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Introduction

Pneumocystis jirovecii is a common cause of pneumonia
(PCP) in patients with acquired immune deficiency syn-
drome (AIDS) and can also occur concurrently with pul-
monary tuberculosis (TB).1 Patients undergoing allogeneic
transplantation are severely immunosuppressed and have
low CD4 counts, similar to those with severe human
immunodeficiency virus (HIV) infection. The immune de-
ficiency is further worsened in patients treated for graft-
versus-host disease (GVHD). We recently encountered

double pneumonia (PCP and Mycobacterium tuberculosis)
in a patient who had GVHD. Traditionally, medical stu-
dents have been taught to synthesize all possible symp-
toms into a single diagnosis. “Occam’s razor” (“entities
should not be multiplied without necessity”) is often
quoted to reinforce this point.2 Notable exceptions to
this rule are geriatric and immunosuppressed patients.
An alternate rule is the “Hickam’s dictum” (“A man can
have as many diseases as he well pleases”).3 This case is
presented as an essential learning point for practicing
physicians.
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Abstract Double pneumonia with Pneumocystis jirovecii (PCP) and Mycobacterium tuberculosis
(MTB) has been reported in patients with acquired immune deficiency syndrome.
A similar immune-suppressed state exists in allogeneic transplant survivors treated for
graft-versus-host disease (GVHD). The clinical features and imaging findings could be
quite similar in both the etiologies. Reaching a timely diagnosis and initiation of
appropriate therapy is essential to prevent complications. We report a patient who had
concurrent PCP and MTB pneumonia while on treatment for chronic GVHD. We
describe the diagnostic challenge, the treatment, and outcome of this patient. We
intend to sensitize physicians to consider more than one etiology in this subset of
patients.
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Case Report

A 33-year-old lady was diagnosed with BCR-ABL-positive B
cell-acute lymphoblastic leukemia (ALL) in July 2019. Induc-
tion chemotherapy was started, and she achieved remission
with undetectable measurable residual disease. Six months
later (February 2020), she underwent allogeneic stem cell
transplantation (10/10 HLA-matched sibling donor). She
received Fludarabine–Busulfan conditioning and GVHD pro-
phylaxis with cyclosporine andmethotrexate. She developed
grade 2 gut acute GVHD, which initially responded to ste-
roids. Unfortunately, there was a GVHD recurrence (gut,
liver) after 4 months (June 2020), which was steroid-resis-
tant but responded to ruxolitinib (August 2020). She contin-
ued imatinib in the posttransplant period.

In February 2021 (dayþ340; medications: ruxolitinib
5mg twice daily, imatinib 300mg once daily, cotrimoxazole
prophylaxis), she presented with fever and fatigue. There
were no localizing symptoms and no active GVHD. Blood
cultures were sterile. Blood counts were normal, and cyto-
megalovirus DNA was undetectable. She was treated with
azithromycin for presumed respiratory infection and
responded. However, 2 weeks later (Dþ354), she presented
with progressive shortness of breath, anorexia, and worsen-
ing fever. There was no cough or expectoration. Chest imag-
ing showed right-sided pleural effusion (mild) and bilateral
consolidation (►Fig. 1A). Though the possibility of pulmo-
nary TB was suggested, pleural fluid tests (adenosine deami-
nase, smear for acid-fast bacilli, cartridge-based nucleic acid
amplification test [CBNAAT], cultures, and cytology) were
negative for TB. We deferred empirical antituberculosis
treatment (ATT) and gave another course of oral antibiotics
for presumed bacterial infection. Imatinib, ruxolitinib, and
cotrimoxazole prophylaxis were continued. However, dys-
pneaworsened, fever persisted, and she developed tachycar-
dia, tachypnea with diffuse crepitations. Arterial blood gas
analysis showed hypoxia (partial pressure of oxygen: 80mm
Hg) and respiratory alkalosis. A high-resolution computed
tomography (HRCT) scan of the thorax showed bilateral
nodular and patchy consolidation with a “tree-in-bud” ap-
pearance (►Fig. 1B). The differential diagnoses considered
were pulmonary TB, atypical pneumonia, fungal pneumonia,
reactivation of GVHD, and post-transplant lymphoprolifer-
ative disorder. Diagnostic bronchoscopywith bronchoalveolar

lavage (BAL) was planned. BAL cytology and galactomannan
were negative. The CBNAAT of the BAL fluid was positive for
rifampicin-sensitive Mycobacterium tuberculosis (later, the
BAL culture also grew ycobacterium tuberculosis [MTB]),
and we started 4-drug ATT.

However, even after aweek, therewas no improvement in
the hypoxia, and she continued to have a high-grade fever.
We started prednisolone (1mg/kg), considering the possibil-
ity of lung GVHD. Though the fever persisted, this led to rapid
improvement in hypoxia. The persistence of fever despite the
ATT and the improvement with steroids suggested the
possibility of dual infection like PCP. This was confirmed
by the BAL fluid PCR which was positive for P. jirovecii.
Immediately, we started therapeutic dose cotrimoxazole
and continued steroids and ATT. Within 24hours, the fever
resolved, and the patient showed improvement in appetite
and general condition. After 28 days, cotrimoxazole was
stopped. Steroids were tapered and stopped after further 3
weeks. Repeat imaging after 4 weeks showed significant
radiological clearance (►Fig. 1C).

