irradiation of T, B, and NK cells. Patient B had
normal pATM, pSMC1, and H2AX expression in T cells but abnormal
pATM and pSMC1 expression in B and NK cells 1 hour after irradiation.
Patient B, however, had abnormal ATM phosphorylation at 24 hours after
irradiation of T, B, and NK cells.

Conclusions: Our results indicate that a unique copy number gain in ATM
within a family can correspond to different clinical and immunologic
phenotypes as well as variable degree of radiosensitivity. The persistence
of H2AX at 24 hours post-irradiation and impaired phosphorylation of
ATM and SMC1 at 1 hour post-irradiation demonstrates defects in DNA
DSB repair, and this is variably altered in different lymphocyte subsets.
Correlation between ATM phosphorylation in lymphocytes with out-
comes may be an area for future studies and particularly important in
counseling patients regarding outcomes.
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Background and aims: Chronic granulomatous disease (CGD) is charac-
terized by recurrent infections and inflammatory dysregulation, especially
in the gut. Almost 50% of patients with CGD have CGD-associated
inflammatory bowel disease (CGD-IBD), yet its pathophysiology

(continued)

Thymus shadow Unknown Unknown Normal Unknown Unknown Diminished
Infections Urinary tract

infection, otitis
media

None Thrush, treated with
oral fluconazole only

None None None pre HCT*

Treatment Home isolation,
no prophylaxis

Home isolation,
no prophylaxis

Home isolation and
fungal prophylaxis
until ~12 mo;
remains on PCP
prophylaxis, GCSF

Home isolation,
no prophylaxis

Home isolation,
no prophylaxis

Hospital isolation.
GCSF, paternal
haploidentical HCT

Outcome Alive at 36 months
with no major
infections

Alive at 7 months
with no major
infections

Alive at 18 months
with no major
infections

Alive at 16
months
with no major
infections

Alive at 10
months
with no major
infections

Alive >12 months post
HCT; delayed T-cell
reconstitution,
AIHA**

Most recent ALC 1200 cells/uL 2080 cells/uL 1020 cells/uL 5060 cells/uL 2300 cells/uL On
immunosuppression
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remains poorly understood. We characterized the intestinal microbiome
and metabolome in patients with CGD to determine if intestinal
microbiome and metabolomic signatures could distinguish subpopula-
tions of patients with CGD while using the metabolome to add a
functional dimension to observed microbiome signatures.
Methods: Clinical metadata and fecal samples were collected cross-
sectionally from healthy volunteers (HV; n=16) and patients with CGD
(n=77). Metabolomic profiling and 16S rRNA (V4) sequencing was per-
formed on fecal samples (total samples: 108; reads/sample: 15,254 to
191,415; median: 60,816).
Results: Samples from patients with CGD had distinct intestinal
microbiome signatures and metabolomic profiles depending on
genotype, presence of CGD-IBD and specific interventions (e.g.
treatment with an elemental diet). Notably, samples from patients
with active CGD-IBD (compared to samples from patients without
a history of CGD-IBD) had significantly different alpha- and beta-
diversities, and were enriched for Enterococcus spp. (8.5 vs.
1.5%), Serratia spp. (8.6 vs. 3.9%) and Raoultella spp. (6.1 vs.
0.6%), while being depleted of Bacteroides spp. (9.3 vs. 23.6%).
Metabolomic profiles from CGD patient samples pointed toward
an aberrant metabolism of toxic ammonia waste by the intestinal
microbiota compared to HV. Interestingly, use of an elemental diet
to treat a patient with CGD-IBD induced long-term changes in the
alpha- and beta-diversities of the patients intestinal microbiota,
stabilized the intestinal metabolome, and allowed his microbial
and metabolic profiles to resemble those of patients without
CGD-IBD.
Conclusions: Intestinal microbiome and metabolomic signatures can dis-
tinguish subpopulations of patients CGD based on genotype, presence of
intestinal inflammation and certain treatment interventions.
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Signal Transducer and Activator of Transcription 1 Gain of Function
(STAT1-GOF) is a primary immunodeysregulatory disease in which a
subset of patients have features of autoimmunity and autoinflammation.
Enteropathy with growth failure and nutrient wasting is a more common
feature of immunodysregulation. Ruxolitinib is a Janus kinase-STAT in-
hibitor that has been shown effective for the treatment of
immunodysregulatory features in STAT1-GOF.
Our patient is a 13 year old male with STAT1-GOF (c.983A>G
p.H328R) with severe total parenteral dependent enteropathy that
led to growth failure (weight 28.5kg). Treatment with ruxolitinib led
to resolution of diarrhea, return of normal diet, and catch up growth. A
dose of 12.5mg twice daily was initially started but was decreased to
12.5mg every morning and 10 mg every evening due to elevated
transaminases and thrombocytopenia. Over the following year the
patient thrived gaining 7.5kg with normal every other day stools.
Despite weight gain, he remained stable on the same dose of
ruxolitinib. As he outgrew his dose, he developed an increased fre-
quency of upper respiratory infections (Parainfluenza, Coronavirus,
Rhinovirus). One year after initiation of ruxolitinib, he again devel-
oped profuse watery diarrhea that was Norovirus positive (weight

