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Abstract
Purpose WHIM (warts, hypogammaglobulinemia, infections, and myelokathexis) syndrome is a rare disease, caused by 
CXCR4 gene mutations, which incorporates features of combined immunodeficiency, congenital neutropenia, and a predis-
position to human papillomavirus infection. Established conventional treatment for WHIM syndrome does not fully prevent 
infectious complications in these patients. Only single case reports of hematopoietic stem cell transplantation (HSCT) effi-
cacy in WHIM have been published.
Methods To summarize current information on HSCT efficacy in disease treatment, seven pediatric patients with WHIM 
syndrome who underwent allogeneic HSCT were identified in five centers worldwide.
Results All patients presented early after birth with neutropenia. Two of seven patients exhibited severe disease complica-
tions: poorly controlled autoimmunity (arthritis and anemia) in one and progressive myelofibrosis with recurrent infections 
in the other. The remaining patients received HSCT to correct milder disease symptoms (recurrent respiratory infections, 
progressing thrombocytopenia) and/or to preclude severe disease course in older age. All seven patients engrafted but one 
developed graft rejection and died of infectious complications after third HSCT. Three other patients experienced severe 
viral infections after HSCT (including post-transplant lymphoproliferative disease in one) which completely resolved with 
therapy. At last follow-up (median 6.7 years), all six surviving patients were alive with full donor chimerism. One patient 1.4 
years after HSCT had moderate thrombocytopenia and delayed immune recovery; the others had adequate immune recovery 
and were free of prior disease symptoms.
Conclusion HSCT in WHIM syndrome corrects neutropenia and immunodeficiency, and leads to resolution of autoimmunity 
and recurrent infections, including warts.

Keywords WHIM syndrome · primary immunodeficiency · congenital neutropenia · human papillomavirus · warts · 
hematopoietic stem cell transplantation
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Introduction

Warts, hypogammaglobulinemia, infections, and mye-
lokathexis (WHIM) syndrome is a rare autosomal domi-
nant primary immunodeficiency (PID), caused by CXCR4 
gene mutations [1]. CXCR4 is a chemokine receptor 
expressed by hematopoietic stem and progenitor cells, 
mature leukocytes, and some non-hematopoietic cells [2]. 
CXCR4 gene gain of function mutations in WHIM syn-
drome lead to a phenotype of combined immunodeficiency 
and abundant mature apoptotic neutrophil accumulation 
in bone marrow, or myelokathexis, resulting in neutrope-
nia in peripheral blood [3]. Although the acronym WHIM 
is formed by classic disease symptoms, a recent review 
of WHIM syndrome patients by Heusinkveld et al. found 
myelokathexis to be the only pathognomic sign detectable 
in all patients [4]. Other clinical presentations vary and 
include bacterial upper and lower respiratory tract and skin 
infections, human papillomavirus (HPV) positive warts, as 
well as laboratory findings such as neutropenia, lympho-
penia, hypogammaglobulinemia, and thrombocytopenia. 
Despite the features of combined primary immunodefi-
ciency (PID), opportunistic infections other than HPV are 
not common in WHIM syndrome. Up to 18% of patients 
develop autoimmunity (Geier CB et al, submitted), and up 
to 30% develop lymphoid and HPV-related malignancies 
at an older age (19–65 years) [5, 6].

While hematopoietic stem cell transplantation (HSCT) 
is a well-established option to cure a variety of PID [7], 
only a few single case reports reporting a curative effect 
of HSCT in WHIM syndrome have been published so far 
[8–10].

The current study describes a multicenter HSCT experi-
ence in a series of patients with WHIM syndrome.

Patients and Methods

Seven pediatric patients with WHIM syndrome who 
underwent allogeneic HSCT were identified in five cent-
ers worldwide (Table 1) and retrospectively included in 
the current study. The details of disease presentation in 
P4 [11], HSCT information and outcomes of P3, P4, and 
P5 [8, 9, 12, 13] were previously published.

