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Bridging diagnosis of a rare hematological disorder through genetic testing in a young girl
with persistent panleukopenia

A 9-year-old girl was referred for evaluation of fever for 2 months without any systemic complaints. She
was first born to a non-consanguineously married couple with no significant family history. She had past
history of 3 episodes of pneumonia requiring intravenous antimicrobials and hospital admissions. She was
noted to have panleukopenia in her blood counts and underwent bone marrow examination twice (reported
as normal). However, in view of recurrent infections and chronic persistent leukopenia, she was referred
to our center. Systemic examination was unremarkable. Laboratory investigations showed persistently low
total white cell counts (TLC) (table 1). Repeat bone marrow aspiration showed hypercellular marrow with
no atypical cells. With a suspicion of underlying inborn error of immunity (IEI), genetic analysis was done
which showed a heterozygous novel mutation in exon 1 of CXCR4 (c.1012C>T, p. Arg338Ter). A fresh
and detailed re-look at the bone marrow aspirate revealed evidence of myelokathexis (Fig. 1). A diagnosis
of Warts, Hypogammaglobulinemia, Infections and Myelokathexis syndrome (WHIMS) was made and she
was treated with 1 μg /kg/day of subcutaneous granulocyte colony-stimulating factor (G-CSF) therapy for
2 weeks and prophylactic dose of co-trimoxazole (5 mg/kg/day). Since there was not much improvement in
cell counts, G-CSF was gradually hiked to 5 μg /kg/day. After hiking of dose, her TLC started improving
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(supplemental figure S1). At 10 months of follow up, she has normal leukocyte counts and there has been
no breakthrough infections.

Discussion:

WHIMS is an autosomal dominant IEI caused by a gain of function mutation in CXC chemokine receptor 4
(CXCR4) 1. CXCR4 chemokine receptor binds to its ligand CXCL-12 and has a role in leukocyte trafficking,
signaling, survival and proliferation 2. Clinical spectrum of WHIMS includes recurrent infections, suscep-
tibility to human papilloma virus (HPV) infection, and immunodeficiency characterized by neutropenia,
hypogammaglobulinemia, and lymphopenia.

Common hematological manifestations observed in WHIMS include neutropenia, lymphopenia, and mild
thrombocytopenia3,4. Neutrophils are typically sequestered within the bone marrow that show myeloid
hyperplasia and cytoplasmic abnormalities like vacuolization, chromatin hyper condensation and hyper seg-
mented nuclei, traditionally labelled as myelokathexis 3.

Because of rarity of this condition, WHIMS is often overlooked and missed by hematologists during the
evaluation of panleukopenia or neutropenia 5. In majority of centers, CXCR4 is not included in the panel
for genetic evaluation of leukopenia/ neutropenia. Our patient was evaluated for chronic leukopenia for
months elsewhere. The bone marrow examination also missed myelokathexis and genetic testing finally
clinched the diagnosis of WHIMS.

Treatment involves antimicrobial therapy, removal of warts and immunoglobulin replacement in patients
with hypogammaglobulinemia. Leucocyte mobilizing agents like G-CSF and specific CXCR-4antagonists
like plerixafor are advised in patients with severe neutropenia and recurrent infections 6. Definitive cure
strategies include allogenic hematopoietic stem cell transplant and gene therapy 4 .

In conclusion, WHIMS is an important differential diagnosis to be considered in evaluation of leukopenia
in childhood. A careful look at marrow for myelokathexis or a genetic work-up can clinch the diagnosis of
WHIMS in children with leukopenia. Genetic confirmation is essential for counselling of the affected families.
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Legends to Figure 1 : Bone marrow aspirate smears of patient with WHIMS (A) neutrophils (arrows)
showing abnormal nuclear lobation with presence of extremely thin chromatin threads connecting the nuclear
lobes (Magnification 40x); (B) similar neutrophils (magnification 100x).
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Legends to Supplemental Figure S1 : Trend of total leucocyte count, absolute neutrophil count and
absolute lymphocyte count after GM-CSF therapy
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