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SUMMARY
Pulmonary infection is a leading cause of morbidity and mortality in renal
transplant recipients. In a prospective study, we characterized their epidemiology in a tropical country with high infectious disease burden. Adult
renal transplant recipients presenting with pulmonary infections from 2015
to 2017 were evaluated using a specific diagnostic algorithm. 102 pulmonary infections occurred in 88 patients. 32.3% infections presented in
the first year, 31.4% between 1 and 5, and 36.3% beyond 5 years after
transplantation. Microbiological diagnosis was established in 69.6%, and
102 microorganisms were identified. Bacterial infection (29.4%) was most
common followed by tuberculosis (23.5%), fungal (20.6%), Pneumocystis
jiroveci (10.8%), viral (8.8%), and nocardial (6.9%) infections. Tuberculosis(TB) and bacterial infections presented throughout the post-transplant
period, while Pneumocystis (72.7%), cytomegalovirus (87.5%) and nocardia (85.7%) predominantly presented after >12 months. Fungal infections
had a bimodal presentation, between 2 and 6 months (33.3%) and after
12 months (66.7%). Four patients had multi-drug resistant(MDR) TB. In
16.7% cases, plain radiograph was normal and infection was diagnosed by
a computed tomography imaging. Mortality due to pulmonary infections
was 22.7%. On multivariate Cox regression analysis, use of ATG (HR-2.39,
95% CI: 1.20–4.78, P = 0.013), fungal infection (HR-2.14, 95% CI: 1.19–
3.84, P = 0.011) and need for mechanical ventilation (9.68, 95% CI: 1.34–
69.82, P = 0.024) were significant predictors of mortality in our patients.
To conclude, community-acquired and endemic pulmonary infections predominate with no specific timeline and opportunistic infections usually
present late. Nocardiosis and MDR-TB are emerging challenges.
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Background
Infections after renal transplantation have been conventionally described to follow a temporal pattern stratified
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as [1] 0–1 months—increased risk of donor derived
and nosocomial infections [2] 2–6 months—opportunistic infections are common due to high level of
cumulative immunosuppression, and [3] beyond
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6 months—usually community-acquired infections are
expected as level of maintenance immunosuppression is
lower [1]. Changing immunosuppression protocols have
contributed to a significant improvement in short-term
graft and patient survival at the risk of a parallel
increase in the risk of infections [2,3]. The implementation of multiple prophylaxis strategies over the years
has also influenced the timeline of infections.
Pulmonary infections form a major subgroup in the
infectious disease spectrum in renal transplant recipients
[4–8]. It is the predominant cause of infection-related
mortality in these patients. Early diagnosis and treatment are essential for improving the outcome. A wide
range of bacterial, mycobacterium, fungal, viral, and
parasitic organisms can cause pulmonary infections.
Often they present with nonspecific signs and symptoms. Recognizing infectious disease patterns can guide
the diagnostic approach and empirical antimicrobial
therapy thereby thus improving patient outcomes. There
is a dearth of studies describing clinical, radiological,
and microbiological features of pulmonary infections in
renal transplant recipients particularly in tropical, lowand middle-income countries (LMIC) where the overall
burden of infections is high. Most of the literature published till date pertains to data obtained retrospectively
or in an era when less potent immunosuppression protocols were in use [9–15].
Therefore, we conducted this prospective observational study aiming to delineate the clinical, radiological, and microbiological profile of pulmonary infections
in renal transplant recipients and to develop a diagnostic algorithm for these patients.

