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Abstract

Benign ethnic neutropenia (BEN) is an asymptomatic condition reported in adults of African and
Middle Eastern descent. The clinical description in children is currently lacking. In our urban
outpatient pediatric hematology clinic, the median neutrophil count of children with BEN was
lower than previous reports in adults at 893 x 106 cells/L, but increased with older age. There was
an equal male to female ratio and 24% of our BEN children reported ethnicities other than African
or Middle Eastern. Children with BEN had a clinical course comparable to other healthy children
including otherwise normal blood counts, except for mild anemia.
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Introduction

Benign ethnic neutropenia (BEN), also known as benign familial neutropenia, benign
neutropenia of the black, and chronic benign idiopathic neutropenia, is an asymptomatic
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condition commonly observed in individuals of African, Arab, as well as Ethiopian and
Yemenite Jewish descent.26 Admixture mapping of individuals of African and Yemenite
Jewish ancestry implicates a single nucleotide polymorphism (SNP) in the promoter region
of the Duffy antigen and receptor for chemokine (DARC) as a heritable trait associated with
BEN.7-9 This SNP has been reported to modulate infectivity from Plasmodium species, and
more recently with HIV.3.7:8 The effect of the DARC SNP on Plasmodium infectivity and
geographical distribution of BEN, which overlaps that of thalassemia and sickle cell disease,
have led researchers to suggest that widespread prevalence may be the result of a historical
balanced polymorphism.2 Although the precise mechanism of the survival benefit of
neutropenia in this setting is unknown, Denic and colleagues hypothesized that the
impairment in the ability of BEN individuals to release the neutrophils into the peripheral
blood may have conferred a survival advantage due to decreased tissue damage from chronic
malarial infections.?

BEN is defined in adults by recurrent absolute neutrophil count (ANC) less than 1,500 x 108
cells/L in the absence of other secondary causes of neutropenia, such as infections, drugs,
cancer, autoimmune diseases, metabolic disturbances, and hematologic disorders.
Individuals with BEN have normal myeloid maturation within the bone marrow but release
fewer neutrophils into the peripheral circulation in response to steroid or epinephrine
stimulation.*8 BEN is a clinically distinct entity from other congenital neutropenias such as
severe congenital neutropenia, cyclic neutropenia, and chronic idiopathic neutropenia. These
latter diseases are characterized by frequent severe neutropenia (ANC less than 500 x 10°
cells/L) and oral mucosal or systemic infections. Previous studies of BEN in pediatrics
reported no increased infections but otherwise lacked detailed demographic, clinical, and
laboratory descriptions.110-12 The purpose of this study is to address the need to further
characterize the clinical features of this condition in children.

Materials and Methods

A single institution retrospective study from 2008-2013 was conducted at an urban tertiary
care children's hospital in Washington, DC, after the Institutional Review Board granted a
waiver of consent. Potential BEN individuals were initially identified by searching for ICD9
codes 288.0 (neutropenia) and 288.09 (neutropenia, not otherwise specified). ANC less than
1,500 x 10° cells/L was required for inclusion. Exclusion criteria included pregnancy, low
B12 or folate levels, other hematologic disorders, cancer, or concurrent treatment with
immunosuppressants. Additionally, patients with neutropenia concurrent with a viral
infection that self-resolved or patients that had neutropenia at their primary care provider's
office but had a normal ANC when evaluated in the pediatric hematology clinic were also
excluded. All outpatient visits to the pediatric hematology clinic in which a documented
ANC was obtained were evaluated and recorded as encounters for patients included in the
BEN cohort. Individuals were included in the BEN cohort even if they had one or more
visits to the pediatric hematology clinic, regardless of length of follow-up. All cases were
reviewed by two members of the study team to confirm the validity of the designation of
BEN. Demographic, laboratory, and clinical information on all included patients were
recorded from each clinic encounter. Potential clinical sequelae of prolonged neutropenia
that were collected included upper respiratory infections, rash, poor weight gain, weight
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loss, headaches, oral ulcers, bone pains, joint pains, cervical lymphadenopathy, gingivitis,
dental problems, night sweats, chills, delayed wound healing, and dyspnea. Laboratory
information collected included complete blood counts, immunoglobulin levels, bone marrow
aspirate or biopsy results, as well as evaluations for infections, autoimmune disorders, or
inherited bone marrow failure syndromes.