36kg, BSA 0.9). He was placed on bowel rest and ruxolitinib was
dose escalated with a goal of 15mg/m2/day. When he reached 15mg
twice daily, enteropathy completely resolved but liver function tests
began to rise. He gained weight and began thriving after 2 weeks of
therapy. Six months later, enteropathy is controlled, and transami-
nases have remained elevated (ALT 88 IU/L, AST 73 IU/ml) but
stable.
The appropriate dose and pharmacokinetics for ruxolitinib for the treat-
ment of immunodysregulatory symptoms in pediatric patients has not
been thoroughly studied. The dose used was extrapolated from data on
the use of ruxolitinib in pediatric myelofibrosis. A dose of 15mg/m2/day
appears to provide the most benefit with tolerable adverse effects. This
dose should be maintained in order to prevent recurrence of disease re-
lated manifestations.
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Antibodies have been implicated in both protection and pathology
of dengue virus infections. However, much of this data is gathered
from serum/plasma responses that is a cumulative of historical and
ongoing infection. To precisely understand the role of antibodies
with respect to the ongoing dengue virus infection, we employed
the cutting edge approach of generating of human monoclonal an-
tibodies from individual plasmablasts from peripheral blood of
dengue patients that allows us to probe for answers at a single cell
level.
This method involves ex vivo single cell sorting of plasmablasts
from peripheral blood of well-characterized dengue infected pa-
tient followed by single cell molecular cloning of immunoglobulin
heavy- and light- variable regions into expression vectors contain-
ing the defined constant region followed by transient co-
transfection of HEK 293A cells with the heavy and light chain
expression vectors made from genes arising from the same cell.
Thus far, using this powerful technology, for the first time in India, we
have made 140 number of human monoclonals, of which 80 are specific
to dengue and 14 neutralize dengue virus at various concentrations. All
the neutralizing antibodies are dengue-envelope specific and bind the
highly conserved fusion loop of the dengue virus envelope.
Together, with the ongoing comprehensive analysis of the B cell
repertoire and somatic hypermutations, these studies provide a
detailed understanding of the dengue-specific plasmablast cell re-
sponse at a single cell level and create a platform for testing these
antibodies for basic research, diagnostic, prophylatic and as well
as therapeutic applications.
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Introduction: RAS guanyl-releasing protein 1 (RASGRP1) is a
guanine-exchange factor that phosphorylates RAS-GDP to RAS-
GTP, activating Ras and therefore is integral to lymphocyte develop-
ment. RASGRP1 deficiency was described in 2016 in patients with a
combined immunodeficiency and predisposition to EBV-driven lym-
phoproliferative disease. In addition to our patient, nine other patients
with deleterious RASGRP1 mutations have been described. Patients
had recurrent bacterial and viral infections, autoimmunity, and malig-
nancy. There are however no published reports providing details of the
successful treatment of EBV lymphoproliferative disease followed by
allogeneic hematopoietic cell transplant of RASGRP1 deficiency.
Here, we describe a five-year-old male with compound heterozygous
mutations who presented with recurrent sinopulmonary infections and
EBV-driven lymphoproliferative disease. He was treated with chemo-
therapy followed by allogenic matched unrelated bone marrow trans-
plant (BMT).
Methods: Retrospective chart and laboratory review.
Results: A two-year-old male was referred to Seattle Childrens
Immunology clinic for recurrent otitis media and pneumonia. Initial
laboratory evaluation showed elevated IgG (2290 mg/dL), normal
CD19 B-cell count, elevated immature/transitional B cells, and nor-
mal antibody responses to tetanus, diphtheria, Hib, Pneumovax, and
varicella vaccines. However, the T-cell compartment was markedly
abnormal with CD4 T-cell lymphopenia (361/mm3), elevated CD8
T-cells (2074/mm3), elevated T-cells (43%), and absent proliferation
to mitogens (PHA and anti-CD3) and antigen (tetanus). He was diag-
nosed with a combined immunodeficiency and was initiated on pro-
phylactic TMP/SMX and azithromycin. Whole exome sequencing
identified compound heterozygous mutations in RASGRP1 with a
canonical splice donor mutation on one allele (c.1428+1G>A) and a
nonsense mutation (c.1780C>T) on the other.
At 3 ½, he developed urinary outlet obstruction and was found to
have two large pelvic masses, pulmonary nodules, and diffuse
lymphadenopathy. Cervical lymph node and retroperitoneal mass bi-
opsies demonstrated a clonal EBV-driven B cell lymphoproliferative
disease with bone marrow and CSF involvement. He was successful-
ly treated with four cycles of prednisone, cyclophosphamide, and
rituximab. He also received intrathecal methotrexate twice, which
was transitioned to rituximab due to CSF EBV persistence for four
treatments, three that followed transplant. EBV PCRs following che-
motherapy demonstrated clearance.
Once in remission, the patient underwent conditioning with busul-
fan and cyclophosphamide and received a HLA-matched unrelated
bone marrow graft. He developed grade IIB hyperacute skin
GVHD on day +8 with 100% BSA and grade IIA gut GVHD.