Discussion

Despite advances in supportive care, infections are the
primary cause of death in 8% of autologous and 17 to 20%
of patients undergoing allogeneic hematopoietic stem cell
transplantation (HSCT).4 Pneumonia is the most common
infection after stem cell transplantation and is associated
with high mortality.5 Suppression of cell-mediated immuni-
ty occurs in allogeneic HSCT recipients due to the condition-
ing regimens, immunosuppressive drugs, and GVHD. The
reduction in CD4 T cells makes themprone to develop TB and
PCP infections.6 In allotransplant survivors, the median time
of onset of PCP was 169 days, and TB was 452 days.7 Though
concurrent PCP and MTB pneumonia have been reported in
patients with AIDS, we believe that this is the first report of
this in a post-transplant patient.

PCP is caused by the fungus P. jirovecii and is predominantly
seen in patients with HIV-AIDS and low CD4 counts.8 Immu-
nocompetent individuals may have asymptomatic lung colo-
nization and may spread the pathogen to immunosuppressed
patients.9 Among HIV-negative patients, use of glucocorti-
coids, defects in cell-mediated immunity, hematologic malig-
nancies, and organ transplantation are risk factors for PCP.10

Fig. 1 Radiological findings in the patient. At the time of diagnosis, the chest radiograph showed mild right pleural effusion (1a), while the
computerised tomography images (1b) revealed bilateral parenchymal involvement with patchy consolidation. Imaging done 4 weeks after (1c)
treatment with ATT and cotrimoxazole showed radiological clearance.
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After thestartofwidespreaduseofcotrimoxazoleprophylaxis,
the incidence of PCP in allogeneicHSCT patients has decreased
dramatically (from 16% in the 1980s to 1–2.5% in recent
times).11 However, PCP in non-HIV patients is generally
more severe. Allogeneic transplant patients with PCP have
highermortality than the other subsets of patients.12 Interest-
ingly, PCP has also been reported in the setting of immune
restitution disease, possibly a pre-existing infection being
unmasked by reducing immunosuppression.13 The incidence
ofTB inHSCTpatientshasbeen reported tovary from0.001% in
developed countries to>10% in developing countries.14 TBhas
been reported to be more frequent in allogeneic than autolo-
gous recipients.15Lung is themostcommonlyaffectedorgan in
50 to 100% of patients.16 Extrapulmonary and disseminated
presentation are exceedingly common, especially in patients
who develop chronic GVHD due to the suppressed T cell
function.17 The reportedmortality of TB pneumonia in alloge-
neic recipients can be as high as 50% making it essential to
suspect TB early and initiate therapy.18

The characteristic chest radiograph findings in PCP are
diffuse, bilateral, interstitial infiltrates predominantly in the
perihilar region. Less common patterns are lobar infiltrates,
nodules, cavitations, and pneumatocoeles.19 In the initial
stages, when the chest radiographs are normal, HRCT scans
of the thorax may show ground-glass opacities or small cystic
lesions.20 The radiology findings in TB in transplant patients
are variable. Focal infiltrates, miliary pattern, nodules, or
pleural effusion are common, while the classic cavitary
changes are unusual.21 CT scans may show consolidation,
nodules, tree-in-bud appearance, and ground-glass opaci-
ties.22 Thus, in these severely immunosuppressed patients,
the radiological features of PCP and MTB pneumonia can
overlap, making coinfection diagnosis impossible without
microbiological support. Bilateral, perihilar predominant,
patchy ground-glass opacities may indicate PCP, while hilar
and mediastinal lymphadenopathy and pleural effusions may
point toward TB.23 The best investigative modality for the
diagnosis is BAL that is safe, minimally invasive, reproducible,
andwith a diagnostic yield comparable to lung biopsy.24PCR is
themost sensitive test to diagnose pneumocystis, especially in
non-HIV patients where the cyst burden is low.25 Compared
with culture, CBNAAT for TB has sensitivity of 84% and
specificity of 99% for respiratory samples in smear negative
cases.26 False positive CBNAAT reports can occur with history
of recent TB, less mycobacterial DNA per PCR cycle threshold,
and a chest radiograph not suggestive of active TB. Hence,
culture remains the gold standard for detection of TB.27

The additive immunosuppression due to chronic GVHD,
ruxolitinib, and imatinib might have contributed to the
double infection in our patient. Ruxolitinib suppresses T
cell function by reducing their ability to produce proinflam-
matory cytokines.28 Imatinib has also been found to be
immunosuppressive, especially T cell function.29 Among
allogeneic transplant patients developing PCP beyond
9 months, 79% had ongoing chronic GVHD. Infections may
occur despite being on cotrimoxazole prophylaxis; this may
reflect reduced adherence, improper dosing, or even resis-
tance.30 The strength of this study is to sensitize the physi-

cian to consider multiple differentials for lung infiltrates in
an immunocompromised setting. The weakness is that we
could not assess for alternate causes of immunosuppression
like low CD4 or immunoglobulin levels.

Conclusions

We present this case to highlight the possibility of multiple
infections in immunosuppressed patients. The diagnosis in
these cases requires a consistent effort involving various
departments.
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