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ABSTRACT

Objective: Infections are an important cause of morbidity and mortality for patients with congenital 
neutropenia. In the present study, we report on the incidence, type, localization of documented infections, 
as well as the clinical features and long-term outcome in patients with congenital neutropenia in our 
clinic. 
Method: We performed a retrospective chart review of children with neutropenia seen at our hospital 
from 2000-2018. The data of 15 patients with congenital neutropenia were included in this study. Clinical 
and laboratory data were analyzed retrospectively using patients’ files and an electronic data system. 
Results: The median age at diagnosis was 34 months (range, four months- 150 months) and the median 
follow-up time was 48 months (range, 13-179 months). The leading causes of hospital admission before 
the establishment of the diagnosis were upper respiratory tract infection in six, pneumonia in four, gingival 
stomatitis in three and soft tissue infection in two patients. We reached the documented 74 hospitalization 
episodes and the most common reasons for hospitalization were pneumonia (35%), fever (21%), stomatitis 
(16%), cutaneous and deep soft tissue infections (12%). 
Conclusion: The management of infectious complications in children with congenital neutropenia is 
crucial. Early diagnosis is essential to prevent infections and permanent organ damage. Congenital 
neutropenia should be suspected in patients with a history of frequent upper respiratory tract infection, 
and necessary investigations should be performed accordingly. However, it should be kept in mind that the 
clinical findings of the patients may vary despite having the same mutation.

Keywords: Congenital neutropenia, infection, neutropenia, children

ÖZ

Amaç: Enfeksiyonlar konjenital nötropeni hastalarında önemli bir morbidite ve mortalite nedenidir. Bu 
çalışmada konjenital nötropeni hastalarının geçirdiği enfeksiyon ataklarının sıklığını, tipini ve bölgesini 
klinik bulgular ve uzun dönem sonuçları ile birlikte değerlendirdik. 
Yöntem: Hastanemizde 2000-2018 yılları arasında konjenital nötropeni tanısı ile takip edilen 15 hasta 
çalışmaya alındı. Hastalara ait klinik ve laboratuvar bilgileri hasta dosyaları ve elektronik kayıt sistemi 
kullanılarak retrospektif olarak incelendi. 
Bulgular: Çalışmaya dahil edilen 15 hastanın (6 erkek, 9 kız) medyan tanı yaşı 34 ay (aralık, 4 ay - 150 ay), 
medyan izlem süresi 48 ay (aralık, 13 ay -179 ay) idi. Hastaların tanı öncesi en sık hastaneye başvuru 
nedeni 6 hastada üst solunum yolu enfeksiyonu, 4’ünde alt solunum yolu enfeksiyonu, 3’ünde stomatit ve 
2’sinde cilt bulguları idi. Yetmiş dört hastane yatış episoduna ulasıldı. En sık hospitalizasyon nedeni alt 
solunum yolu enfeksiyonu (%35), ateş (%21), stomatit (%16), cilt ve derin doku enfeksiyonu (%12) idi. 
Sonuç: Konjenital nötropenili hastalarda enfeksiyonların yönetimi çok önemlidir. Erken tanı, enfeksiyon 
ataklarını ve kalıcı organ hasarını önlemek için gereklidir. Sık üst solunum yolu enfeksiyonu geçiren hasta-
larda konjenital nötropeniden şüphelenilmeli ve gerekli araştırmalar yapılmalıdır. Aynı mutasyonu taşıma-
larına rağmen klinik bulguların değişken olabileceği akılda tutulmalıdır. 

Anahtar kelimeler: Konjenital nötropeni, infeksiyon, nötropeni, çocuk
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INTRODuCTION

Congenital neutropenia (CN) is defined as chronic 
neutropenia that arises from a constitutional genetic 
defect. Severe congenital neutropenia (SCN) and 
cyclic neutropenia (CyN) are two major types of CN 
encountered in childhood (1). Because of the rare 
onset of SCN, its epidemiology, prognosis and clinical 
manifestations have not yet been fully understood 
(2). SCN encompasses a group of disorders that are 
characterized by peripheral neutrophil counts of 
<0.5×109/L, early-onset recurrent bacterial infection 
and bone marrow maturation arrest of myelopoiesis 
at the promyelocyte/myelocyte stage (2). Different 
mutations in the neutrophil elastase gene (ELANE) 
are responsible for the majority of the patients. 
Other gene mutations associated with SCN are in the 
genes of HAX-1, G6PC-3, GFI-1, WAS, JAGN and 
GATA-2. In addition, the glycogen storage disease 
type Ib (GSD-Ib) is a metabolic disorder that may 
cause congenital neutropenia (3). 

