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Abstract
Histoplasmosis is an endemic fungal infection that can lead to disseminated disease, especially
in immunosuppressed patients. Hairy cell leukemia is a rare, slow-growing hematological
malignancy. Concurrence of histoplasmosis and hairy cell leukemia is extremely rare. We
describe a 69-year-old male who presented with fever, dry cough, pancytopenia, multiple
pulmonary nodules, and massive splenomegaly. Histoplasma urinary antigen was positive and
disease was confirmed by biopsy of lung lesions. Peripheral smear showed ‘hairy cells’, and
bone marrow biopsy revealed findings of hairy cell leukemia. The patient was treated with
intravenous amphotericin, followed by oral itraconazole. After the initial treatment of
infection, treatment for hairy cell leukemia was started with cladribine. We will discuss the
principles of treating disseminated histoplasmosis in the setting of immunosuppression, and
hairy cell leukemia with coexisting infection.
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Introduction
Histoplasmosis is the leading mycosis in terms of prevalence, hospitalization and mortality in
the USA [1]. It is endemic in the regions of Ohio and Mississippi river valley in the USA.
However, parts of Mexico, Central America and South America also have an increased incidence
[2,3]. Transmission of histoplasmosis is classically associated with soil contaminated with bird
or bat guano. Therefore, farming, and exposure to chicken coops, caves, old demolished
buildings or areas where trees are cut down may lead to an increased risk of exposure [2]. Hairy
cell leukemia is a rare hematological malignancy with an annual incidence of only around 1000
cases in the USA [4]. Infectious complications in hairy cell leukemia are common and
potentially life-threatening. Most of the fungal infections are caused by Aspergillus and
Candida in the setting of neutropenia from the leukemia itself, or myelosuppression from the
chemotherapy [5]. However, to the best of our literature review, there are only two detailed case
reports with concurrent hairy cell leukemia and disseminated histoplasmosis. Even after
accounting for the cases reported in some large studies, the number is still estimated to be less
than 10 [6, 7].

We present a case of disseminated histoplasmosis in a patient with previously undiagnosed
hairy cell leukemia. We will discuss the principles of treating disseminated histoplasmosis in
the setting of immunosuppression, and treating hairy cell leukemia with a coexisting active
infection.

Case Presentation
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A 69-year-old male with past medical history of hypertension presented with two weeks of
worsening dyspnea, dry cough, and intermittent fevers up to 102 F (38.9 C). He also reported
poor appetite, night sweats and mild left upper quadrant discomfort for two weeks. The patient
had a small meat-packing plant in Upstate New York. In addition to the cattle meat, he also
packaged game meat of moose, caribou and deer. He also kept cattle, horse, dogs, cats and
chicken on his farm. Travel history was significant for a recent trip to Missouri a few months
ago. He also had history of hiking trips and recreational visits to caves within the last one year.
The patient was a life-long non-smoker, non-alcoholic with no illicit drug use. On physical
exam, he had evidence of conjunctival pallor, scleral icterus, scattered rhonchi in bilateral lung
fields and prominent splenomegaly.

Initial workup is as follows: Complete blood count (CBC) revealed pancytopenia with a white
cell count of 2700/µl, absolute neutrophil count of 900/µl, hemoglobin (Hb) 7.4 g/dl, platelets
89,000/µl, mean corpuscular volume (MCV) 100; peripheral smear showed relative
lymphocytosis, some leukocytes with spiculations and cytoplasmic projections consistent with
“hairy cells” (Figure 1); raised inflammatory markers showed erythrocyte sedimentation rate
(ESR) 120 mm/hr, C-reactive protein (CRP) 119 mg/L, ferritin 2492 ng/ml; elevated liver
enzymes with hyperbilirubinemia showed alanine transaminase (ALT) 134, aspartate
transaminase (AST) 129, alkaline phosphatase (ALK) 333 units/L, bilirubin 2.6 mg/dl; chest X-
ray revealed numerous bilateral hazy opacities (Figure 2); CT chest revealed mild hilar
lymphadenopathy, multiple nodular lesions at least 12 in each lung, up to 2.5 cm in
diameter (Figure 3); CT abdomen and pelvis showed severe splenomegaly, craniocaudal
dimension of 20 cm (Figure 4).