Study design
This prospective study was conducted in the nephrology
department of a tertiary care public hospital. Around
150 patients undergo renal transplantation annually at
our center and we have about 2500 patients on regular
follow-up. We included all adult (age ≥18 years) renal
transplant recipients who presented with a pulmonary
infection between 2015 and 2017. Pulmonary infection
was defined as per guidelines as a constellation of suggestive clinical features like fever, cough with or without
sputum or respiratory distress, a demonstrable infiltrate
on chest X-ray or CT scan with or without supporting
microbiological evidence of infection [16].
Demographic details like native kidney disease, comorbidities like pretransplant diabetes, chronic viral
infections (hepatitis B, hepatitis C) and other co-current
infections, donor details, induction and maintenance
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immunosuppression, new-onset diabetes after transplantation (NODAT), and transplant vintage were noted
from the records. Information was also obtained about
the history of treatment with additional immunosuppression for episodes of acute rejection and/or recurrent/ denovo glomerular disease in the 6 months
preceding the pulmonary infection.
In our center, we use IL2 receptor blockers (currently
basiliximab) or anti-thymocyte globulin (ATG) as
induction therapy at the time of transplantation, individualized to patients’ immunological risk profile based
on cell-dependent cytotoxicity (CDC) and flow cytometry crossmatch tests combined with assays for panel
reactive antibodies (PRA) and donor-specific antibodies
(DSA). Patients getting a first transplant with a wellmatched (at least haplo-match) related donor with no
PRA and negative flow crossmatch receive no induction.
Basiliximab is used in case of all spousal donors, donors
with more than ≥4 HLA mismatch, current moderate
PRA or low DSA with well-matched living related transplant, and B-cell-positive flow crossmatch. ATG is used
in all deceased donor transplants and with a living
donor if current PRA ≥50%, T-cell-positive flow crossmatch, and high historical PRA.
All patients received calcineurin inhibitors (CNI)-cyclosporine/tacrolimus, mycophenolate mofetil (MMF) or
azathioprine and prednisolone (20 mg/day). In the initial
1 month, we target tacrolimus trough level (C0) of 10–
15 ng/ml and cyclosporine C2 level of 1200–1800 ng/ml.
Steroid is tapered to a maintenance dose of 5.0–
7.5 mg/day by the end of 3–4 months and MMF to 1.0–
1.5 g/day by 6 months. By the end of 6 months, tacrolimus dose is adjusted to target trough level of 3–6 ng/ml
and C2 level for cyclosporine is adjusted to 800–1000 ng/
ml. For this study, high CNI level was defined as levels
higher than defined during the 1 month prior or at the
time of presentation with the infection. All patients
received cotrimoxazole (trimethoprim: 80 mg and sulfamethoxazole: 400 mg) prophylaxis for at least 6 months
after transplant. Till the time of this study, cytomegalovirus (CMV) prophylaxis was given for 6 months to only
to D+R
(donor CMV IgG positive and recipient
seronegative) transplant recipients or if the induction
immunosuppression included ATG. We have subsequently switched to a universal CMV prophylaxis strategy
with oral valganciclovir 450 mg once daily for 6 months.
We do not have a routine BK virus surveillance protocol.
Any patient who presented with fever, cough, breathlessness, chest pain, and/or weight loss was evaluated for pulmonary infection. All patients with clinical suspicion
underwent a plain radiograph of the chest. A noncontrast
Transplant International 2021; 34: 525–534
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high-resolution computerized tomography (HRCT) scan
of the thorax was done in most patients unless they had
significant clinical improvement within 24 h. If the
patient was producing sputum, it was sent for culture
analysis. Additionally, basic blood investigations including complete blood counts, renal function tests, liver
function tests, and blood cultures were sent and empiric
antimicrobial therapy was started. Initial empiric therapy
usually comprised of a beta lactam (either piperacillin-tazobactam or cefoperazone + sulbactam) with or without
azithromycin. We avoid empiric use of fluoroquinolones
due to the high prevalence of tuberculosis (TB).
If patients did not improve or deteriorated in the next
24–48 h, they underwent a detailed procedural evaluation
as shown in Fig. 1 for specific microbial identification.
Candidiasis was considered as a diagnosis only if identified on broncho-alveolar lavage (BAL) fluid or biopsy
analysis in a patient with radiology suggestive of a fungal
infection and/or presence of other evidence of disseminated candidiasis. Patients were followed up for outcome
till hospital discharge or death. The study was approved
by the institute ethics committee and adhered to the
guidelines recommended by the Istanbul declaration.
Written informed consent was taken from all the patients.