He was treated with extracorporeal photopheresis and prednisone.
Peripheral blood donor chimerisms on day +80 showed full donor
engraftment with CD3 98% donor, CD33 100% donor, and CD56
100% donor. CD19 chimerism was not performed, but bone mar-
row biopsy revealed 100% donor chimerism. Treatment for
GVHD was successful with resolution of symptoms. The patient
is now 11 months post-transplant and continues to do well.
Conclusions: Like 6/9 of the previously reported RASGRP1 defi-
cient patients, our patient developed profound T cell deficiency
complicated by EBV-driven lymphoproliferative disease. Only
one other patient has been reported to have survived allogeneic
transplant but there are no details about the transplant regimen
used. BMT appears to correct the underlying immune defects as-
sociated with RASGRP1 deficiency and susceptibility to EBV-
driven lymphoproliferation.
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Intro/Background: Heterozygous gain-of-function mutations in the
k i n a s e doma i n o f P IK3CD , t h e g en e en cod i n g t h e
phosphatidylinositol-3-OH kinase (PI3K) catalytic subunit p110,
is an autosomal dominant immune deficiency clinically character-
ized by recurrent sinopulmonary infections, lymphoproliferation,
autoimmune cytopenias, hepatosplenomegaly, EBV and/or CMV
viremia, EBV associated lymphoma, and nodular lymphoid muco-
sal hyperplasia of the gut and respiratory tracts.
Objectives: To present data on PI3K patients who have undergone sedat-
ed bronchoscopic procedures that have been complicated by laryngeal
spasms related to airway nodular hyperplasia.
Methods: Review of clinical and procedural data of 30 PI3K patients,
aged 5- 68 years old who have airway nodular hyperplasia at the
National Institutes of Health.
Results: Three patients experienced laryngospasm and one experi-
enced pneumomediastinum up to 24 hours post bronchoscopy
procedure which required methylprednisolone for airway inflam-
mation management.
Conclusions: Gain-of-Function PI3K mutations lead to immune
deficiency clinically characterized by nodular lymphoid mucosal
hyperplasia, which may predispose to airway compromise when
procedures involving the airway are performed. Recognizing and
preventing complications leading to laryngeal spasm is vital for
patient safety. Prophylactic steroids and/or epinephrine pre-
procedure may serve to prevent airway compromise in this pop-
ulation.
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Background: X-linked lymphoproliferative disease type 1 (XLP-1)
is a rare immune defect characterized by fulminant Epstein-Barr
virus (EBV) hemophagocytic lymphohistiocytosis, lymphoma,
dysgammaglobulinemia, aplastic anemia, and vasculi tis .
Allogeneic HSCT is the only curative option for XLP-1. Due to
the underlying predisposition for EBV infection, rituximab has
been used pre and post-HSCT (for EBV reactivation and immune
cytopenia) in this disorder. We have observed a high incidence of
poor B-cell immune reconstitution post-HSCT needing long-term
immunoglobulin (Ig) replacement in this disorder. The biology of
persistent post-rituximab hypogammaglobulinemia despite complete do-
nor chimerism, the absence of GVHD and discontinuation of immuno-
suppression is poorly understood. Herein, we report T and B-cell immune
profile in patients who are Ig dependent post-HSCT for XLP-1.
Additionally, we explored the ability of patients B-cells to undergo
class-switching and plasmablast differentiation in-vitro.
Results: 17 XLP-1 patients underwent HSCT at two institutions. At a me-
dian follow up of 1406 days (785-2517 days post-HSCT) 13 were