FIGURE 1: Peripheral smear showing leukocytes with
spiculations and cytoplasmic projections consistent with
“hairy cells” in both the figure panes.
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FIGURE 2: Chest X-ray showing multiple hazy opacities.

2020 Khan et al. Cureus 12(1): e6825. DOI 10.7759/cureus.6825 3 of 9

https://assets.cureus.com/uploads/figure/file/94358/lightbox_52271f3035c011ea8c5b0ffcc7a41c65-Xray-with-arrowheads.png


FIGURE 3: CT scan of the chest revealing numerous lung
nodules seen in both lungs at multiple levels as demonstrated
in the figure panes (see arrowheads).
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FIGURE 4: CT abdomen demonstrating severe splenomegaly,
craniocaudal length of almost 20 cm.

Based on patient’s presentation and preliminary workup, differential diagnosis included
disseminated infections as well as hematological malignancies. We also considered that there
might not be one unifying diagnosis per se, and patient could have an infectious process on top
of an underlying malignancy that is causing the immunosuppression. Suspicion for
autoimmune vasculitides was low, although they were also accounted for in the workup.

Based on the epidemiology, and frequent exposure to soil, animals and caves, testing for
specific pathogens was done:

Histoplasma urinary antigen was positive at 6.75 ng/ml (Test measured levels between 0.4-19
ng/ml. Results <0.4 were reported as positive below limit of quantification, >19 were reported as
positive above the limit of quantification).

Blastomyces urinary antigen and Cryptococcus serum antigen were negative. Francisella
tularensis serology, Coxiella burnetii PCR, Galactomannan and Fungitell assay for Aspergillus,
and testing for tick-borne illnesses (including Lyme, anaplasmosis, babesiosis) were negative.
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Blood and urine culture for bacteria and fungi, human immunodeficiency virus (HIV) p24
antigen, quantiferon-TB and testing for hepatitis A, B and C was negative.

Bone marrow biopsy demonstrated extensive CD20 positive B-cell lymphoma in a diffuse and
interstitial pattern comprising approximately 50% of the marrow core. The neoplastic B-cells
were positive for CD20, BRAF, CD25, CD123, CYCLIN D1 and Annexin A1. Reticulin stain
demonstrated mild (1+) reticulin fibrosis. Bone marrow aspirate flow cytometric analysis
revealed a kappa restricted B cell population (17%) positive for CD19, CD20, CD22, HLA-DR,
FMC7, CD25, CD11c and CD103 and negative for CD10 and CD5. No expanded blast population
was detected (see Figure 5). These findings along with the cells with cytoplasmic projections in
the peripheral blood were consistent with “hairy cell leukemia”. Bronchoalveolar lavage (BAL)
showed chronic inflammatory cells, and sparse bronchial epithelial cells. No viral cytopathic
effect was present. Gomori Methenamine-Silver (GMS) demonstrated rare, equivocal, poorly
preserved yeast-like forms. Since the BAL was indeterminate, video-assisted thoracoscopic
wedge biopsy of the lung was done. It revealed nodular organizing pneumonia with extensive
fibrinous exudates, increased histiocytes, chronic inflammation, and edema. Non-necrotizing
granulomas with central suppurative necrosis and numerous fungal yeast forms consistent with
Histoplasma were found (see Figure 6). c-ANCA, p-ANCA, atypical ANCA and ANA were
negative.

