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Abstract

Background Congenital neutropenia is a rare disease. Recurrent infections since young age are the presentation.
The most common mutation causing severe congenital neutropenia (SCN) and cyclic neutropenia (CyN) is the ELANE
gene. The objectives of this study were to screen the three common genetic mutations of ELANE, HAXT and GFIT in
children with chronic neutropenia and to describe the clinical characteristics of children who had the mutations.

Methods Infants having ANC < 1,000/cu mm or children aged > 1 year having ANC < 1,500/cu mm at least 3 times in
3 months were enrolled in the study. Patients who had acquired neutropenia due to infection, immune deficiency, or
drugs were excluded. The ELANE gene was first studied; and if mutations were not identified, the HAXT and GFIT genes
were further examined.

Results A total of 60 patients were enrolled in the study. The median (range) age, ratio of female to male, ANC, and
last follow-up age were 9.2 (0.5-45.2) months, 1:1.2, 248 (0-1,101) /cu mm, and 19.9 (3.5-202.3) months, respectively.
Infections were noted in 67.3% of all patients. ELANE gene mutation was found in only four patients (6.7%), and the
rest (56 patients) showed no mutations in the HAXT and GFIT genes. In patients without mutations, 66.0% had normal
ANC during the follow-up, with a median (range) age for normal ANC of 19.8 (4.0-60.0) months. Two novel mutations
p. Ala79del (c.234_236del) and p. Val197GlufsTer18 (c.589_590insAGGCCGGC) were identified, and they respectively
cause SCN and CyN. Patients with the two novel mutations presented with several episodes of infection, including
pneumonia, sepsis, abscess, otitis media, and gum infection.

Conclusion The genetic screening for ELANE, HAX1, and GFI1 gene mutations in 60 patients with chronic neutropenia
could identify four patients (6.7%) with ELANE gene mutation and two novel mutations, p. Ala79del in exon 3 and p.
Val197GlufsTer18 in exon 4 causing SCN; and CyN, respectively.
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Introduction

Neutropenia is determined by the absolute neutrophil
count (ANC)<1,000/cu mm in the infant or <1,500/cu
mm in older children, which presents at least 3 times in
3 months. The etiologies of neutropenia are divided into
congenital and acquired neutropenia. Congenital neu-
tropenia is a rare disease with the prevalence of around
0.6-6/1,000,000 populations per year [1]. Congenital neu-
tropenia includes Kostmann neutropenia, severe congen-
ital neutropenia (SCN), cyclic neutropenia (CyN), and
Shwachman-Diamond syndrome; while acquired neutro-
penia is caused by infection, drugs, nutrition deficiencies,
and immune-related neutropenia [1]. Chronic idiopathic
neutropenia (CIN) could be diagnosed by exclusion of
other etiologies of neutropenia including autoimmune
neutropenia (AIN). The most common presentation of
neutropenia is a bacterial or fungal infection, especially
when ANC is <500/cu mm [2]. Laboratory diagnosis of
neutropenia includes antineutrophil antibody detection,
immunologic study, bone marrow aspiration (BMA), and
DNA analysis. As the antineutrophil antibody test’s sen-
sitivity and specificity were low (62.5% and 85%, respec-
tively), a genetic study is helpful in suspicious patients
with SCN or CyN [3].

A common genetic disorder of neutropenia is the
ELANE or ELA2, which encodes neutrophil elastase. The
gene is located on chromosome 19 (19p13.3) and consists
of 5 exons, totaling 218 amino acids [3, 4]. Mutations of
the ELANE gene are found in 40-50% of SCN, including
CyN. Other than the ELANE, the HAX1 gene, located on
chromosome 1, has been reported in patients with Kost-
mann syndrome, delayed development, seizure monocy-
tosis, and eosinophilia [5, 6]. Other rare genetic disorders
of neutropenia are GFI1, WAS, SDBS, and G6PC3 muta-
tions. They usually have different manifestations, such
as lymphopenia in GFII, microcytic thrombocytopenia
and immune deficiency in WAS, pancreatic insufficiency
in SDBS, urogenital malformation, cardiac disorder, and
myopathic syndrome in G6PC3 gene mutations [2]. The
objectives of this study were to screen the three common
genetic mutations of ELANE, HAX1 and GFII in children
with chronic neutropenia and to describe the clinical
characteristics of children who had genetic mutations.

