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Abstract Severe congenital neutropenia (SCN) is a rareE
primary immunodeficiency disorder characterized by early
onset recurrent infections in association with persistent
severe agranulocytosis. To identify the clinical, immunohe-
matological, and molecular characteristics of patients with
SCN, 18 Iranian patients with the mean age of 8.8+
5.8 years were investigated in this study. All of these
patients experienced severe neutropenia; the mean of
absolute neutrophil count was 281.4+137.7 cells/mm>.
Bone marrow findings were typified by a myeloid
maturation arrest at the promyelocyte-myelocyte stage in
these patients. Molecular analysis revealed different muta-
tions in the ELA-2 gene of one patient and in the HAX-/
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gene of another three patients. The most common present-
ing complaints in these patients were superficial abscesses,
oral ulcers, cutaneous infections, omphalitis, and pneumo-
nia. During the course of illness, all patients developed
mucocutaneous manifestations, and 16 cases had respirato-
ry infections. The most commonly manifestations were
abscesses, oral ulcers, pneumonia, periodontitis, otitis
media, cutaneous infections, mucocutaneous candidiasis,
and acute diarrhea. Three patients died because of a severe
infection. Although SCN is a rare disorder, early onset of
severe and recurrent infections should always raise a
suspicion, which deserves further evaluation for detecting
such disorder.
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Introduction

Severe congenital neutropenia [SCN; Online Mendelian
Inheritance in Man (OMIM) #202700] is a rare inherited
immunodeficiency disorder, characterized by persistent
severe neutropenia and early onset severe systemic bacterial
infections [1—4]. It was first described by Rolf Kostmann
[5, 6] in 1956 in intermarried Swedish family with severe
bacterial infections and severe neutropenia, which was
characterized by a maturation block in the myelopoiesis at
the promyelocytic/myelocytic stage. Although the first
report indicated an autosomal recessive mode of inheritance
in these patients, SCN is genetically heterogeneous, and
autosomal dominant and sporadic forms of the disease were
recognized later [1, 4, 7-9]. Several studies indicated
mutations of the gene encoding neutrophil elastase (ELA2)
as the underlying genetic defect in a number of cases with
autosomal dominant and sporadic form of SCN [1, 10, 11].
Recent molecular studies to identify the genetic defects of
autosomal recessive form of SCN revealed H4X] mutations
in these patients [12].

The SCN patients typically have persistent severe
neutropenia of less than 0.5x 10%/1, increased susceptibility
to recurrent severe bacterial infections from early infancy,

and early-stage (promyelocyte-myelocyte) maturation arrest
of myeloid differentiation in the bone marrow [1-4, §].

In the absence of appropriate treatment, affected children
suffer from early life threatening infections [2, 13, 14]. In
addition, most patients die because of these infections
despite antibiotic treatment [1]. Administration of recombi-
nant human granulocyte colony-stimulating factor (G-CSF)
could normalize neutrophil numbers in these patients to
improve the prognosis and their quality of life [13—15].

The present study reports the clinical and laboratory
findings of Iranian patients with SCN.

Materials and Methods

To determine the clinical and laboratory findings of Iranian
patients with SCN, the records of 18 patients, who had been
referred to the referral immunology and hematology depart-
ments in Iran, were reviewed (Table I). These data have
already been gathered by interviewing the patients and
reviewing their medical documents during a 20-year period
(1986-2000).

Neutropenia is defined as a significant reduction in the
absolute neutrophil count (ANC) of circulating neutrophils
in the blood, which is calculated by multiplying the total of
blood cell count by the percentage of neutrophils plus
bands noted in the differential cell count. The definition of
severe neutropenia was defined as less than 500/mm°. The