Fisher exact test. Nonparametric Wilcoxon rank sum
test was comparing continuous variables. For risk factors for mortality analysis, two groups were made, episodes resulting in mortality or no mortality.
Multivariate Cox regression model was used to evaluate
risk factors for mortality due to pulmonary infections.

Statistical analysis

Clinical profile of post-transplant pulmonary
infections

Data analysis was performed with STATA 14.1 software.
Continuous variables were expressed as mean  standard deviation or medians with range. Categorical variables were compared with Pearson chi-square test or

Results
One hundred and two episodes of pulmonary infections
were managed in 88 patients during the study period.
Baseline characteristics of study participants are shown in
Table 1. The mean age of the patients was
37.7  10.7 years (range 18–63), and 70 (79.6%) were
males. All the patients had undergone ABO compatible
transplantation, and none had received pretransplant
desensitization therapy. None of the patients gave history
of smoking after transplantation but their pretransplant
smoking status was not known. None of the patients had
a history of bronchial asthma, chronic obstructive airway
disease, or any other chronic pulmonary illness. 44
patients received induction immunosuppression with IL2R antagonists (31, 35.2%) or ATG (13, 14.8%). The
maintenance immunosuppression is shown in Table S1.

Median duration of symptoms prior to presentation to
hospital was 7 days (range 1–150 days). Figure 2 enumerates the common presenting symptoms of the

Figure 1 Diagnostic approach to renal transplant recipients with pulmonary infections.
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Table 1. Baseline characteristics of study participants.
Characteristics

N = 88

Age (in years), mean  SD (range)
Male gender (%)
Living donor (%)
Live related (%)
Spousal (%)
Live unrelated (authorized) (%)
Deceased donor (%)
Second transplant (%)
HLA Mismatch ≥ 4/6 (%) (n = 80)
Pretransplant diabetes (%)
Hypertension (%)
Basic kidney disease
Diabetic kidney disease (%)
Structural abnormalities (%)
Glomerular diseases (%)
Tubulointerstitial diseases (%)
Others* (%)
Unclassified (%)
Dialysis vintage in months
(n = 83), median (range)
Pretransplant tuberculosis (%)
Pretransplant HCV infection (%)
Treated (%)
Pretransplant HBV infection (%)
Induction
No induction (%)
IL-2R antagonists (%)
Anti-thymocyte globulin (%)
Acute rejection (%)
Acute cellular rejection (%)
Antibody-mediated rejection (%)
Mixed rejection (%)
Additional immunosuppression
for rejection or recurrent disease (%)
New (%)
Cotrimoxazole prophylaxis (%)
Antiviral prophylaxis (%)
Previous infection-related
hospitalization (%)
Previous CMV viremia/infection

37.7  10.7
70
81
53
20
8
7
2
28
5
78

(18–63)
(79.6)
(92.1)
(60.3)
(22.7)
(9.1)
(7.9)
(2.3)
(35.0)
(5.7)
(88.6)

4
4
3
4
3
70
10

(4.5)
(4.5)
(3.5)
(4.5)
(3.5)
(79.5)
(1–120)

11
14
8
4

(12.5)
(15.9)
(53.3)
(4.5)

44
31
13
21
15
3
3
24

(50.0)
(35.2)
(14.8)
(23.9)
(17.1)
(3.4)
(3.4)
(27.3)

26
88
20
44

(29.6)
(100.0)
(22.7)
(50.0)

14 (15.9)

*Acute cortical necrosis(n=1) and acute kidney injury progressing to CKD(n=2).

patients with fever (84.3%) and cough (72.6%) being
the most common complaints. Mean serum creatinine
at presentation was 2.9  2.1 mg/dl, and hemoglobin
was 9.9  2.3 g/dl. 25.5% of the infectious episodes
were associated with leukocytosis (total leukocyte count
>10 000/cu.mm3) and 16.7% with leukopenia (total
leukocyte count <4000/mm3). Thrombocytopenia (platelet counts <150 000 cu.mm) was present in 40.2%
patients.
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Timeline of clinical presentation
Median time to occurrence of post-transplant pulmonary infection (PTPI) was 35.5 months (range 0.5–
281 months). The time of clinical presentation is shown
in Fig. 3. Three episodes (2.9%) occurred in the first
month following transplant. Thirty episodes (29.4%)
occurred between 2 and 12 months post-transplant, of
which 19 (18.6%) occurred between 2 and 6 months
and 11 (10.8%) between 7 and 12 months post-transplant. 32 (31.4%) and 37 (36.3%) episodes occurred 1–
5 and >5 years post-transplant, respectively.