FIGURE 5: Bone marrow biopsy.
Panel A is periodic acid–Schiff (PAS) stained image showing diffuse involvement of the bone
marrow with loosely spaced medium-sized cells with oval indented nuclei and no distinct nucleoli;
panel B shows that the cells are diffusely positive for CD20; panel C shows positivity for CD25; and
panel D demonstrates that the cells are positive for mutation-specific BRAF V600E (BRAF valine to
glutamic acid mutation) antibody. Overall, the morphology and staining pattern is consistent with
hairy cell leukemia.
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FIGURE 6: Lung biopsy.
Panel A shows hematoxylin and eosin (H&E) stained lung lesion consisting of granulomatous
reaction with caseation. Panel B1 and B2 reveal Gomori methenamine silver (GMS) stained
aggregates of intracellular yeast-like organisms with narrow-based budding consistent with
Histoplasma capsulatum (GMS stains fungal cell walls as black, see arrows).

The patient was empirically started on intravenous liposomal amphotericin after the initial CT
findings and positive urinary histoplasma antigen. The diagnosis was confirmed by the lung
biopsy and amphotericin was continued. Once the diagnosis of hairy cell leukemia was
confirmed with bone marrow biopsy, it was decided to defer the treatment of leukemia given
presence of active infection. After three weeks of treatment with amphotericin, the patient was
transitioned to oral itraconazole and will be continued on it for at least one year. The patient
had gradual clinical improvement. Histoplasma urinary antigen level decreased significantly (to
<.5 ng/ml). Eight weeks after the initial presentation, he was started on cladribine for the
treatment of hairy cell leukemia. He remained in close outpatient follow-up with both
infectious disease and hematology. He showed great response to the treatment of both the
Histoplasmosis and hairy cell leukemia with significant improvement in the symptoms over the
next few months. At 14 months from the initial presentation, the patient has completed the
antifungal treatment and the leukemia is in remission.

Discussion
This case is an interesting example of epidemiology providing decisive clues about the
diagnosis. From a clinical standpoint, features of histoplasmosis and hairy cell leukemia may
overlap. Constitutional symptoms like fatigue, fever, night sweats, weight loss and anorexia,
and clinical findings including splenomegaly, hepatomegaly, pancytopenia, lymphadenopathy,
pulmonary infiltration and bony involvement can occur in both hairy cell leukemia and
disseminated histoplasmosis [2,8]. In our patient, the clinical presentation had a cumulative
effect of both the diseases.

Disseminated histoplasmosis in the setting of immunosuppression should be treated initially
with intravenous liposomal amphotericin B for one to two weeks, followed by oral itraconazole
for at least one year [9]. Liposomal formulation of amphotericin has shown better outcomes
than the deoxycholate formulation [10]. If itraconazole is not tolerated, other antifungal agents
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like fluconazole, posaconazole, voriconazole or isavuconazole can be considered, although data
on Isavuconazole is very limited [9,11]. Nevertheless, echinocandins (like micafungin) should
never be used since they are ineffective against histoplasma [12].

One of the biggest challenges encountered in the treatment of hairy cell leukemia is the
presence of an active infection. It is recommended to effectively treat the infection first before
any myelosuppressive therapies like cladribine are instituted [13-15]. In some cases, interferon
alpha can be used to improve the granulocyte count first, so as to enable the antibacterial or
antifungal agents to be more effective [13,16]. Filgrastim may also have a beneficial role in the
setting of severe neutropenia and active infection at diagnosis [17]. However, filgrastim showed
no benefit in reducing the episodes of neutropenic fever in patients who did not have an
infection at the time of initiation of treatment with cladribine [18]. Pentostatin has been used
in a large study where the effect of infection at registration on the achievement of complete
remission was ‘statistically’ not significant. Nevertheless, the complete remission rate was still
lower in the infected patients (68%) as compared to the non-infected group (78%). Therefore,
same strategy of infection control prior to the initiation of therapy is recommended [13,19].
Risk of infectious complications with newer agents like vemurafenib (BRAF serine‐threonine
kinase inhibitor) is a subject that needs further investigation [14].

Conclusions
Epidemiology and environmental exposures should serve as useful clues, especially in case of
rare clinical presentations. In case of disseminated mycoses, attempt should be made to
identify an underlying cause of immunosuppression, like malignancy, HIV/AIDS or medications
like tumor necrosis factor alpha (TNF-α) inhibitors. Disseminated histoplasmosis in the setting
of immunosuppression should be treated with intravenous liposomal amphotericin B for 1-2
weeks, followed by oral itraconazole for at least one year. Effective treatment of active infection
should be ensured before initiation of myelosuppressive therapy for hairy cell leukemia.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All
authors have declared that there are no other relationships or activities that could appear to
have influenced the submitted work.