Table I Characteristics of Iranian Patients with Severe Congenital Neutropenia

Patient Sex Study age Status Consanguinity Onset age Diagnosis age Diagnosis lag Follow-up?®
(years) (months) (months) (months) (years)
Pl Female 22 Unavailable Yes 4 42 38 16
P2 Female 16 Unavailable No 1 84 83 6
P3 Female 16 Alive Yes 1 60 59 11
P4 Male 15 Alive Yes 6 120 114 5
P5 Male 14 Unavailable No 1 60 59 6
P6 Female 11° Dead Yes 9 18 9 11
P7 Male 10 Alive Yes 6 48 42 6
P8 Male 8 Alive No 1 18 17 7
P9 Female 8 Alive Yes 12 24 12 6
P10 Male 7 Alive No 6 30 24 5
P11 Female 6 Alive No 20 25 5 4
P12 Male 5 Alive Yes 1 13 12 4
P13 Male 5° Dead Yes 4 18 14 1
P14 Female 4 Alive No 6 14 8 3
P15 Female Alive Yes 1 18 17 3
P16 Male 3 Alive Yes 1 6 5 2
P17 Male 2° Dead No 2 5 3 2
P18 Male 2 Alive No 6 12 6 1

2The period of time that patients were under irregular G-CSF therapy
b Age at the time of death
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diagnosis of SCN is made by severe chronic neutropenia
with ANC continuously below 500/mm® and maturation
arrest of neutrophil precursors at the promyelocyte—
myelocyte level. Although all of our patients fulfilled
such criteria and had continuously ANC of less than 500/
mm®, the patients’ ANC at the time of diagnosis is shown
in Table II, when G-CSF therapy was not started for the
patients and in a time they have not any active infection.
The reference values of our hematological laboratory were
used to put cut-off values for other hematological abnor-
malities (Table II). Serum immunoglobulin levels (IgG,
IgM, and IgA) were measured by nephelometry, and the
results were compared with reference values for age of our
immunological laboratory (Table III).

After taking informed consent, 5 ml blood was taken
from eight patients for extraction of DNA and molecular
analysis. DNA was isolated from whole blood collected
with ethylene diaminetetraacetic acid (EDTA) as anticoag-
ulant, using a “Salting out” method. Subsequently, ELA2
(GenelD, 1991; protein accession, NP_001963.1; cDNA
accession, NM_001972.2), HAX1 (GenelD, 10456; protein
accession, NP_006109.2; cDNA accession, NM_006118.3)

genes and the gene encoding the granulocyte colony-
stimulating factor (G-CSF)-receptor (CSFR3) (GenelD:
1441; protein accession: NP_000751.1; cDNA accession:
NM_000760.2) were sequenced in these patients.

To determine the frequency and duration of infections,
review of the clinical history was performed. Data analysis
was performed using SPSS statistical software package,
version 11.0 (SPSS, Chicago, IL).

Results
Characteristics of Patients

Eighteen SCN patients (10 male and 8 female) with the
mean age of 8.8+5.8 years were reviewed in this study. The
first manifestation had occurred at a median age of 4
(range, 1-20) months. Fifteen cases experienced symptoms
by the age of 6 months, whereas only one patient did not
experience any symptoms until the age of 1 year (Table I).
The median age of patients at the time of diagnosis was
21 months (range, 5 months—10 years), with a median

Table II Hematological Results of Patients with Severe Congenital Neutropenia

Patient WBC* Neutrophil Lymphocyte Monocyte Eosinophil Platelet Hb* Hematological
(cells/mm?®) count” count® count” count” count® (g/d1) abnormalities®
(cells/mm®) (cells/mm®) (cells/mm?®) (cells/mm®) (cells/mm?)

P1 2,300 138 1,242 92 23 458,000 21.1 Leukopenia,
Thrombocytosis

P2 1,750 262.5 1,400 35 0 215,000 12.5 Leukopenia

P3 4,700 188 3,196 282 940 517,000 11.9 Lymphocytosis,
Eosinophilia,
Thrombocytosis,

