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Case Report

Abstract
WHIM syndrome (Warts, Hypogammaglobulinemia, Immunodeficiency, and Myelokathexis syndrome), 
a type of severe congenital neutropenia (SCN), involves Warts, Hypogammaglobulinemia, Infections, and 
Myelokathexis as its main components of clinical presentation, which results from mutations in the C-X-C 
chemokine receptor type 4 (CXCR4) gene.
Here, we present an Iranian 4-year-old girl with severe congenital neutropenia without warts and normal bone 
marrow examination, lacking evidence of myelokathexis.  Whole Exome Sequencing (WES) was performed 
for the patient. Subsequently, Sanger segregation/validation was done of the patient and her parents. Whole 
exam sequencing identified a heterozygous stop variant mutation in CXCR4 (NM_001008540.2:c.1012C>T;  
p.Arg338Ter) in the patient.  Two of the main clinical criteria in WHIM syndrome, including warts and 
myelokathexis, were not observed in our patient. So, the absence of warts is not deceptive in ruling out the 
disease. This case report also represents the high importance of genetic analysis as a primary tool for the 
accurate differential diagnosis of patients with neutropenia.
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Introduction
Severe congenital neutropenia (SCN), one 

type of primary immunodeficiency disorder, is 
defined as absolute neutrophilic count (ANC) of 
<0.5 x 109/L for at least three months. This im-

mune deficiency makes patients prone to multi-
ple infectious events during early childhood that 
are severe enough to cause hospital admissions 
(1,2). Recent genetic analysis reveals more than 
one hundred genes attributing to SCN, although 
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the exact pathogenesis of many of them is not 
understood well (2,3). Some of these mutations 
accompany non-hematological presentations as a 
syndrome that can help physicians shorten their 
differential diagnosis list (2). 

WHIM syndrome, a subtype of SCN, is a con-
genital immunodeficiency characterized by sus-
ceptibility to human papilloma virus-induced 
Warts, Hypogammaglobulinemia, Infections, and 
Myelokathexis (4,5). This syndrome is caused by 
an autosomal dominant mutation in the gene en-
coding C-X-C chemokine receptor type 4 (CXCR-4)
(6). Herein, we present a case of SCN with absent 
warts and normal bone marrow associated with a 
de novo mutation in CXCR4. With this case, we 
aim to question the consideration of warts and 
myelokathexis as constant elements of WHIM 
syndrome in the pediatric population. 

Case Presentation 
A 4-year-old Iranian girl was referred to the 

Pediatrics Center of Excellence of the Children’s 
Medical Center Hospital, Tehran, Iran, due to 
persistent neutropenia and lymphopenia. The pa-
tient was the first and only child born via normal 
vaginal delivery of non-consanguineous parents, 
who were healthy with a history of neither pri-
mary immune deficiency nor other diseases. The 
patient's birth history was favorable, with a born 
weight of 2.7 Kg and a normal Apgar score. She 
reached developmental milestones at appropriate 
ages, and her cognitive function status was also 
normal. The diagnosis of neutropenia was first-
ly established at 1 year of age during the workup 
of abscess formation in the vaccine injection site. 
From then on, the patient suffered from chronic 
diarrhea, multiple bronchopulmonary bacterial 
infections, and episodes of prolonged fever that 
rarely exceeded 38.5° C. The patient only con-
sumed a Salbutamol inhaler for her reactive air-

way disease and iron supplements. 
Her physical examination was unremarkable 

except for failure to thrive (FTT) and tenderness 
in her legs and thighs. In her medical profile, a 
bone marrow biopsy was taken at the age of 3, 
demonstrating normal bone marrow tissue with 
90% cellularity composed of a polymorphic pop-
ulation of hematopoietic cells and a normal level 
of megakaryocytes. CBC exams in our center ap-
proved previously reported neutropenia several 
times. Results of all CBC exams sorted by age are 
listed in Table 1. Considering the patient’s previ-
ous medical history of multiple infectious events 
and lab tests confirming consistent neutropenia, 
primary immune deficiency diseases were sug-
gested at the top list of differential diagnosis. A 
quantitative serum immunoglobulin test was per-
formed, and the result was consistent with IgG in 
the lower normal range (IgG: 516 mg/dl) and an 
increased IgE level (645.5 IU/ml)(Table 2). Blood 
flow cytometry on 1200 WBC/μL revealed CD-3 
lymphocyte 82%, CD-4 lymphocyte 74%, CD-8 
lymphocyte 7.6%, CD-19 lymphocyte 3%, and 
CD-16-56 NK cells 6.5 %.  To assay the functional 
status of IgG, we performed the Isohemagglutinin 
titer test, and we detected a defect in the function 
of IgG (Iso-Anti-A: 1/2 and Iso-Anti-B: negative, 
BG: B). A trial course of G-CSF was initiated but 
failed to increase the ANC number to a favorable 
count.  We performed whole Exome Sequencing 
(WES) for the patient. Agilent V6+UTR library 
preparation and an Illumina  NextSeq  500  se-
quencing platform were used.  The bioinfor-
matics analysis pipeline uses Burrows-Wheeler 
Aligner (BWA 0.7.15), Genome Analysis Toolkit 
(GATK 3.6), Variant Effect Predictor (VEP  89), 
and frequency filters with public and in house 
databases (e.g.  ExAC,  GnomAD and GMEl). 
WES identified a heterozygous stop variant 
(NM_001008540.2:c.1012C>T;  p.Arg338Ter) 