Infections are an important cause of morbidity 
and mortality in patients with CN. Before the 
availability of G-CSF treatment, almost all the patients 
with severe neutropenia died in the first two years of 
life due to infectious complications. The management 
of the disease changed with the administration of 
broad-spectrum antibiotics and G-CSF treatment. 
Despite these novel treatment strategies, infections 
are still a significant problem for this group of 
patients. Patients have frequently been suffering 
from severe and recurrent bacterial infections that 
may affect the skin, lungs and deep tissues (1,3). 

In the literature, there are few studies 
investigating the type and frequency of infections 
in children with CN (1,4), which has remained under-
researched. In the present study, we report on the 
incidence, type, localization of documented 
infections, the clinical features and long-term 
outcome in patients with CN. 

MATERIAL and METhODS 

Collection and Analysis of Clinical Data 
We performed a retrospective chart review of 

children with neutropenia seen at our hospital from 
2000-2018, using patients’ files and an electronic 
data system. The data of 15 patients with congenital 
neutropenia were included in this study. We collected 
clinical data, including age, sex, absolute neutrophil 
count (ANC), genetic mutation analysis, treatments 
received, infectious complications and outcome. 

Definitions 
Neutropenia: Neutropenia is defined as mild if 

circulating neutrophils are between 1.0 and 
1.5x109/L, as moderate if between 0.5 and 1.0x109/L, 
and severe if below 0.5x109/L. Neutrophil counts 
below 0.2x109/L are defined as very severe 
congenital neutropenia. SCN is an immunodeficiency 
diagnosed using modified conventional criteria 
includes; onset at early ages, primary myelopoiesis 
failure with an absolute neutrophil count (ANC) 
<0.5x109/L, severe infections and risk of leukemic 
transformation (3).

Mutations Analysis: In this study, analysis of 
genetic mutations causing SCN was performed. DNA 
was extracted from a 200- µL peripheral blood 
sample using the QIAamp DNA blood Mini QIcube Kit 
with a QIcube instrument (QIAGEN, Hilden, Germany) 
according to the manufacturer’s specifications. 
Analysis of sequencing data were conducted by 
using the Integrative Genomics Viewer (Thorvaldsd 
ottir et al., 2013). 

Statistical Methods 
The data were analyzed using SPSS Statistics 17.0 

(International Business Machines Corp, Armonk, 
NY). The Kolmogorov-Smirnov test was used to 
investigate whether the distribution of continuous 
variables was approximately normal, and the Levene 
test was used to investigate whether the assumption 
of homogeneity of variance was met. Baseline 
characteristics were given as medians and 
interquartile ranges (IQRs) for continuous variables, 
and numbers of cases and percentages were 
calculated for categorical variables. To conduct this 
study, ethical approval was obtained from the local 
ethics committee of Dr. Behcet Uz Children’s 
Hospital.
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Table 2. The Clinical and Laboratory Characteristics of the Patients

Patient

P1 

P2

P3

P4

P5

P6

P7

P8 

P9

P10

P11

P12

P13

P14 

P15 

Age at diag. 
(month)/Sex 

90/F

11/M

76/M

84/M

33/M

34/F

11/F

75/F

77/F

150/F

11/M

8/F

5/M

4/F

51/F

ANC at 
diag.×109/L

0.20

0.30

0.15

0.20

0.38

0.20

0.30

0.47

0.50

0.20

0.20

0.48

0.07

0.20

0.15

Genetic
Mutation

-

HAX-1
c.130-131insA
(homozygous)

HAX-1
c.130-131insA
(homozygous)

HAX-1
c.130-131insA
(homozygous)

-

-

HAX-1
c.130-131insA
(homozygous)

HAX-1
c.130-131insA
(homozygous

HAX-1
c.130-131insA
(homozygous)

HAX-1
c.130-131insA
(homozygous)

ELANE
19p13.3

ELANE
c.254 G A 

(heterozygous)

SLC37A4
Glycogen 

Storage Type 1

G6PC3
IVS3-1 GC

(g.4234G C)
(homozygous)

-

Infection Leading 
to the Diag.

URTI 

HLH secondary to 
CMV infection  

Pneumonia

HLH secondary to 
EBV infection

 

AGE

Stomatitis

Pneumonia

Pneumonia

Stomatitis

Cutaneous
Abscess

Preseptal selulitis

Cutaneous
Abscess

Pneumonia

Pneumonia

Stomatitis

Follow-up 
duration (month)

122

108

141

141

42

38

48

19

43

28

16

14

137

179

91

G-CSF
Treat.