P4 2,600 156 2,080 130 0 132,000 9.5 Leukopenia, Anemia

P5 3,600 72 2,520 108 612 350,000 9.2 Leukopenia,
Eosinophilia, Anemia

P6 6,200 434 3,534 1302 310 145,000 11.3 Monocytosis

P7 4,700 329 4,230 141 0 260,000 11.8 -

P8 7,750 155 7,053 78 0 426,000 7.6 Lymphocytosis,
Thrombocytosis, Anemia

P9 5,400 270 3,348 810 162 620,000 11.7 Thrombocytosis

P10 2,500 220 2,170 22 0 162,000 12.9 Leukopenia,

P11 3,000 150 2,640 90 210 313,000 13.2 Leukopenia

P12 4,200 252 2,982 630 126 678,000 10.5 Thrombocytosis

P13 3,500 175 2,800 175 105 173,000 8.9 Leukopenia, Anemia

P14 4,800 480 3,840 288 192 187,000 11.8 -

P15 5,500 440 4,125 330 165 156,000 12.1 -

P16 5,200 364 4,524 104 0 451,000 10.3 Thrombocytosis

P17 7,000 490 4,480 210 350 354,000 7.3 Anemia

P18 7,000 490 5,880 140 420 180,000 9.8 -

* At the time of diagnosis and before G-CSF therapy

® Reference values of hematological laboratory: white blood cells (WBC/mm? ), 4,000—11,000/mm? ; lymphocytes (cells/mm?> ): 1-5 years, 2,500—
8,500/mm3; 6-10 years, 2,000-6,000/mm> ; >11 years, 1,200-5,000/mm” ; monocytes (cells/mm3 ), 150-450/mm°> ; eosinophils (cells/mm3 ), 0—
450/mm’ ; plateletes (cells/mm? ), 145,000-360,000/mm? ; hemoglobin (Hb) (g/1): 1-5 years, 9-12.5; 6-10 years, 10-13.7; 11-16 years, 11.2-15

(male), 10-14.5 (female); 17-25 years, 10-15 (female)
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Table III Immunological and Molecular Results of Patients with Severe Congenital Neutropenia

Patient IgG* (mg/dl) IgM? (mg/dl) IgA® (mg/dl) Molecular defect

P1 1,830 90 76 Not done

P2 1,600 210 85 Not done

P3 1,800 400 450 No mutation in ELA2 /| HAXI
P4 1,920 80 124 Not done

P5 3,800 491 1031 Not done

Po6 1,250 92 79 Not done

P7 920 68 35 Not done

P8 960 132 35 ELA2 (V69L, V72L) [11]
P9 3,030 400 450 HAXI (R86X) [12]

P10 1,000 120 90 Not done

P11 1,469 156 189 HAX1 (W44X) [12]

P12 2,843 353 664 HAXI1 (W44X) [12]

P13 1,800 240 350 Not done

P14 1,700 88 31 No mutation in ELA2/HAX1
P15 950 110 85 No mutation in ELA2/HAX1
P16 1,150 120 60 Not done

P17 1,400 100 30 Not done

P18 1,200 270 35 No mutation in ELA2/HAXI

Reference values for IgG (mg/dl): 1-5 years, 345-1,236; 6-10 years, 608—1572; >10 years, 639-1349. Reference values for IgM (mg/dl): 2—
8 years, 43-207, 9—10 years, 52-242; >10 years, 56-352. Reference values for IgA (mg/dl): 2-5 years, 14-159; 6-10 years, 33-236; >10 years,

70-312.
* At the time of study. Increased immunoglobulins are in bold.

diagnosis delay of 15.5 months (range, 3 months—9.5 years).
Although half of the patients were diagnosed until the age
of 1.5 years, the diagnosis of two patients were made after
the age of 5 years (Table I). Statistical analysis of these data
was complicated by the fact that the diagnosis has
increasingly been made at an earlier age in more recent
years (r=-0.611, F=9.554, P value=0.007). A reverse
association was observed between years of birth and delay
of diagnosis (Fig. 1).

120

100

80

Delay of Diagnosis (months)

1985 1990 1995 2000 2005

Year of birth
Fig. 1 Association between year of birth and diagnosis lag.
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Consanguinity and Family History

Consanguineous marriage is defined as two partners have at
least one ancestor in common, with the ancestor being no
more distant than a great great grandparent. For descen-
dants who are of the same generation, a consanguineous
marriage would be between one person and a third cousin
or a closer relative. In ten families, parents were consan-
guine (55.6%) (Table I; Fig. 2). A history of recurrent
infections in siblings of the affected patients was found in
four families.

Presenting Features

The most common presenting feature of these SCN patients
was skin abscesses, which was seen in five patients. The
other presenting manifestations were oral ulcers (four
patients), cutaneous infections (three patients), omphalitis
(two patients), and pneumonia (two patients). Moreover,
one patient presented with otitis media and another one
with urinary tract infection.

