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【 CASE REPORT 】

Fatal Disseminated Tuberculosis and Concurrent
Disseminated Cryptococcosis in a Ruxolitinib-treated Patient
with Primary Myelofibrosis: A Case Report and Literature

Review

Asuka Ogai 1, Kazuma Yagi 2, Fumimaro Ito 2, Hideharu Domoto 3, Tetsuya Shiomi 2 and
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Abstract:
Ruxolitinib, a Janus kinase inhibitor, improves symptoms in patients with myelofibrosis. However, its asso-

ciation with the development of opportunistic infections has been a concern. We herein report a 71-year-old

man with primary myelofibrosis who developed disseminated tuberculosis and concurrent disseminated cryp-

tococcosis during ruxolitinib treatment. We also reviewed the literature on disseminated tuberculosis and/or

cryptococcosis associated with ruxolitinib treatment. This is the first case of disseminated tuberculosis and

concurrent disseminated cryptococcosis during treatment with ruxolitinib. We therefore suggest considering

not only disseminated tuberculosis but also cryptococcosis in the differential diagnosis of patients with abnor-

mal pulmonary shadows during ruxolitinib treatment.
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Introduction

Primary myelofibrosis (PMF) is a myeloproliferative dis-

order characterized by bone marrow fibrosis, splenomegaly,

and anemia. Ruxolitinib, a selective inhibitor of Janus kinase

(JAK1 and JAK2), was approved for myelofibrosis in 2011

by the US Food and Drug Administration. Specifically,

ruxolitinib improves disease-related splenomegaly and con-

stitutional symptoms (1-4). However, the inhibition of the

JAK-signal transducer and activator of transcription (STAT)

pathway may lead to the dysfunction of cellular immu-

nity (5), which results in decreased production of several

proinflammatory cytokines (4, 6-10). Consequently, various

opportunistic infections related to ruxolitinib treatment have

been reported previously (4, 11-25).

Both disseminated tuberculosis and cryptococcosis some-

times occur in immunocompromised hosts, such as patients

with human immunodeficiency virus (HIV) (26). However,

there are a limited number of reports on disseminated tuber-

culosis and concurrent cryptococcosis in patients who are

not infected with HIV (27-31).

We herein report the first case of disseminated tuberculo-

sis and concurrent disseminated cryptococcosis during treat-

ment with ruxolitinib. We also provide a review of previ-

ously reported cases of disseminated tuberculosis and cryp-

tococcosis associated with ruxolitinib treatment to further

understand how ruxolitinib affects tuberculosis and crypto-

coccosis.

Case Report

A 71-year-old man with PMF who was treated with

ruxolitinib for 2.5 years presented to our hospital with itchy

erythema for a week on the right side of his neck and a re-

mittent fever for a month (temperature, 37-39 °C). The pa-
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Figure　1.　Chest computed tomography (CT) findings. (A) (B) Chest CT performed at the time of 
the first fever workup (on the eighth hospital day), showing multiple pulmonary micronodules in the 
bilateral lungs. (C) Chest CT performed around the time of oxygen supplementation (on the 13th 
hospital day), showing reticular opacities, infiltration, and ground-glass opacities in the bilateral 
lungs. (D) Chest CT performed on the morning of the patient’s death (on the 22nd hospital day), 
showing reticulation, infiltration, and ground-glass opacities with exacerbation of pleural effusion. 

tient had no diagnosis or treatment history of tuberculosis

and no close contact with anyone recently diagnosed with

tuberculosis. The patient had been diagnosed with myelopro-

liferative disorder six years and seven months before hospi-

talization and also been diagnosed with PMF three years

and six months before hospitalization, as increased argyro-

philic fibers were detected on a bone marrow examination.

The Dynamic International Prognostic Scoring System

(DIPSS) for PMF (32) and refined DIPSS for PMF, which

incorporates prognostic information from the karyotype,

platelet count, and transfusion status (DIPSS plus) (33), at

the time of the diagnosis revealed a score of 3 points

(intermediate-2 risk) and 3 points (intermediate-2 risk), re-

spectively. As the disease status, including the symptoms,

had been stable, the patient had been followed up without

treatment until two and a half years before hospitalization.