-

Continue 

Continue

Continue

Continue

-

-

-

-

Continue

Continue

-

Continue

Continue

Continue

Episode 
of hosp. 

1

5

8

10

3

3

6

4

None

14

9

1

7

13

3

Type of 
Infections 

Pneumonia

Hlh
Pneumonia

Anal abscess
Stomatitis

Pneumonia
Fever

Cellulitis
Tonsillitis

Fever
Stomatitis

Viral infection
Pneumonia

EBV-HLH

Pneumonia
Fever

Fever
URTI

Pneumonia
Stomatitis

Pneumonia
Abscess

-

Pneumonia
Inguinal abscess

Fever
Cellulitis

Stomatitis
Abscess

Otitis
Pneumonia

URTI

Anal abscess

Fever
Pneumonia

Fever
Acute 

Gastroenteritis
Pneumonia

Stomatitis
Fever

Bacterial culture 
growth 

ND

ND

HC (-)
UC (-)

Wound
culture: Staph 

aureus

HC (-)
UC (-)

HC (-)
UC (-)

HC (-)
UC (-)

ND

UC (-)
Wound culture: 

Staf aureus

ND

HC (-)

HC (-)
Wound

culture: Staf
aureus

HC (-)

ND

HC (-)
UC (-)

HC (-)
UC (-)

Episode of hosp.
Per month

0.008

0.04

0.05

0.07

0.07

0.07

0.12

0.21

0

0.5

0.56

0.07

0.05

0.07

0.03

CN; congenital neutropenia, ANC; absolute neutrophil count, G-CSF; granulocyte colony-stimulating factor, MDS; myelodysplastic syndrome, AML; acute 
myeloid leukemia, URTI; upper respiratory tract infection, HLH; hemophagocytic lymphohistiocytosis, CMV; cytomegalovirus, EBV; Epstein–Barr virus, AGE; 
acute gastroenteritis, HC; hemoculture, UC; urine culture, (−); negative, (+); positive,  ND; not done.
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RESuLTS 

Fifteen patients (six boys, nine girls) with CN were 
analyzed retrospectively in this study. The median 
age at diagnosis was 34 months (range, four months- 
150 months), and the median follow-up time was 48 
months (range, 13-179 months). Nine of the 15 
patients were from the consanguineous marriage. 
Skeleton dysplasia was not observed in any of them. 
The detected mutations were HAX-1 in seven (46%) 
patients, ELANE in two patients (13%), G6PC3 in one 
patient (6%) and SLC37A4 in one patient (6%). None 
of the mutations related to the SCN was detected in 
four patients (26%). The median ANC at diagnosis 
was 0.29×109/L (0.07-0.43×109/L). The main causes 
of hospital admission before the establishment of 
the diagnosis were upper respiratory tract infection 
(URTI) in six patients, pneumonia in four patients, 
gingival stomatitis in three patients and soft tissue 
infection in two patients. The number of patients 
were diagnosed while being treated for other 
diseases was as follows: Five patients during 
pneumonia treatment, three patients during 
stomatitis treatment, two patients during skin 
abscess treatment, one patient during acute 
gastroenteritis treatment and one patient during 
URTI treatment. The congenital neutropenia (CN) 
was diagnosed in two patients when they presented 
with the clinical manifestation of hemophagocytic 
lymphohistiocytosis (HLH), which was secondary to 
viral infection (CMV and EBV). The clinical and 
laboratory characteristics of the patients are 
presented in Table 1 in summary. 

Fourteen (93%) of the patients were hospitalized 
with infection at least once in a lifetime. No 
hospitalization was required for one patient (P9) 
during the follow-up. However, this patient had to 
use oral antibiotics due to chronic gingivitis, otitis, 
and recurrent stomatitis attacks. The mutation 
analysis and neutrophil count of her confirmed the 
diagnosis of CN. The total hospitalization period of 
patients contained 662 days and 87 infection 
episodes. We obtained 74 hospitalization episodes. 
We were able to access information on seventy-four 
hospitalization episodes, which were due to 