Materials and methods

Populations

After receiving informed consent from the parent, chil-
dren under 15 years old having ANC<1,000/cu mm in
infants or <1,500/cu mm in children aged>1 year at least
3 times in 3 months were enrolled in the study. Patients
who had acquired neutropenia due to infection, immune
deficiency, or drugs were excluded. CyN was determined
by the decrease in ANC with a 21-day cycle of at least
2 cycles [7]. This research was approved by the Ethics
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Committee of the Faculty of Medicine Ramathibodi Hos-
pital (ID 02-56-44).

Data and blood collection

Demographic data, including age, gender, presenta-
tion, laboratory findings, treatment, and outcome, were
recorded. Three milliliters of blood were collected in
an EDTA tube and centrifuged at 3,000 rpm to obtain
a bufty coat. DNA was extracted by the standard tech-
nique. The ELANE gene was first studied due to the most
common defect in children with congenital neutropenia.
The sequencing study of HAX1 and GFII genes was fol-
lowed if the ELANE gene study was negative.

Analysis of ELANE, HAX1, and GFI1

ELANE and HAX1I genes were analyzed according to the
previously reported methods [4, 5]. For the GFII gene
located in chromosome 1 and having 7 exons, mutations
have been reported only in exon 7 [5]. Our laboratory
designed the primers as follows, 5 AGGCCTTAGACT-
GTGGTG 3 and 3 GGGTCTGGAAAGTCAGAAG 5!
The PCR was carried out in 25 mcL of 100 ng genomic
DNA, 10 pmol each primer, 0.2 mmol/L dNTPs, 5xGo-
Tag Flexi buffer (Premega), 1.5 mmol/L magnesium
chloride, and 0.5 U of GoTag Flexi DNA polymerase (Pre-
mega). The cycling profile consisted of the first step being
held at 95°C for 5 min, followed by 30 cycles at 95°C for
45 s, 55°C for 1 min, and 72°C for 1 min. The PCR prod-
ucts were then submitted for sequencing. The variants
were classified according to the ACMG classification cri-
teria (including PM1, PM2, PM4, and BP4) [8].

Results
A total of 60 patients were enrolled in the genetic study.
The median (range) age, ratio of female to male, ANC,
and last follow-up age were 9.2 (0.5-45.2) months, 1:1.2,
248 (0-1,101) /cu mm, and 19.9 (3.5-202.3) months,
respectively. Infections were noted in 67.3% of all
patients. ELANE gene mutation was found in only four
patients (6.7%), and the rest (56 patients) showed no
mutations in the HAXI and GFII genes. The median
(range) age at presentation of patients with ELANE gene
mutations [3.6 (1.5-23.0) months] was younger than
that of those without mutations [9.7 (0.5-45.2) months],
but no statistical difference was identified, P=0.22. In
patients without mutations, 66.0% had normal ANC
during the follow-up, with a median (range) age for nor-
mal ANC of 19.8 (4.0-60.0) months. The median time
(95%CI) of follow-up to normal ANC was 14.2 (7.9-20.5)
months.

Two of the four ELANE gene mutation patients, Patient
1 and Patient 2, had previously reported mutations p.
Gly85Arg (c. 253G >A) causing SCN and p. Vall01Met
(c. 301G>A) causing CyN, respectively. Patient 1 (with



Komvilaisak et al. BMC Pediatrics (2023) 23:592

p- Gly85Arg mutation) presented at the age of 1 month
with severe Pseudomonas aeruginosa pneumonia and an
ANC of 42/cu mm. He responded to a granulocyte col-
ony forming unit (GCSF) of 10 mcg/kg/day, developed
myelodysplastic syndrome at the age of 14 years old.
The cytogenetic and next generation sequencing study
revealed complex karyotypes of 46, XY, add(5)(q15)[13]/
46, idem, del(4)(q21)[1]/ 46, XY, add(5)(ql4)[21]/ 46,
XY, add(5)(q13)[3]/ 46, XY[2], and mutations of SETBP1
(c.2602G>A, p.D868N) and NRAS (c.34G>A, p.G12S)
genes with an allelic fraction of 47% and 44%, respec-
tively. The patient was well after 10/10 HLA matched
hematopoietic stem cell transplantation. Patient 2 (with
the p.Vall01Met mutation) presented at the age of 1.5
months with sepsis and a low ANC of 180/cu mm. There
were 21-day cycles of neutropenia observed before start-
ing the GCSE. He responded to the GCSF at the dose of
13 mcg/kg/day, with the ANC maintained in the range
of 500—1,000/cu mm. At the time of this report, he is 13
years old and doing well.