References
1. Chu JH, Feudtner C, Heydon K, Walsh TJ, Zaoutis TE: Hospitalizations for endemic mycoses: a

population-based national study. Clin Infect Dis. 2006, 42:822-825. 10.1086/500405
2. Wheat LJ, Azar MM, Bahr NC, Spec A, Relich RF, Hage C: Histoplasmosis. Infect Dis Clin

North Am. 2016, 30:207-227. 10.1016/j.idc.2015.10.009
3. Scully MC, Baddley JW: Epidemiology of histoplasmosis. Curr Fungal Infect Rep. 2018, 12:51-

58. 10.1007/s12281-018-0309-x
4. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet MS: Lymphoma incidence

patterns by WHO subtype in the United States, 1992-2001. Blood. 2006, 107:265-276.
10.1182/blood-2005-06-2508

5. Kraut EH: Clinical manifestations and infectious complications of hairy-cell leukaemia . Best
Pract Res Clin Haematol. 2003, 16:33-40. 10.1016/S1521-6926(02)00085-3

6. Weeks E, Jones CM, Guinee V, Shallenberger R, Sarosi GA, Bunnell PA: Histoplasmosis in hairy

2020 Khan et al. Cureus 12(1): e6825. DOI 10.7759/cureus.6825 8 of 9

https://dx.doi.org/10.1086/500405
https://dx.doi.org/10.1086/500405
https://dx.doi.org/10.1016/j.idc.2015.10.009
https://dx.doi.org/10.1016/j.idc.2015.10.009
https://dx.doi.org/10.1007/s12281-018-0309-x
https://dx.doi.org/10.1007/s12281-018-0309-x
https://dx.doi.org/10.1182/blood-2005-06-2508
https://dx.doi.org/10.1182/blood-2005-06-2508
https://dx.doi.org/10.1016/S1521-6926(02)00085-3
https://dx.doi.org/10.1016/S1521-6926(02)00085-3


cell leukemia: case report and review of the literature. Ann Hematol. 1992, 65:138-142.
10.1007/BF01695814

7. Arora N, Mishra A, Santra P, Nair R: Hairy cell leukemia with ascites and coexistent
histoplasmosis. Indian J Pathol Microbiol. 2015, 58:125-126. 10.4103/0377-4929.151215

8. Quest GR, Johnston JB: Clinical features and diagnosis of hairy cell leukemia . Best Pract Res
Clin Haematol. 2015, 28:180-192. 10.1016/j.beha.2015.10.017

9. Wheat LJ, Freifeld AG, Kleiman MB, Baddley JW, McKinsey DS, Loyd JE, Kauffman CA: Clinical
practice guidelines for the management of patients with histoplasmosis: 2007 update by the
Infectious Diseases Society of America. Clin Infect Dis. 2007, 45:807-825. 10.1086/521259

10. Johnson PC, Wheat LJ, Cloud GA, et al.: Safety and efficacy of liposomal amphotericin B
compared with conventional amphotericin B for induction therapy of histoplasmosis in
patients with AIDS. Ann Intern Med. 2002, 137:105-109. 10.7326/0003-4819-137-2-
200207160-00008

11. Thompson GR, Rendon A, Ribeiro Dos Santos R, et al.: Isavuconazole treatment of
cryptococcosis and dimorphic mycoses. Clin Infect Dis. 2016, 63:356-362. 10.1093/cid/ciw305

12. Hage CA, Connolly P, Horan D, et al.: Investigation of the efficacy of micafungin in the
treatment of histoplasmosis using two North American strains of Histoplasma capsulatum.
Antimicrob Agents Chemother. 2011, 55:4447-4450. 10.1128/AAC.01681-10