The main characteristics of the patients and details of 
disease presentation are shown in Table 1. All patients 
presented early after birth (median age of disease onset 
0.85 years) with neutropenia. Myelokathexis in bone mar-
row was later demonstrated in 6/7 (was not investigated 
in one). In the course of the disease, 5/7 patients devel-
oped thrombocytopenia and 3/7 anemia, presumed to be 

of immune origin in all but one. In P6, cytopenia (progres-
sive anemia, thrombocytopenia and the need of increas-
ing doses of granulocyte – colony stimulating factor 
(G-CSF)) was caused by bone marrow reticulin fibrosis. 
Five patients had lymphopenia with a substantial decrease 
of both CD3+ and CD19+ cells. Hypogammaglobulinemia 
was found in 6/7. Patients’ pre-HSCT blood counts, lym-
phocyte subsets, and immunoglobulins levels are shown 
in Table 2. Five patients experienced upper and/or lower 
respiratory tract infections that resolved without sequalae; 
three patients developed skin and intestinal infections. P6 
developed mild cutaneous warts at the age of three years; 
no HPV infection was observed in the other patients. P3 
had rheumatoid arthritis and Coombs-negative autoim-
mune hemolytic anemia.

Six of seven patients were treated with routine intra-
venous immunoglobulin (IVIG) replacement and 5/7 
received G-CSF therapy to correct neutropenia (Table 3); 
6/7 patients were on antimicrobial prophylaxis. The 
median age of IVIG and G-CSF initiation was 1.8 years. 
P3 received a combination of steroids (maximum dose of 
methylprednisolone 2 mg/kg/day) and cyclosporin A to 
control arthritis and autoimmune hemolytic anemia. While 
on immunosuppressive therapy, P3 developed cytomegalo-
virus (CMV) viremia and received ganciclovir until HSCT, 
and foscarnet in the post-HSCT period.

In all patients, the diagnosis of WHIM was confirmed 
by detection of CXCR4 gene mutations (Table 1). In P1 
and P2, CXCR4 gene mutations were found by custom-
panel sequencing performed using a next-generation 
sequencing method and subsequently confirmed by Sanger 
sequencing, while in P3, P4, P5, P6, and P7, only Sanger 
sequencing was used. All, but P7, mutations were pre-
viously investigated functionally; each of them results 
in a truncated receptor, which was described elsewhere. 
The mutation in P7 is predicted to result in the truncated 
protein.

Four patients had de novo mutations of the CXCR4 gene 
and in three patients, it was inherited from an affected parent. 
The disease course in affected parents varied: P6’s mother 
had only warts and recurrent pneumonia, while P1’s mother 
had debilitating frequent lower respiratory tract and soft tis-
sue infections with extensive warts. P7’s father had frequent 
lower respiratory tract infections, tuberculosis, and both P6 
and P7 parents required regular hospital admissions and/or 
surgical treatment. CXCR4 gene mutations were excluded in 
the family donors of P2 and P4 before HSCT.

For donor chimerism, real-time quantitative polymerase 
chain reaction (PCR) assessment of the insertion/deletion 
short tandem repeats or variable number tandem repeats 
polymorphisms was performed. The presence of more than 
95% donor-derived cells in peripheral blood was considered 
as full donor chimerism.
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Neutrophil engraftment was registered on the first of three 

consecutive days of an absolute neutrophil count above 0.5 
×  109/l, and platelet engraftment was registered on the first 
of three days of platelet counts more than 20 ×  109/l with-
out platelet transfusions for seven consecutive days. Loss of 
donor cells following established engraftment, proven by 
detection of more than 90% of recipient chimerism in the 
peripheral blood, was defined as graft failure.

For graft-versus-host disease prophylaxis, TCRαβ+/
CD19+ graft depletion was used in P1, P2, and P3. The 
depletion was performed via Miltenyi Biotec (Bergisch 
Gladbach, Germany) instructions.

Anti-Epstein-Barr virus (EBV) cytotoxic T-lymphocytes 
(CTL) used in P7 were generated and stored by the CTL 
bank held at the University of Aberdeen, UK, in association 
with the Scottish Blood Transfusion service, according to 
the described earlier methodology [14].

Results

In most of the patients, poor disease control (detailed in 
Table 3) served as indication for HSCT and other patients 
received HSCT preemptively to prevent the risk of malig-
nancies and to preclude the severe disease course observed 
in the affected parent. The median age at HSCT was 3.7 
years (range 1.4–9.3). All patients described received alloge-
neic HSCT using different approaches (the details of donors, 
graft source and composition, conditioning regimens, and 
post-transplant immunosuppression are shown in Table 3).