A novel mutation (p. Ala79del) in ELANE gene causing
severe congenital neutropenia

At the age of 21 days, Patient 3, presented with ompha-
litis. Her first complete blood count (CBC) showed
normal hemoglobin (11.5 g/dL) and white blood cell
(WBC) count (15,000/cu mm). However, the ANC
was low at 300/cu mm (PMN 2%, lymphocyte 91%,
monocyte 4%, and eosinophil 2%). She was treated and
improved with a 7-day course of cloxacillin and cefo-
taxime. GCSF was given during the infection at 5 mcg/
kg/day, and her ANCs were in the range of 480-1,190/ cu
mm. One month later, she developed a fever with gingi-
vitis and a seizure. Her meningeal sign was positive. The
CBC showed mild anemia (hematocrit 25%) with a low
ANC at 530/cu mm. BMA revealed maturation arrest at
the promyelocyte and an increment of megakaryocytes
with phagocytic activity. The cerebrospinal fluid exami-
nation showed a WBC of 3/cu mm and normal protein
and sugar levels. Blood culture revealed Pseudomonas
aeruginosa. She was then treated with a 3-week course
of cefotaxime and amikacin. The GCSF was restarted at
10 mcg/kg/day, and the ANC responded at 2,500/cu mm.
During the GSCF dose adjustment, she experienced three
episodes of pneumonia within nine months. Finally, the
patient had been on the GSCF at 5 mcg/kg/day. Her ANC
was 1,336/cu mm. The genetic study of the ELANE gene
revealed a novel mutation of c.234_236del, p. Ala79del,
exon 3 (Fig. 1; Table 1). This variant was classified as a
likely pathogenic variant according to the ACMG clas-
sification criteria, including PM1, PM2, PM4, PVS1, and
BP4. At present, the patient is 6.1 years old and doing
well without any infection.
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A novel mutation (p. Val197GlufsTer18) in ELANE gene
causing cyclic neutropenia

At the age of 1.9 years, Patient 4 presented with per-
sistent pneumonia in the left upper lobe and cervical
lymphadenopathy. She began to have several episodes
of fever from 5 months old to 1.9 years old, but the fever
resolved without visiting a hospital. CBC revealed ane-
mia (hemoglobin 7.5 g/dL), and normal WBC (7,380/cu
mm) and platelet counts. ANC was low at 150/cu mm
(PMN 2%, lymphocytes 80%, eosinophils 3%, monocytes
14%, basophils 1%). A lymph node biopsy showed reac-
tive hyperplasia. She was treated with a broad-spectrum
antibiotic and anti-tuberculous medication for one
year. During follow-up without GSCF, ANC fluctuated
between the normal and the lowest numbers at each
cycle (Fig. 1). Recurrent infections were documented
three times per year, including pneumonia, cellulitis,
abscesses, diarrhea, and otitis media. She received GCSF
(7 mcg/kg/day, 4 days per week) without infection. ANC
was between 200 and 1,000/cu mm. BMA demonstrated
normal cellularity with a maturation arrest at the promy-
elocyte. The genetic study of the ELANE gene revealed
¢.589_590insAGGCCGGC p.Val197GlufsTer18, exon 4.
This variant was classified as a pathogenic variant accord-
ing to the ACMG classification criteria, including PVSI,
PM2, and PS2. Both parents of the patient did not have
ELANE gene mutations (Fig. 1; Table 1). Presently, the
patient is 7.7 years old; and with GCSF increased to 5.7
mcg/kg/day, she is doing well and with no infection.