13. Grever MR, Lozanski G: Modern strategies for hairy cell leukemia . J Clin Oncol. 2011, 29:583-
590. 10.1200/JCO.2010.31.7016

14. Grever MR, Abdel-Wahab O, Andritsos LA, et al.: Consensus guidelines for the diagnosis and
management of patients with classic hairy cell leukemia. Blood. 2017, 129:553-560.
10.1182/blood-2016-01-689422

15. Grever MR: How I treat hairy cell leukemia . Blood. 2010, 115:21-28. 10.1182/blood-2009-06-
195370

16. Troussard X, Cornet E: Hairy cell leukemia 2018: update on diagnosis, risk-stratification, and
treatment. Am J Hematol. 2017, 92:1382-1390. 10.1002/ajh.24936

17. Andrey J, Saven A: Therapeutic advances in the treatment of hairy cell leukemia . Leuk Res.
2001, 25:361-368. 10.1016/S0145-2126(00)00090-4

18. Saven A, Burian C, Adusumalli J, Koziol JA: Filgrastim for cladribine-induced neutropenic
fever in patients with hairy cell leukemia. Blood. 1999, 93:2471-2477.
10.1182/blood.V93.8.2471

19. Grever M, Kopecky K, Foucar MK, et al.: Randomized comparison of pentostatin versus
interferon alfa-2a in previously untreated patients with hairy cell leukemia: an intergroup
study. J Clin Oncol. 1995, 13:974-982. 10.1200/JCO.1995.13.4.974

2020 Khan et al. Cureus 12(1): e6825. DOI 10.7759/cureus.6825 9 of 9

https://dx.doi.org/10.1007/BF01695814
https://dx.doi.org/10.1007/BF01695814
https://dx.doi.org/10.4103/0377-4929.151215
https://dx.doi.org/10.4103/0377-4929.151215
https://dx.doi.org/10.1016/j.beha.2015.10.017
https://dx.doi.org/10.1016/j.beha.2015.10.017
https://dx.doi.org/10.1086/521259
https://dx.doi.org/10.1086/521259
https://dx.doi.org/10.7326/0003-4819-137-2-200207160-00008
https://dx.doi.org/10.7326/0003-4819-137-2-200207160-00008
https://dx.doi.org/10.1093/cid/ciw305
https://dx.doi.org/10.1093/cid/ciw305
https://dx.doi.org/10.1128/AAC.01681-10
https://dx.doi.org/10.1128/AAC.01681-10
https://dx.doi.org/10.1200/JCO.2010.31.7016
https://dx.doi.org/10.1200/JCO.2010.31.7016
https://dx.doi.org/10.1182/blood-2016-01-689422
https://dx.doi.org/10.1182/blood-2016-01-689422
https://dx.doi.org/10.1182/blood-2009-06-195370
https://dx.doi.org/10.1182/blood-2009-06-195370
https://dx.doi.org/10.1002/ajh.24936
https://dx.doi.org/10.1002/ajh.24936
https://dx.doi.org/10.1016/S0145-2126(00)00090-4
https://dx.doi.org/10.1016/S0145-2126(00)00090-4
https://dx.doi.org/10.1182/blood.V93.8.2471
https://dx.doi.org/10.1182/blood.V93.8.2471
https://dx.doi.org/10.1200/JCO.1995.13.4.974
https://dx.doi.org/10.1200/JCO.1995.13.4.974

	Disseminated Histoplasmosis with Concurrent Hairy Cell Leukemia
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Peripheral smear showing leukocytes with spiculations and cytoplasmic projections consistent with “hairy cells” in both the figure panes.
	FIGURE 2: Chest X-ray showing multiple hazy opacities.
	FIGURE 3: CT scan of the chest revealing numerous lung nodules seen in both lungs at multiple levels as demonstrated in the figure panes (see arrowheads).
	FIGURE 4: CT abdomen demonstrating severe splenomegaly, craniocaudal length of almost 20 cm.
	FIGURE 5: Bone marrow biopsy.
	FIGURE 6: Lung biopsy.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