Despite a lack of remarkable symptoms, computed to-

mography (CT) performed two and a half years before hos-

pitalization had revealed longitudinal splenomegaly, follow-

ing which ruxolitinib was initiated. Although the disease

status was well-controlled by ruxolitinib, thrombocytopenia

progressed about a year later. Two months before the admis-

sion, blood transfusions had been initiated for worsening

anemia and thrombocytopenia with leukocytosis.

On admission, the patient had no respiratory symptoms.

His body temperature was 37.3 °C, and his percutaneous

oxygen saturation was 97% on room air. Except for the

characteristic shingles rash on his right neck and arm, the

findings on a physical examination were unremarkable.

Laboratory data revealed anemia (hemoglobin 7.8 g/dL),

thrombocytopenia (13,000 cells/μL), and leukocytosis

(149,500 cells/μL) with 28% polymorphonuclear cells, 3.5%

lymphocytes, and 1.5% blast cells on the day of hospitaliza-

tion. The levels of alkaline phosphatase (607 U/L) and lac-

tate dehydrogenase (668 U/L) were elevated, and the level

of C-reactive protein was 0.46 mg/dL. HIV antibodies were

undetectable. The DIPSS and DIPSS plus at the time of the

admission revealed scores of 6 points (high risk) and 8

points (high risk), respectively, which were much higher

than those at the time of the diagnosis.

First, intravenous administration of acyclovir was initiated

for herpes zoster virus infection. On the fourth hospital day,

the shingles rash became crusted, and acyclovir was admin-

istered for a total of seven days. On the seventh hospital

day, the patient suddenly developed a high fever (39 °C).

Although he had no other symptoms, a urine test performed

as a workup for the fever showed pyuria. He was clinically

diagnosed with urinary tract infection, and intravenous am-

picillin/sulbactam (6 g/day) was administered as empiric an-

tibiotic therapy.

Chest CT performed on the eighth hospital day revealed

multiple pulmonary micronodules with a random pattern in

the bilateral lungs (Fig. 1A, B). We suspected disseminated

tuberculosis as a differential diagnosis. Despite abnormal
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Figure　2.　Clinical course of the present case. ABPC/SBT: ampicillin/sulbactam, ACV: acyclovir, 
BT: body temperature, CT: computed tomography, Hb: hemoglobin, HU: hydroxyurea, PC: platelet 
concentrates, PIPC/TAZ: piperacillin/tazobactam, Plt: platelet, RCC: red cell concentrates, SpO2: 
saturation of percutaneous oxygen, WBC: white blood cell 

shadows on chest CT, he had no respiratory symptoms, and

oxygen saturation was maintained on room air. Acid-fast

staining of sputum was performed three times, with all re-

sults being negative. In addition, acid-fast staining of the

urine, stool, and bone marrow specimens yielded negative

results. Blood culture for acid-fact bacilli was also per-

formed, and the result was negative at the time.

The enzyme-linked immunospot assay for interferon-γ (T-

SPOT TB) revealed borderline results (equivocal, 5-7 spots).

Although conventional blood cultures, sputum culture tests,

and additional laboratory tests, such as those for the serum

β-D-glucan level, galactomannan of Aspergillus fumigatus,

and Cytomegalovirus antigen, were also performed for dif-

ferential diagnoses, all findings were unremarkable. The an-

tigen test for Cryptococcus neoformans was not performed

initially. The risk of uncontrollable bleeding - due to throm-

bocytopenia unresponsive to transfusion - made it difficult to

perform invasive examinations, such as bronchoscopy or

sampling from the gastric lavage fluid.

At the time, ruxolitinib or the progression of PMF was

also suspected as a cause of his fever. Therefore, the treat-

ment for PMF was changed from ruxolitinib to hydroxyurea

on the 10th hospital day. On the 13th hospital day, his respi-

ratory condition gradually deteriorated, and his percutaneous

oxygen saturation became 94% while receiving 2 L/min of

oxygen via a nasal cannula. Chest CT performed on the

13th day revealed reticulation, infiltration, and ground-glass

opacity with traction bronchiectasis in the upper lobe of the

bilateral lungs (Fig. 1C). Since the patient still needed blood

transfusions more frequently due to worsening anemia and

thrombocytopenia with leukocytosis, treatment with hy-

droxyurea was discontinued on the 17th hospital day.