infections. The most common reasons were 
pneumonia (35%), fever (21%), stomatitis (16%), 
cutaneous and deep soft tissue infections (12%). 
These episodes accounted for 84% of the total. 
Blood culture samples were taken from nine patients 
during their hospitalization periods, and no bacterial 
growth was detected in any of them (Table 1). Due to 
early-onset recurrent lung infections before the 
diagnosis, bronchiectasis developed in one patient 
(P10) who suffered from severe pneumonia 
frequently. On the other hand, with the initiation of 
G-CSF treatment, pneumonia attacks of her were 
relatively diminished. Sixty percent of all patients 
(9/15) were treated using G-CSF. An initial dose of 
G-CSF was 3 mcg/kg/day, and the dose was 
subsequently modified according to the patient’s 
response. Target ANC level was 1-5x109/L. The mean 
dose of G-CSF was 3.5±0.69 (max: 10) mcg/kg/day; 
the mean administration duration was 49.8±18.8 
(max: 139) months. Despite the administration of 
high-dose G-CSF treatment (10 mcg/kg/day), P11 did 
not respond and achieved ANC >0.5×109/L. He 
continued to suffer from severe infections. Therefore, 
hematopoietic stem cell transplantation (HSCT) from 
a sibling donor was performed. He was alive after 
ten months of the HSCT. Yearly bone marrow 
surveillance was performed for each patient under 
G-CSF treatment. Morphological evaluation and 
genetic analysis, including trisomy 8, 5p deletion, 
20q deletion, 7q deletion, were taken to determine 
myelodysplastic syndrome/acute myeloid leukemia 
(MDS/AML). None of the patients developed MDS/
AML during follow-up. No death due to infections or 
any other cause was encountered in any of the 
patients during their follow-up.

DISCuSSION 

Infections are the major and life-threatening 
complications of patients with CN. Currently, with 
the new treatment strategies, the quality and 
duration of life have improved (3). Although G-CSF 
administration is associated with decreased 
frequency and severity of infections, there are few 
studies documenting the clinical characteristics of 
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infections (1,4). In our study, the median age at 
diagnosis was 34 months (range, four months- 150 
months), and it was older compared with the other 
studies (1,5-7). In the literature, most of the patients 
were diagnosed at an early age because of the 
encountered infections at unexpected sites (1,4). 
According to Fioredda et al. (5), the median age at 
diagnosis was eight months. On the other hand, the 
average age at diagnosis was determined as 16.5 
months and 25.8 months in studies conducted in our 
country (8,9). Given the studies conducted in Turkey, it 
is seen that the average age at diagnosis is relatively 
high. Possible underlying reasons for this delay can 
be explained as follows: Complete blood count (CBC) 
may not require due to mild symptoms at the 
patient’s admission or the Absolute Neutrophil Count 
(ANC) in the complete blood count may be high due 
to the patient’s ongoing infection, and the diagnosis 
may therefore have been overlooked or although the 
ANC value of the patient is low, this situation may be 
linked with neutropenia related to infection. Thus, 
CN has not been considered in the differential 
diagnosis. Lastly, the diagnosis of CN may be 
considered and the parents may have been informed 
accordingly. However, despite this, they might not 
have been applied to the hematology clinic. We 
investigated the clinical features of the patients with 
CN who were followed up in our clinic. The main 
cause of hospital admission before establishing the 
diagnosis was URTI, which was consistent with a 
previous report that described all seven patients 
who suffered from recurrent URTI during the first six 
months (1). In a study in which chronic severe 
neutropenia cases were examined, URTIs were the 
most common cause of complaints (2). 

Seventy-four hospitalization episodes were 
observed, and the most common causes of 
hospitalizations were pneumonia, fever and 
stomatitis, respectively. In other studies, cutaneous 
and soft tissue infections, pneumonia and fever 
were reported as the most common causes (1,4). 
However, a small part of our patients (12%) had 
cutaneous and soft tissue infections. The most 
common pathogens causing infections in neutropenic 
patients are S. au¬reus and gram-negative bacteria 

(10). No bacterial growth was detected in the blood 
culture sampling results of any patient during the 
follow-up. However, S.aureus was isolated from 
wound culture samples taken from three patients 
with a diagnosis of soft tissue infection. In a previous 
study, gram-negative rods were the most common 
source of infection in patients diagnosed with CN (10). 
Interestingly, there is only one case series, which 
includes our two patients with CN that arise from 
HAX1 mutation who have presented with HLH (11). 
Authors explained this by mutations in the HAX1 
gene severely diminish the function of HCLS1, which 
plays an essential role in G-CSF-mediated 
granulopoiesis. 