The median current follow-up post-HSCT in survivors 
is 6.7 years (1.4–12.8). All patients engrafted; the median 
of both neutrophil and platelet engraftment was day + 15 
(Table 3). At day +27, P1 developed graft rejection and 
in five months received a second HSCT from an alterna-
tive unrelated donor. Neutrophil and platelet engraftment 
occurred at day + 17 and + 16, respectively, which was 
followed by poor graft function and rejection at day + 72. 
After the second graft rejection, the patient remained neu-
tropenic and lymphopenic and developed poorly controlled 
multiple infections (adenovirus (ADV) viremia, roto-/noro-
viral, ADV enterocolitis, Clostridium difficile colitis). Due 
to the absence of alternative curative options, a third allo-
geneic HSCT from another unrelated donor was performed, 
followed by non-engraftment and death from disseminated 
ADV infection at day + 20. All second and third HSCT 
details are shown in Table 4.

P7 at one month post-HSCT developed grade II skin acute 
graft-versus-host disease (GVHD), which responded well 
to 1 mg/kg/day steroid therapy. Despite patient and donor 
being EBV negative pre-transplant, during the steroid taper-
ing, at day + 56, the patient developed EBV viremia with 
2,4 million EBV copies per ml of blood, accompanied by 
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ADV viremia which resolved after cidofovir therapy. EBV 
infection did not respond to rituximab treatment (375 mg/
m2 given once a week 4 times). At day + 95, while steroids 
and mycophenolate mofetil had ceased, and cyclosporin A 
was being weaned (lymphocyte count at the time 0.25–0.45 
×  109/l), repeated investigations showed liver lesions, exten-
sive mediastinal and mesenteric lymphadenopathy, and 
bowel wall thickening. A low level of EBV was detected in 
the cerebrospinal fluid, with no lesions found in the brain 
by magnetic resonance imaging. An abdominal mass biopsy 
revealed CD20+ EBV+ polymorphic post-transplant lym-
phoproliferative disease (PTLD) of predominantly recipi-
ent cell origin, despite full donor chimerism in the periph-
eral blood (PTLD morphology is shown in Picture 1). The 
patient received chemotherapy with cyclophosphamide, 
vincristine, and prednisolone. The treatment was compli-
cated by vancomycin-resistant Enterococcus bacteremia, 
which resolved upon antimicrobial treatment, and poste-
rior reversible encephalopathy. No response to 2 cycles of 
chemotherapy was seen, with persistent lymphadenopathy, 
liver lesions, and EBV viremia. Finally, a third-party donor 
anti-EBV specific CTL infusion was performed, which led 
to complete resolution of PTLD, confirmed by repeat blood 
EBV PCR, imaging of abdominal lymphadenopathy and 
liver lesions, and bone marrow aspirate.

No life-threatening post-HSCT complications were 
observed in the other patients. P6 had acute grade II skin 
GVHD, which resolved with steroid therapy. Later, she expe-
rienced transient ADV and human herpes virus-7 viremia, 
mild BK virus cystitis, and Corynebacterium bacteremia. 
Resolution of warts in P6 was observed by 4–6 months post-
HSCT with no additional therapy. About a year after HSCT, 
she developed several molluscum contagiosum lesions, 
which resolved with liquid nitrogen cryotherapy and an 
antiviral cream.

At day + 11, P3 developed reactivation of pre-existing 
CMV viremia, followed by BK virus cystitis. Despite CMV 
viremia resolution and immunosuppression cessation, after 
discontinuation of antiviral therapy, at day + 71, CMV 
viremia recurred and at day + 88, a retinal inflammatory 
focus was found. Both CMV viremia and retinitis of pre-
sumed CMV etiology resolved on antiviral therapy. Except 
for P6 and P7, no other patients had grade II-IV acute or 
chronic GVHD.

In the early post-HSCT period, despite full donor chimer-
ism, P2 remained thrombocytopenic with maximum level of 
platelets 90 ×  109/l. At 4.5 months post-HSCT, romiplostim 
therapy was initiated with good, but short-term response. At 
9 months post-HSCT, thrombocytopenia responded well to 
treatment with several courses of high dose IVIG. However, 
at last follow-up, 1.4 years after HSCT, the patient still has 
moderate thrombocytopenia and delayed lymphocyte recov-
ery; however, he is free of infections and does not require Ta
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e 
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IVIG replacement. In the other patients, all baseline hema-
tologic and immune manifestations of WHIM syndrome 
resolved after HSCT.