Microbiological profile of infections
Microbiological diagnosis was established in 71 (69.6%)
episodes, of which a single causative agent was identified in 46 (64.8%) and 25 (35.2%) had polymicrobial
etiology. 102 microorganisms were identified in these
patients. Bacterial infection was the most frequent, seen
in 30 (29.4%) cases. Fungal infections were diagnosed
in 21 (20.6%) and TB in 24 (23.5%) cases. Pneumocystis
jiroveci was detected in 11 (10.8%), viral in 9 (8.8%),
and nocardial infections in 7 (6.9%), cases respectively.
Figure 4 shows the timeline of presentation of the infections identified. The clinical characteristics of these
infections are shown in Table S2.

Bacterial infections
Median time to occurrence of bacterial infection from
the time of transplant was 28.5 months (range 1–
147 months). Klebsiella (n = 12) and Pseudomonas
aeruginosa (n = 10) were the most common agents.
Escherichia coli (n = 4), Citrobacter spp. (n = 2), Acinetobacter spp. (n = 2), Enterobacter species (n = 2), and
methicillin-resistant Staphylococcus aureus (n = 1) were
the other organisms detected. Sputum culture was positive in five episodes, BAL culture in 16 cases, both sputum and BAL culture in six episodes, and blood culture
in three episodes. In 3 of the 6 episodes in which both
sputum and BAL cultures were positive, same organism
was cultured, while the other three were mixed infections (E. coli + Citrobacter, Klebsiella + Citrobacter,
Psuedomonas + E. coli).

Tuberculosis
There were 24 cases of TB, of which four were multidrug-resistant (MDR). Median time to occurrence of
TB from the time of transplant was 49 months (range
Transplant International 2021; 34: 525–534
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Figure 2 Presenting features of post-transplant pulmonary infection symptoms.

40

37

35

32

Number of cases

30
25
19

20
15

11
10
5

3

0
0-1

2-6

7-12

>12-60

>60

Time since transplant(months)
Figure 3 Timeline of onset of pulmonary infections.

3–281 months). Of the 24 cases, four were sputum positive, 11 were BAL fluid positive, and two were both
sputum and BAL positive. TB was diagnosed by lung
biopsy in three cases, pleural fluid analysis in 2, and
endobronchial ultrasound-guided transbronchial node
aspiration (EBUS-TBNA) in one case. Both lung biopsy
and BAL were positive in one patient.

to Aspergillus species, and 8 (38.1%) were Candida species; there were 2 (9.5%) cases of pulmonary mucormycosis and 1 (4.7%) each of Histoplasmosis and
Cryptococcosis. Two cases of pulmonary Mucormycosis
and one each of Cryptococcosis and Histoplasmosis
were identified by lung biopsy.

Pneumocystis jiroveci pneumonia
Fungal infections
Twenty-one cases showed a fungal etiology. Median
time to occurrence of fungal infection from the time of
transplant was 21 months (range 2–206 months). 7
(33.3%) presented 2–6 months and 14 (66.7%) beyond
12 months after transplantation. Nine (42.5%) were due
Transplant International 2021; 34: 525–534
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There were 11 cases of Pneumocystis jiroveci pneumonia
(PJP) and they were diagnosed by PCR testing of BAL fluid
or lung biopsy. Median time of occurrence of PJP from the
time of transplant was 18 months (range 10–89 months). 8
(72.7%) cases presented 12 months after transplantation.
There were four cases of PJP and CMV co-infection.
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Figure 4 Timeline of infections according to etiology.