The medians and 25! and 75™ percentiles were calculated for each laboratory parameters
(Table 3) of all BEN patients. BEN patients were then stratified into 3 age groups, 0-6 years
(N=26), 6-12 years (N=6), and 12-18 years (N=5). WBC and ANC were compared between
age groups, and between African descent vs all other ethnicities using Wilcoxon/Kruskal-
Wallis test, with normal or Chi Square approximation, and p<0.05 considered to be
statistically significant.

Demographic Characteristics

Searching by ICD9 codes yielded 136 neutropenic individuals. Ninety-nine were excluded:
43 had anti-neutrophil antibodies consistent with autoimmune neutropenia, 26 had transient
or self-resolved neutropenia, 22 had a concurrent malignancy, 4 were receiving
immunosuppressant therapy, and 4 had other known causes of neutropenia. Among the 26
children with transient neutropenia, 6 had viral infections concurrent with neutropenic blood
counts. The remaining 20 individuals had a complete blood count (CBC) at the referring
pediatrician's office which identified neutropenia, and a repeat CBC at our clinic with
normal neutrophil count. None of these patients were referred back to us or had additional
CBCs available to us at our clinic or elsewhere to determine if subsequent CBCs revealed
neutropenia again.

The remaining 37 individuals comprised our BEN cohort (Table 1). A total of 130
encounters in the outpatient pediatric hematology clinic occurred for these 37 children,
accounting for 70.4 patient-years of follow-up. Median age at evaluation was 1.8 years
(range 0.1-17.3); median duration of follow-up was 16.1 months (range 0.8 to 2.8 months).
Ten patients had 1 encounter or less than 6 months of follow-up. This group with a limited
duration of follow-up were all determined to have BEN by the treating pediatric
hematologist and confirmed by another senior pediatric hematologist. The median age of
presentation was 5.2 years for this sub-group which was comprised of equal humbers of
males and females. Ethnicity of this group included 6 African Americans, 1 Hispanic, 1
Caucasian, and 2 of unknown ancestry.

Clinical Findings

Table 2 lists the medical conditions that were present in the BEN cohort. No first degree
relatives were noted to have a history of neutropenia. Five of the BEN patients had a history
of hospitalization: 2 for febrile neutropenia (blood cultures remained negative), 1 each for
mastoiditis, weight loss and neutropenia, and pneumonia. None of the hospitalized patients
required intensive care unit (ICU) management. Three children with BEN also had eczema,
2 had attention deficit and hyperactivity disorder (ADHD), 2 had congenital heart disease, 1
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had developmental delay, and 1 had trisomy 21. Although one of the two patients with
ADHD was on medications which might cause neutropenia, she had three CBCs prior to
initiation of these medications which revealed an ANC between 300 and 500. All of the
patients with congenital heart disease had structural defects, but no cardiomyopathy which
might suggest Barth Syndrome. Two children with severe neutropenia were prescribed
filgrastim for outpatient therapy for persistent neutropenia. One of those children had a
robust response to filgrastim in which his white blood cell (WBC) count peaked at 15.2 x10°
cells/L, with 53% neutrophils and 15% bands. The response of the second patient who
received filgrastim was not recorded.