The respiratory condition of the patient was relatively sta-

ble while receiving 1 L/min of oxygen via a nasal cannula
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Figure　3.　Autopsy findings. (A) Low-power image of the lung shows scattered caseating granulo-
mas indicating miliary tuberculosis [×12.5, Hematoxylin and Eosin (H&E) staining]. (B) High-power 
view of the upper-left black rectangle in part A showing caseating necrosis with a Langhans giant cell 
(×200, H&E staining). (C) High-power view of the lower-right black rectangle in part A showing in-
flammatory thickening of alveolar septa with Cryptococcus in the capillaries (yellow arrows) (×200, 
H&E staining). (D) Positive periodic acid-Schiff staining of Cryptococcus capsules (yellow arrows) 
(×400). (E) Ziehl-Neelsen staining of caseating necrosis showing many acid-fast bacilli (×1000). 

for the next few days. On the 21st hospital day, the patient

began to complain of dyspnea, and his respiratory condition

gradually deteriorated. On the 22nd day, his percutaneous

oxygen saturation was around 90% while receiving 6 L/min

of oxygen via a mask. Chest CT performed on the 22nd day

revealed reticulation, infiltration, and ground-glass opacities

in the bilateral lungs with exacerbation of pleural effusion

(Fig. 1D). His respiratory condition then deteriorated rap-

idly, and the patient ultimately passed away on the same day

due to acute respiratory failure (Fig. 2).

An autopsy revealed many caseating granulomas over the

whole lung field (Fig. 3A, B). Histological features of dif-

fuse alveolar damage, such as fibrinous exudate along the

alveolar septa and septal edema with infiltration of inflam-

matory cells, were also observed (Fig. 3C). In addition,

Cryptococcus was easily identified with clear spaces around

the organisms in the capillaries of the alveolar septa

(Fig. 3C, D) and cytoplasm of histiocytes in the alveoli over

the whole lung field. The capsules of the fungus were peri-

odic acid-Schiff stain-positive. Furthermore, numerous acid-

fast bacilli were identified in the caseating granulomas by

Ziehl-Neelsen staining (Fig. 3E). The autopsy findings of

the lung showed neither tumor cell infiltration with obvious

extramedullary hematopoiesis nor tumor emboli/thrombi.

Likewise, mycobacteriosis-related caseating and non-

caseating granulomas and proliferating Cryptococcus were

observed in the liver, spleen, mediastinal and retroperitoneal

lymph nodes (Fig. 4A), bone marrow, and peritoneal surface

(Fig. 4B). In addition, numerous Cryptococcus were identi-

fied in the heart, spleen, adrenal glands, and thyroid but

lacked the associated inflammatory reactions. Consequently,

systemic co-infection of tuberculosis and cryptococcosis was

confirmed by a histological examination.

On the 14th day after the patient’s death, solid media cul-

ture and polymerase chain reaction (PCR) of sputum (col-

lected 6 days before death) were found to be positive for M.
tuberculosis. Furthermore, blood and urine culture for acid-

fast bacilli collected seven and six days before death also

yielded positive results five and four weeks after his death,

respectively. The results of PCR of these specimens were

also found to be positive for M. tuberculosis. As a result, we

concluded that the direct cause of death was acute respira-

tory failure with diffuse alveolar damage caused by dissemi-

nated tuberculosis and concurrent disseminated cryptococco-

sis.

Discussion

We presented an autopsy case of fatal disseminated tuber-

culosis with concurrent disseminated cryptococcosis in a pa-

tient with PMF who had been treated with ruxolitinib. To

our knowledge, this is the first case of disseminated tubercu-

losis and concurrent disseminated cryptococcosis following

treatment with ruxolitinib.
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Figure　4.　High-power microscopic images of autopsy find-
ings. (A) Lymph node in the hepatoduodenal ligament contain-
ing non-caseating granulomas (open black arrows) and prolif-
eration of Cryptococcus (closed black arrow) [×100, 
Hematoxylin and Eosin (H&E) staining]. Inset: high-power 
view of the open black arrow shows Cryptococcus (×400). (B) 
Peritoneum containing non-caseating granulomas (open black 
arrows) and proliferation of Cryptococcus (closed black arrow) 
(×100, H&E staining). Inset: high-power view of the open black 
arrow shows Cryptococcus (×400). 