Viral infections
A viral etiology was identified in nine cases (8.8%), of
which eight were due to CMV and one was due to Varicella. Median time to occurrence of viral pneumonia
from the time of transplant was 19 months (range 10–
102 months). 7 (87.5%) cases with CMV infection presented more than 12 months after transplantation. All
cases of CMV pneumonia were detected by CMV PCR
testing of BAL fluid. Blood CMV PCR was also positive
in 6 of the 8 episodes. The single case of Varicella pneumonia was associated with classical skin lesions showing
viral inclusion bodies on Tzanck smear.

Nocardiosis
Nocardiosis was diagnosed in 7 (6.9%) cases. Median
time to occurrence from the time of transplant was
44 months (range 3–204 months). 6 (85.7%) cases presented after the first year of transplantation. Diagnosis
was established in three cases by BAL fluid analysis and
in four cases by lung biopsy.

Mixed (polymicrobial) infections
In 25 cases, more than one etiological agent was isolated.
Out of these, four etiological agents were detected in one
episode, 3 in 8 episodes, and 2 in 18 episodes (Table S3).

Radiological features of pulmonary infections
The chest X-ray showed evidence of infection in 83.3%
episodes and was noncontributory in 16.7% cases where
a noncontrast high-resolution computed tomography
(HRCT) scan of thorax was required for diagnosis.
530

HRCT was performed in 97 out of the 102 episodes
(95.1%) and all showed abnormality. The type of lesions
seen on CT scan is mentioned in Table S4. None of the
radiological patterns were specific for any underlying
microbial infection.

Diagnostic yield of various modalities
Out of the 39 cases in which sputum analysis was possible,
there was a diagnostic yield in 20 (51.3%). Bronchoscopy
with BAL fluid analysis was performed in 77 (75.4%) cases,
with a positive yield in 49 (63.6%). Lung biopsy was done
in 17 (16.7%) with no complication, and it was diagnostic
in 11 (64.7%). Endobronchial ultrasound with transbronchial node aspiration (EBUS-TBNA) was diagnostic in
1 out of the 4 cases in which it was performed.

Outcome of pulmonary infections in renal transplant
recipients
Shock requiring inotropic support developed in 26
(21.5%) and mechanical ventilation was required in 18
(17.7%) episodes. In 21 (20.6%) cases, the patients
needed dialysis due to acute graft dysfunction. Both the
patients with pulmonary mucormycosis underwent surgical intervention, lobectomy, and wedge resection,
respectively.
Twenty of the 88 patients died due to the pulmonary
infection (22.7%). A single infectious agent was detected
in 9 (Bacteria-4, Tuberculosis-4, Pneumocystis jiroveci-1),
7 had polymicrobial etiology, and no microbial diagnosis
could be established in four cases (Fig. 5). Hypotension
requiring inotropic support was observed in 18 (17.6%),
mechanical ventilation was required in 21 (20.5%), and
hemodialysis in 21 (20.5%) infection episodes. 18
Transplant International 2021; 34: 525–534
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Figure 5 Mortality due to pulmonary infections as per etiology.

(20.5%) patients had progressive worsening of graft function following pulmonary infection. Six patients (6.8%)
returned to dialysis though five of them had pre-infection
S. creatinine >3.0 mg/dl. Eight patients (9.1%) died with
a functioning graft. On multivariate Cox regression analysis, use of ATG (HR-2.39, 95% CI: 1.20–4.78,
P = 0.013), fungal infection (HR-2.14, 95% CI: 1.19–
3.84, P = 0.011), and need for mechanical ventilation
(9.68, 95% CI: 1.34–69.82, P = 0.024) were significant
predictors of mortality in our patients.