Discussion
Congenital neutropenia is a rare disease but should be
suspected in patients who have presented with recur-
rent infections and prolonged neutropenia since infancy
[1-3]. However, it is first necessary to rule out other
commonly acquired neutropenia, for example, infec-
tion, drug, and immune deficiency diseases. Patients nei-
ther have secondary causes nor genetic mutations; CIN
should be suspected. Furthermore, the positive anti-neu-
trophil antibody suggests the diagnosis of AIN. The com-
mon age of CIN and AIN was reported at 0.7, usually less
than 2 years old. The etiology of CIN was reported to be
due to impaired myeloid proliferation and/or maturation.
In this study, most of the patients were not tested for anti-
neutrophil antibodies due to the unavailability of the test.
Besides, antibody identification was difficult to perform
and might require several blood tests [9, 10]. The patients
without genetic mutation in this report were suspected of
having CIN or AIN; most of them (66%) recovered from
neutropenia with a median (range) age for normal ANC
of 19.8 (4.0-60.0) months, which corresponded to previ-
ously reported ages of around 3-5 years [11].

After screening of ELANE, HAXI, and GFII genes
in the enrolled patients, ELANE gene mutation was
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Fig. 1 Bone marrow aspiration and chromatogram of Patient 3 and Patient 4 and absolute neutrophil counts in Patient 4

identified in 6.7% of patients. The ELANE gene encodes
for neutrophil elastase, a myeloid cell-specific serine pro-
tease produced during the promyelocytic differentiation
of neutrophils. Pathogenicity is defined as an increase
in apoptosis in developing neutrophils caused by the
unfolded protein response [1-3]. Individuals having
mutations in the ELANE gene might exhibit SCN or CyN,
which is the most prevalent genetic mutation presented
in 50% of patients. Besides, the mutation is inherited in
an autosomal dominant manner. The synthetic inactive
form of ELANE protein consists of 267 amino acids and
contains signal peptide, pro-dipeptide, mature protease,
and C-terminal pro-peptide. After protein modification,
the active enzyme comprises only 218 amino acids [12].

The most often reported mutations were missense muta-
tions, which were followed by truncated, splice site, and
in-frame deletions [13].

While SCN and CyN can result from mutations in the
ELANE gene, descriptions of the disorders’ distinct fea-
tures have been made. The clinical phenotypes showed a
higher proportion of mouth ulcers and a lower propor-
tion of pneumonia in CyN when compared to the pheno-
types in SCN. In addition, patients with CyN required a
lower dose of GCSF than the SCN patients [7]. The muta-
tions in the ELANE gene can present as either SCN or
CyN. It was demonstrated that mutations causing SCN
or CyN were more widely distributed in all exons and
introns, but the distribution of mutations in CyN was
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Table 1 History and clinical characteristics of the four patients: Patients 1 and 2 were the previously reported mutations, Patients 3

and 4 were the novel mutations

Patient 1 Patient 2 Patient 3 Patient 4
Gender Male Male Female Female
Age at presentation 1 month 1.5 months 21 days 1.9 years

Infection Diarrhea, Pseudomonas aeru-

ginosa pneumonia, Candida

infection abscess
Initial ANC (/cu mm) 42 180

Clinical diagnosis Severe congenital neutropenia

Bone marrow examination  Maturation arrest at

Peritonitis, sepsis, pneu-
monia, skin, and liver

Cyclic neutropenia
Maturation arrest at

Pneumonia, cellulitis,
abscesses, diarrhea, and
otitis media

150
Cyclic neutropenia
Maturation arrest at

Umbilical cord infection, gum
infection, Pseudomonas aerugi-
nosa sepsis, pneumonia

300

Severe congenital neutropenia
Maturation arrest at

promyelocyte promyelocyte promyelocyte myelocyte
GCSF dosage (mcg/kg/day) 10 10 5 5.7
Other treatment Haploidentical stem cell None None None
transplantation
FU time (year) 15.7 13.1 6.1 8
Outcome Alive Alive Alive Alive
Genetic study ELANE c253G>A c301G>A €.234_236delCGC €.589_590insAGGCCGGC
(NM_001972.4) p.Gly85Arg, exon 3 p.Vall01Met, exon 3 p.Ala79del, exon 3 p.Val197GlufsTer18, exon 4
ACMG criteria Previously reported mutation  Previously reported Likely pathogenic variant Pathogenic variant
mutation (PM1, PM4, PM2, PVS1, BP4) (PVS1, PM2, PS2)
Parent(s) Mother: normal Mother and father: ND Mother and father: no
normal mutation

ACMG, American College of Medical Genetics and Genomics; ND, Not done

more frequently identified in exons 4 and 5 [7]. More-
over, a higher frequency of single-base pair and frame-
shift mutations was reported in SCN when compared to
CyN [7]. Nevertheless, the clinical phenotypes, types of
infection, and locations and types of genetic mutations
cannot be completely differentiated between the two dis-
eases [14].