Clinical Manifestations

During the course of disease, all patients developed muco-
cutaneous manifestations, and 16 cases had respiratory
infections. The most commonly manifestations were abscess-
es (16 cases), oral ulcers (13 cases), pneumonia (11 cases),
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Fig. 2 The pedigrees of three
patients with severe congenital
neutropenia. Open shapes rep-
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shapes represent affected
patients with syndrome, hatched
shapes represent patients with
recurrent infections without any
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specific diagnosis, and shapes
with slashes represent deceased
individuals. Boxes Males, circles
females).
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periodontitis (9 cases), otitis media (9 cases), cutaneous
infections (7 cases), mucocutaneous candidiasis (5 cases),
acute diarrhea (5 cases), urinary tract infection (3 cases), and
acute sinusitis (2 cases). Moreover, five patients had also
failure to thrive. In two patients, the course of the disease was
complicated by bronchiectasis because of recurrent pneumo-
nia. Abscesses have been detected as the most frequent
manifestations of patients, affecting different organs, includ-
ing cutaneous (ten cases), mastoidal (five cases), perianal
(three cases), sacral (three cases), dental (two cases),
submandibular (one case), and hepatic (one case). Nonspe-

@@ém [

O

cific findings as hepatomegaly and splenomegaly were seen
in four and six cases, respectively. In one third of the patients
(six cases), lymphadenopathy has been recorded in the course
of the disease.

Hematological Studies
All of these patients had severe chronic neutropenia during
their disease. Laboratory analyses revealed low ANC, with the

mean count of 281.4+137.7 cells/mm’ (range, 72-490/mm?°).
Total white blood cell (WBC) counts ranged from normal to
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markedly elevated numbers in patients with acute infections.
The median count of WBC at non-infections visits of the
patients was 4,700/mm’ (range, 1,750-7,750/mm’). Six
patients had thrombocytosis, five had anemia, and five had
leukopenia; moreover, two patients had Iymphocytosis, two
had eosinophilia, and one had monocytosis (Table II).

Immunological Studies

Laboratory analysis revealed an increased IgG serum level,
with median of 1,534.5 (range, 920-3,800) mg/dl. The
median serum levels for IgM and IgA was 126 (68—
491) mg/dl and 85 mg/dl (30-730 mg/dl), respectively. In
comparison of immunoglobulin levels of these patients with
normal age-matched population, 11 patients had higher
serum level of IgG (61.1%), whereas 6 patients had higher
serum level of IgM and 5 had higher serum level of IgA as
well (Table III).

Bone Marrow Studies

Bone marrow studies indicated a maturation arrest of
neutrophil precursors at an early stage; these findings were
typified by a myeloid maturation arrest at the promyelo-
cyte—myelocyte stage in all of these patients. There was
slightly increased number of promyelocytes, with atypical
nuclei and vacuolization of the cytoplasm, and a marked
absence of mature granulocyte forms in these patients
(Fig. 3). Cellularity was normal, except in P6 and P16, in
which it slightly decreased. Megakaryocytes were normal
in number and morphology.

Fig. 3 The bone marrow morphology of a patient with severe
congenital neutropenia (P12).
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Fig. 4 Estimated probability of survival after diagnosis of severe
congenital neutropenia.

Molecular Studies

Molecular analysis was conducted in eight patients
(Table III). ELA2 was sequenced in all these patients. Only
one patient had mutations in this gene (P8). He had two
heterozygous single base changes in exon 3, leading to
amino acid substitutions (VO6OL and V72L). HAX-1 was
also sequenced in these patients; two unrelated patients had
homozygous single nucleotide insertion, leading to a
premature stop codon (W44X; P11 and P12), and one
patient had a homozygous single base pair substitution,
leading to a nonsense mutation R86X (P9). CSF3R is also
sequenced in these patients; no somatic mutations in
CSF3R were identified in these patients.