Laboratory Studies

Table 3 shows an aggregate of the complete blood counts and immunoglobulins for the BEN
cohort. The median ANC was 893 x 108 cells/L. Seventeen (46%) had at least one ANC less
than 500 x 106 cells/L. None of the individuals seen for less than 6 months or with a single
follow-up visit had an ANC less than 500 x 10° cells/L. Of those with severe neutropenia, 8
were self-identified as African or African-American in heritage, 3 Hispanics, 2 Asians, 1
Caucasian, and 3 not reported. When analyzed by age groups, children less than 6 years-old
had higher median WBC and lower ANC of 6.1 x 109 cells/L and 768 x 106 cells/L,
respectively; 6-12 years-old, 3.2 x 10° and 833 x 10%; and 13-18 years-old, 4.1 x 10° and
874 x 10° (p<0.01 for WBC, p=0.20 for ANC). When analyzed by ethnicity, children of
African descent versus other ethnicities had similar median WBC of 4.8 vs 6.2 x 10° cells/L,
respectively (p=0.19), and similar median ANC of 813 vs 764 x 106 cells/L, respectively
(p=0.18). Nine boys and 9 girls had hemoglobin levels between 11-12 g/dL. Among these 18
children with mild anemia, one had glucose-6-phosphate dehydrogenase deficiency, and the
remainder had MCV between 70-82, suggesting iron deficiency and/or alpha-thalassemia
trait, though alpha globin gene sequencing was not performed. Immunoglobulin levels were
tested at least once in 17 (45.9%) patients and all were within normal range. Five patients
had bone marrow biopsies, 3 of which were normal and the others had focal/mild
hypocellularity with normal neutrophil maturation. Eight patients had negative anti-
neutrophil antibody testing whereas 10 were negative for anti-nuclear antibodies. Two
children had negative neutrophil elastase (ELANE) mutation testing; one child had a
negative HAX1 testing result.

Discussion

Through this analysis of the clinical data in children with BEN, we identified several
demographic and laboratory characteristics of BEN in children that differed from BEN
observed in previous adult studies. Nearly half of our BEN cohort had at least one ANC less
than 500 x 108 cells/L, and 86% had ANC between 500 and 1,000 x 106 cells/L. In contrast,
the vast majority of adults with BEN had ANC >1,000 x 108 cells/L.1:2 This low ANC was
likely skewed by a selection bias in which pediatricians were more likely to refer a patient to
the pediatric hematologist if they had a lower ANC. However, we believe that the lower
ANC in our childhood cohort is an expected finding given that ANC rises with increasing
age and the median age of our cohort was quite young at only 1.8 years upon initial
presentation. The WBC trends in our BEN cohort are consistent with data in other healthy
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children, where younger children have higher total WBC counts with a higher proportion of
lymphocytes, and as the children become older, the total WBC counts with lymphocyte
percent decrease, while ANC increases.1® Second, our previous report in adult African-
Americans had highlighted a male predilection although this gender predominance was not
seen in our study nor in a recent large study of Emirati Arabs.12 Lastly, there was no history
of neutropenia in families of these children. This observation from genetically and ethnically
diverse community of our referral area suggests that BEN may be inherited in a recessive
manner or arise from another mechanism. Whether BEN in our cohort is similar to the BEN
in other reports showing an autosomal dominance inheritance pattern is unknown, even
though both appeared to be clinically benign.

Another well described feature of BEN in adults is that it almost exclusively occurs in
individuals of African or Middle Eastern descent.1-> However, only 60% of BEN individuals
in our cohort were of African descent, and many were from ethnic backgrounds not
previously described to have BEN. A possible explanation for the finding of non-traditional
ethnicities being represented in our cohort is that in our diverse urban setting, patients who
self-reported a non-traditional BEN ethnicity might have an ancestor with an African or
Arab background. Seventy percent of the individuals in our cohort were less than 6 years old
at presentation and as noted above, young children tend to have lower ANCs than
adolescents and adults. Thus, another explanation is that this lower norm ANC for age might
have included children of other ethnicities in our cohort of predominantly young children.