Ruxolitinib is a selective inhibitor of JAK1 and JAK2. It

was approved in 2011 for treating PMF based on the find-

ings from clinical trials that demonstrated not only a pro-

longed survival but also improved constitutional symptoms

and spleen size in patients with PMF (1-4, 34). However,

some infectious complications associated with ruxolitinib

treatment have been reported (4, 11-25). Dioverti et al. re-

ported a review of 32 cases identified as opportunistic infec-

tions related to ruxolitinib treatment (22). The majority of

the cases involved reactivation of tuberculosis (11 cases,

34%), and cryptococcosis was the most frequently reported

fungal infection (3 cases, 9%).

We also conducted a review of previously reported cases

of disseminated tuberculosis and/or cryptococcosis associ-

ated with ruxolitinib treatment that had clinical information

available (11-24) (Table). Our search revealed nine cases, in-

cluding our case, of disseminated tuberculosis that devel-

oped during ruxolitinib treatment (11-18). In addition, we

found seven cases of cryptococcosis associated with

ruxolitinib treatment, including our case (19-24). Notably,

our report was the only case of both disseminated tuberculo-

sis and disseminated cryptococcosis that developed during

ruxolitinib treatment. The median age at the diagnosis of

disseminated tuberculosis and disseminated cryptococcosis

was 73 and 70 years old, respectively. Seven out of 9 cases

(78%) of disseminated tuberculosis and 7 out of 7 cases

(100%) of disseminated cryptococcosis cases involved men.

The median duration of ruxolitinib treatment before the di-

agnosis was 6 (interquartile range, 4-18) months [dissemi-

nated tuberculosis, 6 (2-14) months; cryptococcosis, 18 (6-

24) months]. Ruxolitinib treatment was discontinued in 8

out of 13 cases (63%), including our case (information was

unavailable in 2 cases), after the diagnosis. Ruxolitinib treat-

ment was gradually discontinued from six days to four

months in four out of the remaining five cases. Furthermore,

5 out of 14 patients (36%) died due to these opportunistic

infections.

Our case suggests that treatment with ruxolitinib can

cause disseminated tuberculosis and disseminated cryptococ-

cosis concomitantly. Treatment with ruxolitinib inhibits the

JAK-STAT signaling pathway and results in reduced cellular

immunity due to decreased STAT-3 and STAT-5 activa-

tion (8). Furthermore, ruxolitinib affects both the differentia-

tion and function of dendritic cells, resulting in inappropri-

ate antigen-specific T-cell activation and reduced cytokine

production (9). It also influences the T-cell function by re-

ducing their number and impairing proinflammatory cy-

tokine production (10). These effects of ruxolitinib might

lead to a high risk of opportunistic infections, such as dis-

seminated tuberculosis and disseminated cryptococcosis. Tu-

berculosis also causes changes in cellular immunity and is

known to be a predisposing factor for developing cryptococ-

cosis (35, 36). Cryptococcosis can also be a predisposing

factor to reactivation or infection with tuberculosis through

the reduced production of tumor necrosis factor-α (37, 38).

Consequently, these effects might have resulted in the dis-

seminated tuberculosis and concurrent disseminated crypto-

coccosis in our case.

In the present patient, although we strongly suspected dis-

seminated tuberculosis as a differential diagnosis, we were

unable to initiate anti-tuberculosis treatment due to the dis-

ease activity of PMF. It might be acceptable to start preemp-

tive anti-tuberculosis therapy prior to a microbiologically or

histologically definitive diagnosis of disseminated tuberculo-

sis after obtaining specimens for mycobacterial culture from

the suspected infected organs or tissues. Furthermore, dis-

seminated cryptococcosis was not diagnosed or suspected

before the death of the patient, since disseminated tuberculo-

sis was highly suspected as the differential diagnosis. In ret-

rospect, this can be considered an anchoring bias, i.e. a cog-

nitive bias associated with diagnostic inaccuracies or subop-

timal management (39). Cryptococcosis, including pulmo-

nary or disseminated cryptococcosis, should be considered

in the differential diagnosis of solitary or multiple pulmo-

nary nodules in the subpleural areas of the lung (40-44). Al-

though cavitary lesions tend to be more commonly observed

in immunocompromised patients, the findings vary among

patients, and consolidation, ground-glass opacity, and reticu-

lar opacity, as well as pulmonary nodules, can be observed

in patients with pulmonary cryptococcosis (40-44). There-
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Table.　Literature Review of Disseminated Tuberculosis and/or Cryptococcosis with Ruxolitinib Treatment in Patients with 
Myeloproliferative Disorders.