Mortality

The patients were followed through a period of 5.5+
3.9 years (a total of 99 patient years). Twelve out of these
patients are alive, three patients could not be localized, and
the remaining three patients have already died, all because
of septicemia (P6 in 2000 and P13 in 2002 and P17 in
1999). All patients are prescribed to G-CSF therapy after
diagnosis; however, none of the patients received regular
G-CSF therapy, and all received this treatment irregularly.
We started G-CSF therapy with an initial dose of 6 ng/kg
bid, but this dose adjusts individually on the basis of
clinical manifestations and ANC, and it was increased even
more than 100 pug kg ' daily ! in acute infections setting.
The survival curve is shown in Fig. 4. Postdiagnosis
survival was estimated as 90% for the first 2 years, which
remains the same until 11 years after diagnosis when a drop
of nearly 30% in survival is seen. None of our patients
developed myelodysplastic syndromes or acute leukemia.
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Discussion

SCN is a rare disorder with an estimated frequency of 1-2
cases per 10° population in general [1] and cumulative
incidence of 0.27 per 10° population in Iran during the last
10 years [16]. We reported in this paper the clinical,
immuno-hematological, and molecular investigations in all
diagnosed SCN patients in Iran.

The distribution of gender was approximately equal, as
expected according to the patterns of inheritance [1, 4, 7—
9]. Almost all patients experienced the first manifestation of
disease during the first 6 months of their life and also
experienced recurrent severe bacterial infections during the
infancy, which is a hallmark of SCN [1-4]. Early onset
recurrent infections are one of the characteristics of SCN
patients (median of 4 months in our SCN patients), whereas
it is similar to other primary immunodeficiency diseases
(median of 7 months in Iranian patients) as well [16].
Superficial abscesses, omphalitis, pneumonia, and otitis
media are the most common manifestations leading to the
diagnosis of SCN [1]. Although the diagnosis was made
approximately 1 year after the first symptom, this diagnosis
lag was much lower than the delay in other primary
immunodeficiency disorders [16], as SCN can easily be
diagnosed by chronic severe neutropenia in repeated
complete blood cell count; it should be noted that in all
cases, neutropenia had been detected much earlier, but this
finding did not lead to SCN diagnosis at that time. The
diagnosis delay has been significantly decreased in the
recent years. It is caused by increasing the awareness of
medical staff by educational programs in the country [16,
17]. However, it should be emphasized that only the
patients who survived long enough to be diagnosed and
referred to the referral centers in Iran were investigated in
this study. In fact, this number of patients does not
necessarily reflect the actual prevalence of SCN in the
country in this period, as there are a number of undiagnosed
patients who will die before the diagnosis was made.

The consanguinity rate in our SCN patients was 55%,
which was much higher than the rate in general population
and much lower than the overall rate in all Iranian primary
immunodeficient patients [18]. Although an autosomal
recessive mode of inheritance is expected in the patients
from consanguineous families, it is not true for all patients
because consanguineous marriages in the patients with X-
linked inheritance are as high as in normal population [18],
and there is also a SCN patient from non-consanguineous
family (P11) with homozygous single nucleotide insertion
(autosomal recessive form).

An increased susceptibility to infections was detected in
our SCN patients. Mucocutaneous manifestations and
respiratory infections were the most common feature of
these patients during the course of disease. The predomi-

nant manifestation of our patients was recurrent bacterial
infections. Common initial bacterial infections include skin
abscesses, pneumonia, periodontitis, and otitis media [1].
Although recurrent infections are the most important
characteristics of other primary immunodeficiency diseases
as well, respiratory and gastrointestinal manifestations were
the most common problems in these patients [16]. Pneu-
monia, diarrhea, otitis media, and sinusitis are the frequent
manifestations in primary immunodeficiency diseases,
whereas abscesses and oral ulcers were more common in
our SCN patients. The presence of abscesses, ulcers, and
gingivitis implies clinically significant neutropenia. Gingi-
val hyperplasia and aphthous stomatitis in these patients
lead to loss of permanent teeth in childhood [1]. In one
third of our SCN patients, splenomegaly was recorded in
the course of the disease, which is in agreement with other
studies; the overall incidence of splenomegaly is estimated
21% before treatment with G-CSF and 34-48% through
10 years of treatment [1].

All of our SCN patients had severe neutropenia of less
than 500 cells/mm’ during their disease. As it was seen in
our study, other hematological abnormalities usually occur
in association with neutropenia [1, 2]. Although mild anemia
and thrombocytosis were seen in one third of our patients,
increase in the blood monocytes and eosinophils was rare.
Bone marrow studies indicated an early-stage maturation
arrest of myeloid differentiation. Although bone marrow
pictures could confirm the diagnosis of SCN, clinical
features of disease and peripheral blood smear are still the
most important parts of the diagnostic evaluation [2].