A challenge in chronicling the natural course of BEN is that since it is generally understood
to be a benign variant, BEN is often not referred to a pediatric hematology clinic, or if it is
referred may only warrant a single or brief monitoring. As a result, in our cohort there were
10 patients with less than 6 months of follow-up or a single visit. All of these patients were
deemed by the pediatric hematologist of record, as well as an independent senior pediatric
hematologist, to have findings consistent with BEN. As BEN implies chronic neutropenia, it
was important to distinguish these patients from the excluded individuals whose neutropenia
self-resolved or was transient, often after a viral infection. The ethnic and gender
characteristics of this sub-cohort mirror that of the larger cohort and none of these patients
had an episode of severe neutropenia (ANC less than 500 x 106 cells/L). As a result we
believe that our cohort appropriately includes and excludes individuals with and without
BEN, respectively, even those with limited follow-up. Recent reports have documented the
association between DARC null state and leukopenia/neutropenia in those of African
descent. Due to the retrospective nature of this study, red cell phenotyping for DARC or
genetic studies for the known correlative SNPs were not performed, but certainly would
further enhance our understanding of BEN. These genotype-phenotype correlation studies,
however, still do not elucidate why polymorphisms at a red cell promoter cause leukopenia
or neutropenia.

Finally, the children in our BEN cohort had an unremarkable clinical course. Their rates of
infections are similar to other children, their rates of hospitalizations also appear to be low,
and their associated medical conditions reflect those of the general pediatric population.14.15
Our study was not designed to calculate the prevalence of BEN in our outpatient hematology
clinic.
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summary, the natural history of BEN in children remained clinically benign. The rates of

infection, hospitalization, and co-existing medical conditions appeared to be similar to

he

althy children. No medication was associated with BEN. Laboratory testing in BEN

showed that other than mild anemia from possible iron deficiency or alpha-thalassemia trait,
the remainder of the WBC indices and platelet counts were normal. This cohort of children

Wi

th BEN highlights the ethnic heterogeneity, particularly in diverse communities where one

should consider backgrounds besides African. In order to help pediatricians and pediatric

he

matologists tasked with evaluating a child with a potential diagnosis of BEN, we suggest

work-up based on the severity and duration of neutrophil counts (refer to supplemental table

Wi

th our recommended clinical practice guidelines).
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Refer to Web version on PubMed Central for supplementary material.
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Demographic characteristics of BEN cohort

Characteristic N | %
Gender Male 19 | 51.3
Female 18 | 48.6
Age * Under 6 years 26 | 70.2
6-12 years 5 135
Over 12 years 6 16.2
Background | African American/African | 22 | 59.5
Caucasian 4 10.8
Hispanic 3 8.1
Asian 2 5.4
Not Documented 6 16.2

*
Age at initial presentation to pediatric hematology clinic
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Common reported symptoms from BN individuals

Finding Patients | % Reporting
Upper respiratory infection 8 21.6
Rash 6 16.2
Poor weight gain or weight loss | 4 10.8
Headache 3 8.1
Oral ulcers 3 8.1
Bone or joint pain 2 5.4
Cervical lymphadenopathy 2 5.4
Gingivitis 1 2.7
Dental problems 1 2.7
Night sweats or chills 1 2.7
Dyspnea 0 0
Delayed wound healing 0 0
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Complete blood counts and immunoglobulins from all individuals in the BN cohort

Table 3

Result Units 251 Quartile | Median | 75 Quartile
White blood cell x 109 cells/L | 3.4 4.7 7.0
ANC x 109 cells/L | 344 627 1059
ALC x 106 cells/L | 1880 3070 4602
AMC x 108 cells/L | 331 449 645
Neutrophils % 6.7 13 24
Lymphocytes % 53.5 70.1 80.6
Monocytes % 7 9 11.4
Eosinophils % 1 4 5.6
Hemoglobin gm/dL 11 11.7 12.7
Hematocrit % 321 34 36.8
Platelets x 10°% cells/L | 192 266 329
Immunoglobulin G | mg/dL 499 649 1621
Immunoglobulin A | mg/dL 30.8 715 116.8
Immunoglobulin M | mg/dL 55 67.5 126

* Based on 175 CBCs and 17 Immunoglobulin levels for 37 patients
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