surviving. Six of the 13 (46.2%) surviving patients remain dependent on
Ig replacement despite robust donor chimerism of 99-100% and no active
GVHD. All but two received rituximab pre-HSCT. Of the patients who are
independent of Ig replacement, only one (14.2%) received rituximab post-
HSCT, whereas 5/6 of the Ig dependent patients received rituximab post-
HSCT. T cell immune profiling revealed that the absolute numbers of lym-
phocyte subsets, CD4+ naïve T cells, and CD4+ recent thymic emigrants
were not statistically different between Ig independent and dependent pa-
tients (Figure 1). However, there was a marked decrease in the number of
total B cells, the percentage of memory B cells (CD27+ B cells), and class-
switchedmemory B cells (CD27+ IgD- IgM- cells) in Ig dependent patients
(Figure 1). T follicular helper (Tfh) cell populations (CD4+CD45RA-
CXCR5+PD1+) were evaluated in four patients and the frequency was
similar to healthy controls (4.5+/-1.2 vs. 3.9+/-1.4%). The ability of the
patients naïve B cells to class-switch was assessed following exposure to
IL-21, anti-CD40 antibody, and anti-human IgM, and revealed normal B
cell class-switching and differentiation to plasmablasts (Figure 1).
Additionally, T cell ability to provide B cell help was assessed by co-
incubating naïve B cells with activated CD4+ T cells. This revealed com-
parable B cell class switching to that of healthy controls.
Conclusion: The high incidence of poor long-term functional B cell
reconstitution following allogeneic HSCT for XLP-1 could be related
to the use of rituximab in the post-HSCT setting rather than pre-HSCT.
Normal Tfh numbers and function, and ability of B-cells to class-switch
in-vitro suggest that persistent hypogammaglobulinemia is these pa-
tients is unlikely from a B or T-cell intrinsic defect. The possibility of
rituximab induced acquired lymph nodal stromal defect in these patients
is being explored. Further studies are needed to understand the biology
of persistent hypogammaglobulinemia in XLP-1. Additionally, due to
the high incidence of persistent hypogammaglobulinemia, exposure of
rituximab should be limited post-HSCT.
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Background: Tandem mass spectrometry (MS/MS) has emerged as a
primary platform for many clinical and newborn screening laboratories.
The application of MS/MS mainly focuses on the quantification of accu-
mulated small metabolites in plasma resulting from various metabolic
defects. However, many disorders do not yield such metabolic markers
and would benefit from the direct quantification of intracellular target
proteins. Unfortunately, the extremely low (e.g., pmol/L range) protein
concentrations in blood cells limit their detection via MS/MS. In recent
years, peptide immunoaffinity enrichment coupled to selected reaction
monitoring (immuno-SRM) has emerged as a promising technique for
the quantification of low abundance proteins in complexmatrices, includ-
ing dried blood spots (DBS). Our lab has demonstrated that immuno-
SRM methods are able to reliably distinguish affected patients from the
normal controls for Wilson disease (WD), Wiskott-Aldrich Syndrome
(WAS), severe combined immunodeficiency (SCID), and X-linked agam-
maglobulinemia (XLA) (J. Proteome Res., 2017 and Front. Immunol., in
press). These results demonstrate the utilization of immuno-SRM as a
sensitive platform for multiplexed quantification of signature peptides
in the low pmol/L range.
Methods: Several candidate peptides for each protein were selected based
on uniqueness using in Silico BLAST tools and LC-MS/MS response.
Monoclonal antibodies (mAbs) were then generated for peptide enrich-
ment from DBS. Blood from normal controls, WD, XLA, SCID, and
WAS patients was spotted onto filter paper, dried, and stored at -20 °C
until use. Proteins were extracted from DBS, digested with trypsin, and
enriched using mAbs bound to magnetic beads. The enriched peptides
were then eluted and analyzed using SRMmode with aWaters Xevo TQ-
XS.
Results/Conclusions: To date, immuno-SRMmethods have been generated
for WD, WAS, SCID, XLA, and Cystinosis. Preliminary data shows
immuno-SRM methods are able to reliably quantify target proteins using
signature peptides and accurately distinguish affected patients from normal
controls. Analysis of signature peptides found statistically significant reduc-
tion or absence of peptide levels in affected patients compared to control
groups in each case (WAS and BTK: p = 0.0001, SCID: p = 0.05). Intra and
inter-assay precision ranged from 11 - 22% and 11 - 43%, respectively, and
the multiplexed assay showed a broad linear range (1.39 2000 fmol pep-
tide). In a blinded sample set of 42 PIDD patients and 40 normal controls,
immuno-SRM-predicted diagnoses showed excellent agreement with clin-
ical or genetic diagnoses. Every molecularly-confirmed case of WAS and
BTK was also diagnosed by immuno-SRM analysis. In addition, 62 ran-
domly selected samples provided by the NBS laboratory of Washington
State were tested and peptide concentrations were found to be within nor-
mal ranges. Efforts are underway to validate and incorporate peptide bio-
markers for Adenosine Deaminase deficiency, DOCK8 deficiency, and
Ataxia Telangiectasia, as well as general markers for NK cells and platelets
into a single multiplexed assay. In addition, SCID, WAS and XLA samples
continue to be run while we focus on reducing assay costs, time, and
necessary sample input. Our data herein provides proof of concept for the

