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ABSTRACT
Persistent Neutropenia in a child presents a wide differential diagnosis, spanning the spectrum of benign disorders (such as congenital neutropenia, cyclic neutropenia, etc.) to malignant processes (such as myelodysplasia or
acute leukemia). The morphologic findings in the bone marrow of a patient with neutropenia may show considerable overlap with those seen in hematopoietic malignancies. We present herein a case that demonstrates this
overlap and discuss features that can help in avoiding diagnostic pitfalls.
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1. Clinical History
The patient is a 7-month-old female who was presented
with cheek cellulitis and a fever. She had a history of
labial abscess at 2 months of age. The initial complete
blood count (CBC) upon admission revealed a normal
white blood cell count with an absolute neutrophil count
(ANC) of 207/µL, no anemia, and a mild thrombocytosis
(platelet count 509,000/µL). Additional testing included
a reticulocyte count of 4.2%, unremarkable B- and Tlymphocytes by flow cytometry, normal immunoglobulin
levels by serum protein electrophoresis, normal lactate
dehydrogenase (LDH) and uric acid levels, normal pancreatic function tests, and anti-neutrophil antibody (ANA)
negativity. Subsequent CBCs over a 5-day period, listed
in Table 1, are notable for worsening absolute neutropenia.
Despite appropriate antibiotic therapy, the cheek cellulitis did not resolve. The lack of clinical improvement, as
well as persistent neutropenia, prompted a bone marrow
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evaluation (Figure 1).
Cell immunophenotyping by flow cytometry showed
increased cells in the lymphoblast/myeloblast region
(Figure 2).

2. Questions
1) What is the most likely diagnosis?
2) What tests would you recommend to further establish the diagnosis?

3. Answers
1) Congenital neutropenia characterized by myeloid
hypoplasia with maturation arrest at the promyelocyte
stage and an increase in hematogones.
2) Testing for HAX1 (HCLS1-associated protein X-1)
and ELANE (Elastase, Neutrophil Expressed or ELA2)
gene mutations was recommended. The patient was
found to be positive for ELANE mutation. Serial CBCs
demonstrated persistent neutropenia without a cyclic
pattern, confirming the diagnosis of severe congenital
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neutropenia (SCN) with ELANE mutation.

4. Discussion
4.1. Bone Marrow Findings (Figures 1 and 2)
Bone marrow evaluation showed 60% cellularity and
myeloid hypoplasia with maturation arrest at the promyelocyte stage. Early myeloid precursors were relatively increased; however, the M:E ratio was still decreased (0.7:1). Megakaryocytes were mildly increased
in number with normal morphology. An iron stained aspirate smear showed abundant iron deposits with no ring
sideroblasts. There was no evidence of granulomatous
inflammation or metastatic tumor. Immunophenotypic
analysis by flow cytometry detected increased cells in the
blast region, which were most consistent with hematogones.
Immunohistochemical staining for TdT, CD10, CD19,
and CD34 showed scattered positive cells. In situ hybridization staining for Epstein-Barr virus-encoded small
RNA (EBER) was negative. Immunoperoxidase staining
was negative for cytomegalovirus (CMV) and parvovirus.
Cytogenetic analysis revealed a normal karyotype, and
FISH was negative for monosomy 5, 5q deletion, monosomy 7, 7q deletion, trisomy 8, and MLL gene rearrangement.

givitis, oral ulcers, skin abscesses, recurrent pneumonia,
or septicemia [1]. Two important entities in the differential diagnosis include (1) autoimmune neutropenia of
infancy, which is associated with a positive ANA and
lacks granulocytic maturation arrest on the bone marrow
specimen, and (2) cyclic neutropenia, which is diagnosed
by serial ANC measurements approximately 2 - 3 days/
week for 6 weeks evaluating for a cyclic pattern of neutropenia.
SCN can be sporadic or inherited, and many underlying genetic aberrations have been implicated in SCN
[2,3]. The most common genetic abnormality detected in
both sporadic and autosomal dominant cases is a mutation in the neutrophil elastase gene (ELANE), which is
detected in ~60%, of SCN patients [4]. ELANE mutations
lead to severe neutropenia via a stress response in the
endoplasmic reticulum, which provokes activation of the
unfolded protein response (UPR), ultimately leading to
apoptosis of myeloid progenitor cells [1]. Mutations in
the HAX1 gene are frequently implicated in autosomal
recessive SCN with variable degrees of neurologic
Table 1. Patient’s CBC data over the initial hospitalization
period.
Day of
admission

WBC Count
(K/µL)

Hemoglobin
(g/dl)

Platelets
(K/µL)

ANC
(per µL)

4.2. Severe Congenital Neutropenia (SCN)

1

6.9

10.4

509

207

Severe congenital neutropenia (SCN) was initially described by Kostmann as an autosomal recessive disorder
in an isolated population in Sweden [1]. SCN is clinically
characterized by severe neutropenia (ANC < 200/µL)
and resultant bacterial and fungal infections from early
infancy. Untreated patients may suffer from chronic gin-

2

6.4

9.5

389

64

3

8.8

9.7

462

0

4

5.9

9.3

465

0

5

5.0

9.0

437

0

ANC = Absolute Neutrophil Count.