Table 1. CBC exams sorted by age in years.
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Table 2. Quantitative serum immunoglobulin test

Figure 1. Sanger validation/segregation in the patient and parents.

in the CXCR4 (CXC chemokine receptor 4) gene, 
which was described before (rs104893624) to 
cause autosomal dominant WHIM syndrome 
(OMIM#193670). This mutation is a de novo 
event in the patient since both parents were nor-
mal for this variant (Figure 1).

Discussion 
Severe congenital neutropenia encompasses a 

large group of genetically inherited disorders, and 
the prompts diagnosis of the causative disease is 
necessary to administer appropriate treatments 
and avert severe complications. As some of the 
diseases leading to SCN manifest with pheno-
types more than neutropenia, accompanying fea-

tures seen in patients with SCN can guide phy-
sicians to confine the differential diagnosis (2). 
It should be noted that although genetic analysis 
confirms the diagnosis of the presumed disease, 
some cases may fulfill the criteria of a syndrome 
with no gene detection, and it can make the diag-
nosis more difficult (7). 

Variations in the clinical presentation of a syn-
drome may delay diagnosis and result in misclas-
sification of the disease to other primary immune 
deficiency groups unless a responsible gene is de-
tected (6). The case we presented has genetic con-
firmation for WHIM syndrome but doesn’t have 
warts in her clinical presentation and didn’t de-
pict characteristics of myelokathexis in the bone 
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marrow examination. As the first component 
represented in the acronym of WHIM syndrome, 
Warts are less likely to be found in early ages since 
the pediatric population has low sexual and cu-
taneous exposure to the Human Papillomavirus 
(HPV)(7–9). Therefore, it may raise the doubt 
about the absence of warts to be considered a di-
agnostic clue to rule out WHIM syndrome.

Myelokathexis, a Greek word meaning bone 
marrow retention, was first described by Zuel-
zer in 1964 in a patient that was later believed to 
be the first patient affected by WHIM syndrome 
(9). Thanks to molecular biology, the pathology 
behind the myelokathexis in affected patients is 
explained now. Mutations in CXCR4, the prima-
ry gene associated with WHIM syndrome, im-
pairs cell trafficking and hemostasis through hy-
po-function in interaction with its unique ligand 
CXCL12. This impairment results in the retention 
of bizarre matured neutrophils in bone marrow 
(9–11). The cell retention in bone marrow (my-
elokathexis) is considered as a component of the 
WHIM acronym since it was a common finding 
among the WHIM patients guiding the physician 
toward the clinical suspicion for this syndrome in 
neutropenic patients (4). 

Despite what is declared as characteristic clin-
ical features of WHIM syndrome, warts were 
not found in our patient, and bone marrow bi-
opsy didn’t demonstrate features of myelokathex-
is. However, genetic analysis proved the CXCR4 
mutation responsible for WHIM syndrome. This 
heterogeneity in phenotypic presentation adds 
support for recommending gene analysis utili-
zation as a primary tool for accurate diagnosis 
instead of relying on the presence or absence of 
phenotypic traits in PID patients. In addition, cli-
nicians should be informed that the absence of 
these components is not convincing to exclude 
WHIM syndrome as a causative disease in neu-
tropenic patients. 

Conclusion
This article and other similar cases add support 

for further investigations on early presentations 
of WHIM syndrome to guide physicians for more 
reliable diagnosis when the definite genetic anal-
ysis is not performed yet. Since warts are a late 
complication of whim syndrome, we suggest not 
to consider it as a main component for diagnosing 

WHIM syndrome. Considering the importance 
of immediate and precise diagnosis of congeni-
tal immunodeficiency disorders in the pediatric 
population, we emphasize performing genetic 
analysis early in our workup to confirm the defi-
nite diagnosis instead of relying on phenotypical 
presentations of the patient.
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