immuno-SRMworkflow to be extended to various other genetic diseases as
potential multiplexed newborn screening methods.
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Abstract
Background: The long-term effects of glucocorticoids (GCs) on the im-
mune system have been extensively studied in patients with different
underlying conditions (e.g, malignancies or autoimmune conditions), as
well as in healthy volunteers receiving short-term courses of these drugs.
Although these approaches provided highly relevant data, neither of them
answered the unbiased/bona-fide effect of long-term GCs use on the
immune system. Endogenous Cushing syndrome (ECS) may be caused
by pituitary or ectopic ACTH-producing adenomas, or by tumors or hy-
perplasia of the adrenal cortex. Patients with ECS present with different
GCsdependent manifestations, including those affecting the immune sys-
tem as neutrophilia and lymphopenia. When tumors are removed, most of
the effects of GCs tend to progressively regress.
Methods: Paired samples from 15 patients with ECS due to ACTH-pro-
ducing adenomas (age range 7-16y, 8 females) were studied before (ECS-
Pre) and 6-12 months after tumor removal (ECS-Post). Extended lym-
phocyte phenotypes and apoptosis in different cell subsets were evaluated
by flow cytometry. Cytokine production (ELISA) and responses, as well
as their effects on cell proliferation and viability, were evaluated using
Cell Trace Violet and Annexin-V staining.
Results: Among multiple immunophenotypic changes, ECS-Pre patients
showed significantly reduced naïve T cells and recent thymic emigrants
(RTE) as well as increased apoptosis in T cells when compared to them-
selves (ECS-Post) or age matched healthy controls. Moreover, significantly
increased exhausted CD8 T cells were observed in ECS-Pre patients.
Interestingly, ECS-Post patients showed full cellularity recovery of T cells
and RTE with increased proliferation and reduced apoptosis, in addition to
correction of most of the other changes evidenced. Significantly lower IL-
21 plasma levels were also detected in ECS-Pre when compared to
ECSPost patients. To determine the role of IL-21 in an ECS-resembling
condition, healthy control PBMCs were treated with GCs in-vitro and the
effect of IL-21 and other cytokines was tested. A significant reduction in
apoptosis was observed in the IL-21-treated cells that almost completely
countered the pro-apoptotic effects of GCs; IL-21 was also significantly
more efficient than IL-2, IL-7, IFN-alpha and IFN-gamma in rescuing cells
from apoptosis. IL-21-specific upregulation of BCL2 and BCL6 expression
was evidenced in these cells.
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Conclusions: Chronic use of high dose GCs is a relatively common med-
ical situation frequently associated with T cell lymphophenia and in-
creased susceptibility to opportunistic infections. By studying ECS-Pre
and ECS-Post patients we were able to describe the bona-fide effect of
GCs on the immune system in general, and T lymphocytes in particular.
Decreased lymphocyte/thymic output, as well as increased apoptotic T-
cell death underlies lymphopenia in ECS/chronic GCs-exposed patients.
Under such conditions, IL-21 was significantly decreased in plasma and
our in-vitro studies showed that IL-21 replenishment was able to increase