Figure 1. Bone marrow biopsy and aspirate smear. A: Cellular bone marrow biopsy with mildly increased megakaryocytes,
H & E (200×); B: Bone marrow biopsy with myeloid hypoplasia and relatively increased erythroid precursors, H & E (500×);
C: Aspirate smear showing myeloid maturation arrest at promyelocyte stage, Wright-Giemsa (500×); D: Aspirate smear with
relatively increased promyelocytes, some of which show cytoplasmic vacuolization, Wright-Giemsa (1000×); E: TdT immunohistochemistry shows scattered lymphoblasts in the biopsy (200×).
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Figure 2. Flow cytometric analysis of bone marrow specimen. (a): Increased events in the lymphoblast region showing dim
CD45 staining and low side scatter; (b) and (c): The majority of these events show heterogeneous expression of CD34, CD10,
and CD19 and lack CD33, consistent with hematogones.

impairment. Lastly, SCN can be seen in association with
additional congenital abnormalities due to underlying
disorders of ribosomal dysfunction (Shwachman-Diamond syndrome and dyskeratosis congenita); of metabolism (reticular dysgenesis, Barth syndrome, glycogen
storage disease type 1b, glucose-6-phosphatase catalytic
subunit 3 syndrome, and Pearson syndrome); of vesicular
transport (Chediak-Higashi syndrome, Cohen syndrome,
Griscelli syndrome type II, Hermansky-Pudlak syndrome
type II, and p14 deficiency); and disorders of immune
function (cartilage-hair hypoplasia, hyper-IgM syndrome,
Schimke immuno-osseous dysplasia, WHIM syndromeWHIM is an acronym for Warts, Hypogammaglobulinemia, Infections and Myelokathexis; and Wiskott-Aldrich
syndrome) [1].

4.3. Clinical Management and
Disease Progression
Data collected by the Severe Chronic Neutropenia International Registry (SCNIR) demonstrate that more than
95% of patients with SCN respond to recombinant human (rHu) G-CSF [1,2]. The goal is an ANC of
≥1000/µL, at which point the occurrence of bacterial
infections is markedly reduced. Additionally, prophylactic antibiotics are useful for decreasing the risks of bacterial infections [3]. SCN patients have a significant risk
of developing a myelodysplastic syndrome (MDS) and/or
acute myeloid leukemia (AML) [1,2]. The cumulative
incidence of leukemia among patients with SCN has
OPEN ACCESS

ranged from 10% - 20% [1]. It is unclear if this neoplastic progression reflects the natural disease course of SCN
following sequential gain of mutations or if it is secondary to chronic G-CSF therapy [1]. Development of MDS/
AML is frequently associated with additional genetic
abnormalities such as monosomy 7 and a G-CSF receptor
mutation [5,6]. At least quarterly CBCs and annual BM
aspirations with cytogenetics is recommended in SCN
patients to evaluate for progression to MDS/AML [1].
Hematopoietic stem cell transplantation (HSCT) remains the only curative therapy for SCN [7]. The absolute indications for HSCT in SCN are a failure to respond
to G-CSF or the development of MDS/leukemia. Patients
who require higher doses of G-CSF with poor neutrophil
response and those who harbor the Gly185Arg mutation
in the ELANE gene should also be considered for HSCT
with the best available donor [7].

4.4. Comments on Common Bone Marrow
Findings in SCN and Potential Pitfalls
The bone marrow in SCN demonstrates normal or
slightly decreased cellularity and normal megakaryocytes
[1,2]. There is usually granulocytic maturation arrest at
the promyelocyte-myelocyte stage. The absolute number
of promyelocytes is increased, and promyelocytes can
have morphologically atypical nuclei as well as cytoplasmic vacuoles. An eosinophilia and monocytosis are
common bone marrow and peripheral blood findings [1].
Additional peripheral blood findings include mild anemia,
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thrombocytosis, and elevated IgG levels. The case presented here had an increased number of bone marrow
precursor B cells, or hematogones. This finding has previously been described in SCN, specifically in Shwachman-Diamond syndrome and ELANE-mutated SCN [8,9].
Although the exact clinical significance is unknown, an
increase in hematogones may represent a regenerative or
compensatory mechanism in the setting of severe neutropenia [9]. Furthermore, an increased hematogone population in the setting of SCN is important to recognize as
a potential diagnostic pitfall since hematogones can simulate blasts. Immunophenotyping and cytogenetic/
FISH analyses are useful in differentiating SCN with
increased hematogones from a hematopoietic malignancy
such as MDS, AML, and ALL.
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5. Conclusion
There is a significant clinical and pathologic overlap between congenital neutropenia and hematopoietic malignancies. Awareness of this fact, along with performing a
complete workup that includes immunophenotyping and
cytogenetic studies, will help avoid potential diagnostic
pitfalls.
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