All six surviving patients achieved full donor whole 
blood chimerism after HSCT. At last follow-up, all retained 
complete donor chimerism and were independent of immu-
noglobulin replacement. All but P2 had adequate immune 
recovery and were free of any symptoms of prior disease. 
Patients’ post-HSCT blood counts, lymphocyte subsets, and 
immunoglobulin levels are shown in Table 2. P3 had growth 
delay, P4 immune hypothyroidism and hypogonadism 
requiring hormonal replacement therapy. No long-term com-
plications in the other patients were observed. In P4 cervical 
investigation, performed at long-term post HSCT follow-up, 
revealed no pathologic findings.

Discussion

WHIM syndrome is a rare congenital disease, which incor-
porates features of combined immunodeficiency, congeni-
tal neutropenia, and predisposition to HPV infection [15]. 
Conservative therapy with immunoglobulin replacement, 
G-CSF, and more recently plerixafor does not provide com-
plete control of infectious and autoimmune episodes in 
WHIM patients [4], (Geier CB et al, submitted) and cannot 
prevent malignancies [5]. HSCT is a well-established treat-
ment option for many PIDs. As case series of WHIM syn-
drome are scarce, there are no agreed indications for HSCT 
specifically determined for this disorder. We retrospectively 

collected the data of seven pediatric patients with WHIM 
syndrome, who received HSCT for a variety of reasons and 
with diverse approaches used.

Of seven reported patients, one died of infectious com-
plications following two graft rejections. Graft failure is 
relatively common after HSCT in congenital neutropenia 
[16]. P1 in our study developed graft rejection, despite a 
myeloablative conditioning regimen [17]. However, most of 
the patients in the group received reduced intensity condi-
tioning regimens and did not experience severe graft dys-
function, although a potential role of TCRαβ+/ CD19+ graft 
depletion used in P1 must be also considered in graft rejec-
tion [12]. Moreover, P1 developed rejection after the second 
and third HSCT with more immunosuppressive conditioning 
regimens, also containing plerixafor. Plerixafor was shown 
to partially correct neutropenia and lymphopenia in WHIM 
syndrome [18, 19] and to facilitate stem cell engraftment 
in some disorders [20, 21]. None of the measures improved 
the second HSCT outcomes in P1. To evaluate the impact of 
conditioning regimen type and T-cell elimination methods 
on graft function in WHIM patients after HSCT, a larger 
group of patients needs to be studied.

The incidence of EBV-related lymphoid malignancies is 
increased in WHIM patients [22–24]. None of the patients in 
our study had malignancies pre-HSCT, which might be due 
to their young age at the time of HSCT. However, one patient 
developed EBV-driven polymorphic PTLD of recipient cell 
origin despite being EBV negative pre-HSCT. Four of seven 
patients in our study experienced significant viral infections 
post-HSCT, although in one, severe infections followed graft 

Picture 1  Histology of abdomi-
nal lymph node demonstrating 
EBV driven polymorphic post-
transplant lymphoproliferative 
disease in P7. A 10x H&E stain: 
demonstrates loss any nor-
mal lymph node architecture. 
Lymphoid cells arranged in 
sheets throughout the sample. B 
60x H&E stain: many scattered 
immunoblast like cells (illus-
trated cells marked), with large 
nuclei and little cytoplasm. 
Areas of focal necrosis. C 20x 
CD20 immunostaining: staining 
demonstrates strong and diffuse 
CD20 positivity throughout the 
biopsy. D 20x EBER staining. 
EBV staining is strong and 
diffuse within lesion cell nuclei. 
No evidence of MYC or IGH 
rearrangement was found by 
fluorescent in situ hybridization
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rejection and in two others infection developed during sys-
temic steroid therapy for GVHD. PID patients, especially 
with combined immune defects, are known to have higher 
predisposition to some viral infections after HSCT [13, 25], 
so further investigation of these risks in WHIM patients 
is required. Of note, high risk of viral infections in these 
patients may also argue against more aggressive lymphode-
pletion, despite the existing risk of graft rejection, observed 
in one of the patients.