Increased immunoglobulin serum levels, especially IgG,
were seen in our SCN patients. Elevated serum level of
immunoglobulin is a common finding in SCN patients and
maybe caused by a possible gene defect in both, myelopoi-
esis and lymphopoiesis or secondary to recurrent infections.
However, it is proposed that increased IgG level in SCN
patients is not related to their infectious status [1]. All of
our HAX]I patients had elevated IgG level; two had elevated
IgM and IgA levels as well. Igs serum levels were much
higher than other patients without HAX/ mutations.
Although B-cell abnormalities have not previously been
reported in SCN patients, HAXI participates in B-cell
receptor-mediated signal transduction [19]. Further studies
on higher number of SCN patients should be performed to
compare clinical and laboratory data between groups. As
increased immunoglobulin serum levels are not expected in
other primary immunodeficiency diseases, high immuno-
globulin serum levels should rise suspicious to SCN in
neutropenic patients with recurrent infections.

Although the underlying genetic defect of SCN is not
completely understood [1], molecular analysis of our SCN
patients indicated different mutations in the ELA2 gene of
one patient and in the HAX1 gene of another three patients.
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Mutations of ELA2 are the underlying genetic defect in 60—
80% of autosomal dominant and sporadic cases of SCN [1,
10]. Mutations of HAXI have recently been introduced as
the underlying genetic defect of an autosomal recessive
form of SCN [12]. Neutrophil elastase protein has a role in
synthesizing the promyelocytes [20] and HAX! is proposed
to have a role in controlling the apoptosis [21]; therefore,
increased apoptosis in myeloid progenitor cells could be a
mechanism of neutropenia in SCN patients [20, 22]. As
there are also some patients without any mutations in
above-mentioned genes, it seems that there are still some
additional genes in controlling the survival of neutrophils,
which should be further investigated by future genetic
studies in these patients. Although approximately one fifth
of SCN patients are complicated with leukemia during their
disease [23], none of our patients have developed myelo-
dysplastic syndromes or acute leukemia until now. This
condition has a high correlation with occurrence of CSF3R
mutations [24], which were not found in our patients.
However, it has not been checked in all patients. Further
follow-up studies for CSF3R mutations are also required to
estimate the risk of myelodysplasia and leukemia in these
patients. Although molecular analysis of SCN patients is
useful as a predictor for response to treatment and outcome
in SCN patients, the diagnosis rests primarily on the clinical
picture of the disorders and cell blood count with manual
WBC differentiation [2].

Although it seems that postdiagnosis survival was 90%
for the first 2 years in our study, it should be emphasized
that the postdiagnosis survival should be much lower that
this, as we just select the cases who survived long enough
to refer to a medical center; therefore, there would be
several undiagnosed patients who died in the first 2 years of
life and before the diagnosis was made. It should also be
considered that the remaining 90% survival until 11 years
after diagnosis is because of receiving G-CSF therapy in the
period after diagnosis, which is effective for reducing the
risk of sepsis. Recombinant human G-CSF is the first
choice of treatment for SCN patients that could increase the
number of neutrophils, reduce the number of infections and
hospitalization, and improve the prognosis and their quality
of life [1, 3, 13—15]. Three of our patients who did not
receive regular use of G-CSF died because of sepsis.
Unfortunately, other patients do not receive regular use of
G-CSF as well because of imbalance between the cost of
drug and their socioeconomic conditions; they are at the
risk of life-threatening infections now [2, 13, 14].

Conclusion

Severe and recurrent infections must always initiate the
search for an immunodeficiency syndrome because a delay
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in diagnosis may result in chronic infection, irretrievable
end-organ damage, or even death of the patient. Presence of
neutropenia in association with increased immunoglobulin
serum levels should rise suspicious to SCN in patients with
recurrent infections, especially in those with superficial
abscesses and oral ulcers. Timely referral to a hematologist
and/or clinical immunologist remains the key to the
successful diagnosis and management of patients with SCN.
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