While the known ELANE gene mutations were iden-
tified in Patient 1 and Patient 2, two novel mutations
were each identified in Patient 3 and Patient 4. Patient
3 revealed the clinical characteristic of SCN, whereas
Patient 4 revealed the clinical characteristic of CyN by
displaying the oscillating pattern of neutrophil counts.
Both patients had the same presentation with recurrent
pneumonia and several sites of infection, i.e.,, ompha-
litis in Patient 3 and cellulitis and abscess in Patient 4.
The most reported pathogen was Staphylococcus aureus,
followed by Escherichia coli and Pseudomonas aerugi-
nosa, respectively [15]. Pseudomonas aeruginosa was
the identified pathogen in Patient 3; and no pathogen
was identified in Patient 4. However, those abscess and
cellulitis were common for Staphylococcus aureus infec-
tion; whereas diarrhea in Patient 4 could be due to Esch-
erichia coli, a common pathogen in the gastrointestinal
tract. After starting GCSEF, the infections subsided. The
average doses of GCSF in Patient 3 and Patient 4 were
similar (5 mcg/kg/day and 5.7 mcg/kg/day, respectively),
although a lower dose of GCSF was reported in CyN [7].
The mutations of ¢.234_236del, p. Ala79del in exon 3 in
Patient 3 and ¢.589_590insAGGCCGGC, p. Val197Gluf-
sTerl8 in exon 4 in Patient 4 were identified. There was

a study reporting similar locations to our report but dif-
ferent type of mutations of Ala79fs and Val197fs and
showing characteristics of SCN [8]. Patient 4, who had
p. Val197GlufsTer18 mutation, showed a distinct phe-
notype of CyN. The ACMG classification demonstrated
likely pathogenic in Patient 3 and pathogenic in Patient 4
[8]. The pathogenesis of those mutations at exons 3 and 4
were predicted to disrupt the proposed transmembrane
domain and disulfide bond domain in the C-terminus,
respectively [4]. Without family histories of neutrope-
nia in Patient 3 and no ELANE mutations identified in
parents of Patient 4, sporadic mutations, commonly
reported in ELANE gene mutation [16], were suspected
in both patients.

Additionally, patients with ELANE mutations have
an increased risk for MDS/AML. The leukemic trans-
formation was reported by 20 years of age in 15-25%
of the patients [15] and the reported mutations were
p.Gly85Glu, p.Cys151Tyr, p.Gly214Arg, and frameshift
mutations [7]. The presence of clonal mutations in mono-
somy 7 and 21, trisomy, chromosomal deletion, CSF3R
mutations, and RUNXI mutations was demonstrated in
[17, 18]. Patient 1, presenting the p. Gly85Arg mutation,
developed MDS/AML at the age of 12.9 years. The clonal
mutations in this patient consisted of NRAS (p.G12S)
and SETBPI (p.D868N), instead of commonly reported
CSF3R or RUNXI gene mutations. Those NRAS and
SETBPI somatic mutations were demonstrated in MDS/
AML [19, 20]. Because of the high prevalence of MDS/
AML in SCN or CyN, especially when the age group
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approaches adolescence or young adulthood, patients
should be screened for somatic mutations of MDS/AML.

In summary, the genetic screening for ELANE, HAX1,
and GFII gene mutations in 60 patients with chronic neu-
tropenia could identify four patients (6.7%) with ELANE
gene mutation and two novel mutations, p. Ala79del in
exon 3 and p. Val197GlufsTer18 in exon 4 causing SCN;
and CyN, respectively.

Abbreviations
AIN Autoimmune neutropenia

ANC Absolute neutrophil count
AML Acute myeloid leukemia
BMA Bone marrow aspiration
CBC Complete blood count

CIN Chronic idiopathic neutropenia

CyN Cyclic neutropenia

GCSF  Granulocyte colony forming unit
MDS Myelodysplastic syndrome

SCN Severe congenital neutropenia
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