HSCT is known to correct congenital immune and neu-
trophil defects; however, it does not rescue some patients 
from a severe post-HSCT HPV infection course [26]. In 
light of the risks of HPV-related malignancies in WHIM 
syndrome, the ability of donor-derived immunity to con-
trol HPV infections is a crucial question for these patients. 
Moens et al. reported an exacerbation of HPV infection 
shortly after HSCT, which was treated with imiquimod and 
resolved completely 1.5 years post-HSCT [10]. In the cur-
rent study, the patient who exhibited warts before HSCT 
demonstrated complete resolution of warts at 4–6 months 
after HSCT. One patient experienced post-HSCT mild mol-
luscum contagiosum, but none of five surviving patients 
who had no warts pre-HSCT developed HPV infection after 
HSCT. Nevertheless, longer follow-up and larger series of 
patients are needed to estimate the risk of HPV infection and 
both HPV-related and non-related malignancies in WHIM 
syndrome after HSCT. Interestingly, although T cells play 
an important role in anti-HPV immunity [27], a WHIM 
patient in whom a chromothripsis event corrected defective 
myelopoiesis, but not lymphopoiesis, cleared HPV infection 
[28]. This suggests that myeloid cells might play a major role 
in HPV control in WHIM syndrome. Since all our patients 
had full donor chimerism at the last follow-up, the level of 
donor lymphocyte and myeloid lineage chimerism needed 
to control WHIM syndrome symptoms remains uncertain.

Interestingly, reticulin myelofibrosis observed in P6 
was earlier described only in older patients after long-term 
G-CSF treatment [10, 19]. Severe neutropenia in WHIM 
syndrome seems to cause less fatal infectious complications, 
observed in other severe congenital neutropenia, due to neu-
trophil mobilization from bone marrow to peripheral blood 
during bacterial infection episodes [5]. However, the risks of 
myelofibrosis on prolonged G-CSF therapy are of concern. 
Plerixafor therapy, allowing G-CSF cessation, was demon-
strated to ameliorate fibrotic changes in adult patients [19], 
although plerixafor so far is not widely available for pediat-
ric patients. Notably, P2 a year post-HSCT remains mildly 
thrombocytopenic and with delayed immune recovery. Due 
to good response to IVIG therapy, his thrombocytopenia was 
suspected to be of immune origin, although no bone marrow 
trephine investigation was performed pre- and post-HSCT to 
exclude myelofibrosis. Longer follow-up is needed to evalu-
ate platelet and lymphocyte counts in this patient.

Although HSCT in adult patients with longer history of 
infections and multiple comorbidities might lead to higher 
risks of post-HSCT complications, Moens et al. reported 
successful HSCT of an adult patient with WHIM syndrome 
with a history of refractory warts, recurrent herpes simplex 
virus infection, and myelofibrosis [10]. Due to improv-
ing results of HSCT in PID and better HSCT outcomes in 
younger patients without poorly controlled disease compli-
cations and associated disorders, the modern standard of PID 
care is to consider HSCT in patients at risk of life-threating 
complications before their development [7]. In our case 
series, only two of seven WHIM syndrome patients exhib-
ited severe disease complications: poorly controlled autoim-
munity and immunosuppression-related CMV infection in 
one and progressive myelofibrosis and recurrent infections 
in another. Other patients received HSCT to correct milder 
disease symptoms and/or to preclude severe disease course 
seen, either in parents or reported in the literature.

Based on our data, HSCT in WHIM syndrome patients 
cannot be considered as a completely safe treatment and 
risks of life-threating transplant-related complications and 
death still remain. However, no other treatment options capa-
ble of preventing an often devastating disease course are cur-
rently available for WHIM. Regular plerixafor therapy does 
not seem to completely resolve all disease complications 
[19], while our transplantation experience demonstrates 
complete resolution of the majority of disease symptoms. 
Although there is evidence of possible gene therapy efficacy 
in WHIM syndrome mouse models [29], so far, allogeneic 
HSCT remains the only curative option for WHIM syndrome 
patients. Therefore, based on our experience of HSCT and 
subsequent short-term follow-up, we believe that HSCT can 
be considered as a treatment option for WHIM syndrome, 
including pre-emptive indications in younger patients, before 
they develop autoimmunity and malignancies at an older 
age.

Conclusions

Allogeneic HSCT in WHIM syndrome corrects neutropenia 
and immunodeficiency, and leads to resolution of autoim-
munity and recurrent infections, including warts. However, 
taking in account potential risks of transplant-related mortal-
ity, before larger HSCT experience series with longer follow-
up will become available, the decision to perform a HSCT in 
WHIM syndrome patients must be made individually.
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