Case Reference
Age/

Sex
Region

Underlying 

MPD
Diagnosis Culture

Time from 

initiation of 

ruxolitinib to 

onset of infection

Ruxolitinib 

treatment after 

diagnosis of 

infection

Outcome

#1 11 NA/M Italy PMF Disseminated 

tuberculosis

Inguinal lymph 

node, sputum

2 months Unspecified Unspecified

#2 12 62/M USA PMF Disseminated 

tuberculosis

Bronchoalveolar 

lavage fluid, 

blood

7 weeks Discontinued Alive

#3 13 78/F UK PMF Disseminated 

tuberculosis

Cervical lymph 

node

Unspecified Discontinued Alive

#4 14 78/F France PMF Disseminated 

tuberculosis

Cervical lymph 

node

27 months Continued Alive

#5 15 69/M India PMF Disseminated 

tuberculosis

Cervical lymph 

node

3 weeks Discontinued Alive 

#6 16 73/M Japan PMF Disseminated 

tuberculosis

Sputum, gastric 

lavage fluid, 

blood, and urine

6 months Discontinued Dead

#7 17 73/M France PMF Disseminated 

tuberculosis

Cerebral biopsy 6 months Discontinued Dead

#8 18 80/M Japan PMF Disseminated 

tuberculosis

Sputum, skin 

abscess

10 months 4 months 

continued, 

discontinued

Dead

#9 19 66/M USA PV and 

PMF

Pulmonary 

cryptococcosis

Bronchoalveolar 

lavage fluid

18 months 3 weeks 

continued, 

discontinued, 

and restarted

Alive

#10 20 69/M Taiwan PMF Cryptococcal 

meningoencephalitis

Cerebrospinal 

fluid

46 months Unspecified Alive

#11 21 79/M Japan PMF Pulmonary 

cryptococcosis

Lung 6 months 5 weeks 

continued, 

discontinued

Alive

#12 22 70M United 

States

PMF Disseminated 

cryptococcosis

Blood 3 months Discontinued Dead

#13 23 51/M United 

States

PV Cryptococcal 

meningitis and 

disseminated 

histoplasmosis

Cerebrospinal 

fluid 

18 months Discontinued Alive

#14 24 76/M Japan PMF Cryptococcal 

meningitis

Cerebrospinal 

fluid

5 months 6 days 

continued, 

discontinued

Alive

#15 Ogai et al., 2021 

(current case)

71/M Japan PMF Disseminated 

tuberculosis and 

disseminated 

cryptococcosis

Sputum, blood, 

urine, and 

autopsy*

30 months Discontinued Dead

F: Female, M: Male, MPD: myeloproliferative disorders, NA: not available, PMF: primary myelofibrosis, PV: polycythemia vera

*: Tuberculosis was observed in the lung, liver, spleen, and lymph nodes (mediastinal and retroperitoneal lymph nodes). Cryptococcosis was observed in the 

lung, liver, spleen, lymph nodes (mediastinal and retroperitoneal lymph nodes), heart, adrenals, and thyroid.

fore, it is often difficult to clinically distinguish between dis-

seminated tuberculosis and cryptococcosis. A serum crypto-

coccal antigen test should be considered in addition to

symptoms and radiological findings for the clinical diagno-

sis of cryptococcosis in such settings. As a result, we be-

lieve it is important for clinicians to recognize not only dis-

seminated tuberculosis but also cryptococcosis as a differen-

tial diagnosis when new abnormal shadows appear in lung

fields in patients who are treated with ruxolitinib.

The further accumulation of cases is needed to clarify the

clinical features of disseminated tuberculosis and cryptococ-

cosis related to treatment with ruxolitinib.

We obtained consent from the patient’s family for the publica-

tion of his medical data. Patient privacy was fully protected, and

personal information was handled such that the patient could not

be identified. The study protocol adhered to the tenets of the

Declaration of Helsinki.

The authors state that they have no Conflict of Interest (COI).
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