CN is a genetically heterogeneous disorder. More 
than 20 gene mutations, including HAX, ELANE and 
G6PC3, have been demonstrated. However, 25% of 
the CN patients’ genetic basis remains unknown 
(12-15). Similarly, 26% (4/15) of our patients’ mutation 
was not able to be determined. ELANE mutation, an 
inherited autosomal dominant condition, is 
responsible for 50-60% of patients (16-20). However, 
approximately 50% of our patients had HAX -1 
mutation, as compatible with the national data of 
our country (9). This finding can be explained by the 
consanguinity between our patients’ parents. Three 
of seven patients (P7, P8 and P9) with HAX-1 mutation 
were the same family members. Despite having the 
same HAX-1 mutation, these three patients had 
different clinical features concerning infection 
frequency. This finding suggests that besides 
mutations, environmental and epigenetic factors 
may also play a role in clinical features (10). Patients 
progressing with varying clinical courses despite 
carrying the same mutation have also been reported 
in the literature (8). Glycogen storage disease type Ib 
(GSD-Ib) is a metabolic disorder that may cause 
severe congenital neutropenia. It is characterized by 
neutropenia and myeloid dysfunctions. Despite the 
large knowledge about the metabolic component of 
the disease, the pathophysiology of neutropenia has 
been unclear. Patients can be treated with G-CSF to 
prevent severe infections. In the literature, patients 
with GSD-1b have been reported to develop AML (21). 
We have one GSD-1b patient (P13), and he has been 



186

İzmir Dr. Behçet Uz Çocuk Hast. Dergisi 2021;11(2):181-7

under treatment of G-CSF. With the regular bone 
marrow examinations, AML/MDS has been 
excluded. 

It was proven that in the management of CN, 
G-CSF is an effective first-line treatment for preventing 
life-threatening infection complications at the dose 
of 3-10 mcg/kg/day. The Severe Chronic Neutropenia 
International Registry (SCNIR) reported that 95% of 
the patients with SCN responded to G-CSF treatment 
(10). Sixty percent of our patients were under treatment 
of G-CSF, and most of them (except two patients) 
responded as clinical and laboratory to the treatment 
in our study. Despite being under the treatment of 
G- CSF, one patient (P14) had several episodes of 
infections. This can be explained by that neutrophil 
functions are not completely normal despite the 
increase in neutrophil counts with G-CSF (22,23). On 
the other hand, permanent organ damage, such as 
chronic inflammatory bowel disease, may lead to 
additional co-morbidities to increase the amount of 
recurrent infections and hospitalizations. HSCT was 
not considered in this patient. Because although he 
had been continued to suffer from infection attacks, 
none of them was severe and his clinical course was 
milder. Despite the administration of G-CSF at 10 
mcg/kg/day, one patient (P11) continued to have 
severe infections, and during follow-up, his ANC level 
was below 0.5x109/L. Therefore, HSCT was 
performed. 

Although the average survival in these patients 
has reached 80% with the new developments, 
approximately 10% of them are still dying due to 
sepsis. During our study, we did not encounter any 
sepsis-related deaths. In a study, it was reported that 
six of 101 patients died because of sepsis and severe 
infections, while in this case series, no patient was 
treated using G-CSF (6). 

SCN is a premalignant disease, and that this risk is 
increased by G-CSF administration. Leukemic 
progression in SCN is strongly associated with 
acquired somatic mutations in the CSF3R (Colony 
Stimulating Factor 3 Receptor) gene, which encodes 
the G-CSF receptor (20). In our study, the mean G-CSF 
dosage was 3.5±0.69 mcg/kg/day (max: 10 mcg/kg/
day); the mean administration duration was 

49.8±18.8 months (max: 139 months). None of our 
patients developed MDS/AML, while we could give 
10-year survival rates in the future. SCNIR data 
demonstrated that the cumulative incidence of MDS/
AML in the 15-year follow-up was 22% (24,25). This rate 
was reported at 11% and 31% in the French Severe 
Chronic Neutropenia Registry (SCNFR) and the 
Swedish Registry, respectively. However, the effects 
of duration and dose on this development are not 
clear. In recent studies, patients requiring greater 
than 8 μg/kg/day of G-CSF had a cumulative incidence 
of MDS/AML of 40% after 10 years (10). 

In conclusion, CN is a rarely encountered clinical 
picture. The management of infectious complications 
in CN is vital. Early diagnosis is crucial to preventing 
infections and permanent organ damage. The history 
of having frequent URTIs may be the first clue to 
consider the diagnosis of CN in these patients. 
However, it should be kept in mind that the clinical 
findings of the patients may vary despite having the 
same mutation.

This study has some limitations due to its 
retrospective design. First of all, cases with CN were 
reviewed from the medical files and electronic data 
of the patients. However, we confirmed the infections 
from the microbiology laboratories, especially for 
bloodstream infections and the radiology department 
for pneumonia.
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