BCL2 (anti-apoptotic molecule) and BCL6 expression, and efficiently
counteract the apoptotic effects of GCs. Recombinant IL-21 has been
explored as a co-adjuvant treatment for multiple human cancers and
may offer a treatment option for lymphopenia and its complications in
patients with ECS/ chronic GCs exposure. Further studies are warranted
to evaluate this therapeutic option.
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Abstract
Clathrin-mediated endocytosis (CME) is the major endocytic pathway by
which eukaryotic cells internalize cell-surface cargo proteins and extra-
cellular molecules, thereby allowing for a broad range of biological pro-
cesses, including cell signaling, nutrient and growth factor uptake, and
cell fate and differentiation1. The FBAR domain only proteins 1 and 2
(FCHO1/FCHO2) are involved in the initiation of clathrin coat pit for-
mation. Whether FCHO1 and FCHO2 are functionally redundant or have
distinct functions is unclear. We report here the first cases of a severe
immunodeficiency due to a genetic defect affecting CME. By using
whole exome sequencing and genomic analysis of a targeted PID gene
panel, we have identified biallelic loss-of-function FCHO1 mutations in
five patients from unrelated families of Italian (P1), Turkish (P2, P3, and
P5) and Algerian (P4) origin with severe T cell lymphopenia manifesting
as recurrent and severe infections of bacterial, mycobacterial, viral and
fungal origin. P3 developed EBV-associated diffuse large B cell lympho-
ma. Three patients (P3-P5) died in childhood, whereas P1 and P2 are alive
with full donor chimerism at 13 and 1.5 years after allogeneic hemato-
poietic stem cell transplantation, respectively and have cleared pre-trans-
plant infections. Patients P2, P3, and P4 carried homozygous frameshift
mutations predicted to cause premature termination. Western-blotting
analysis of HA- or FLAG-tagged FCHO1 constructs showed expression
of truncated products in P2 and P3, whereas no protein was detected in
P4, presumably due to mRNA decay. P1 and P5 carried homozygous
splice-site mutations at the invariant -1 and +1 positions, respectively,
leading to skipping of exon 6 in P1's FCHO1 cDNA. qPCR analysis
demonstrated differential expression of the FCHO1 and FCHO2 genes,
with the former being predominantly expressed in lymphoid cells, where-
as FCHO2 was more abundantly expressed in fibroblasts and K562 cells.
Analysis of T cell activation in P2 (the only patient for whom pre-trans-
plant PBMC were available) revealed reduced T cell proliferation. While
TCR internalization in response to CD3 cross-linking was normal (con-
sistent with recent evidence that TCR internalization occurs through a
clathrin-independent pathway), chase experiments demonstrated that
transferrin internalization was abolished in activated T cells from P2.
We had previously reported that a missense mutation in TFRC, encoding
transferrin receptor 1, impairs transferrin internalization and intracellular
iron delivery, causing a combined immunodeficiency with defective T
cell proliferation.
Our data identify the first form of severe immunodeficiency due to defects
of clathrin-mediated endocytosis, and provide additional evidence in sup-
port of the critical role played by iron cellular metabolism in T cell func-
tion and homeostasis.
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