Discussion
Infections are a major cause of morbidity and mortality
after renal transplantation [2,3,6,8]. The use of CNIand MMF-based immunosuppression protocols has
helped in improving short-term graft survival in the last
few decades. However, there has been a corresponding
increase in the risk of infections which is further amplified in tropical and low- and middle-income countries
where the overall infectious disease burden is high. A
plethora of microorganisms can cause pulmonary infections in renal transplant recipients and are associated
with varied presentations. In 27.3% cases, our patients
had been treated for either acute rejection or recurrent/denovo glomerular disease during the 6 months
preceding the pulmonary infection. This was significantly higher than our overall acute rejection rate of
around 11% [8] clearly indicating the increased susceptibility to infections in patients requiring additional
immunosuppression at any time after the transplantation. Diabetes is an established risk factor for infections.
Though only 5.7% of our patients had pretransplant
diabetes, 29.6% were diagnosed with NODAT before
developing pulmonary infection. History of at least one
previous infection-related hospitalization was present in
Transplant International 2021; 34: 525–534
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50.0%, whereas history of previous CMV infection
which is known to increase the risk of opportunistic
infections was present in 15.9 % (Table 1).
Infections are common in the first 6–12 months after
transplantation [1–8], and in earlier studies, almost half
of the pulmonary infections occur during this period. 10–
25% of post-transplant pulmonary infections have been
found to occur in the first month after surgery being
attributed to the risk of nosocomial transmission and initial high level of immunosuppression [13–15]. However,
this temporal pattern has changed [17] which was also
observed in our cohort. Median time to onset of infection
was 35.5 months (range 0.5–281 months) which was
much later as compared to our previous study
(11.6 months, range: 0.03–166 months) [15]. Only 2.9%
cases in our study presented in the first month after transplantation. More than 60% of the cases presented beyond
the first year after transplantation with 36.3% presenting
>5 years after transplantation. This change in timeline of
infections may be due to higher level of cumulative
immunosuppression attributed to MMF and tacrolimusbased maintenance immunosuppression and concomitant use of prophylaxis protocols which delays the incidence of some opportunistic infections in the early posttransplant months. This may be further potentiated in
geographies where the overall exposure to infections is
high in the community and the population density leads
to increased risk even in the late post-transplant period.
We are a government-aided public hospital which predominantly caters to patients with a weak socioeconomic
background as described previously [8] that may translate
to crowded and unsanitary living conditions which may
further impact the incidence and spectrum of the infections. 84% of our cases had fever, 72% had cough, and
only 38% were producing sputum. About 25% patients
had other nonspecific features like chest pain and weight
loss. Transplant patients should be evaluated for a pulmonary infection when they present with only fever and/
or weight loss even in the absence of specific pulmonary
symptoms. Plain radiograph of the chest did not reveal
any obvious abnormality in 16.7% of cases which were
subsequently diagnosed with CT scan. If the index of clinical suspicion is high, we should proceed with a CT scan
in a patient with normal chest X-ray [18] as a delay in
diagnosis may lead to a fatal outcome. Wide variety of
findings were noted on CT, and the variety and complexity of radiological findings have been described previously
[18,19]. However, CT manifestations of pulmonary infections caused by different pathogens were diverse and lacking any characteristic signs. We could establish a
microbiological diagnosis in 69.6% cases which is similar
531
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to other studies [13–15,17,18]. Using our diagnostic
approach (Fig. 1), more than 80% of our patients underwent an invasive diagnostic procedure with no significant
procedural complication. It would be prudent to practice
a low threshold for early invasive diagnostic evaluation as
a delay in diagnosis can lead to rapid deterioration and
poor outcomes in immunocompromised patients. Bacterial infections are the predominant cause of pneumonia
in renal transplant recipients [10,12–15] and this was also
evident in our study (29.4%). They occurred throughout
the post-transplant course highlighting the susceptibility
of immunocompromised patients to community-acquired infections. Gram-negative bacteria were the commonest subtype in our study, which is similar to most
other reports [12–15]. 23.5% of our cases were diagnosed
with TB which was significantly higher than other studies
from developed countries where TB is not endemic [13–
15,20]. Like bacterial infections, TB did not show any
temporal distribution. This high prevalence of TB presenting in the late post-transplant period has also been
reported from other centers in India and Brazil
[4,10,12,21–23] and reflects the endemicity and high burden of this infection in these communities. There were
four cases of MDR-TB, probably the highest number
reported in any transplant series till date. The emergence
of drug-resistant TB in the transplant population [24]
poses a unique challenge as most drugs used for treatment have significant nephrotoxicity. Use of fluoroquinolones for empiric treatment of infections should be
avoided to prevent emergence of MDR-TB.
We found an increase in fungal infections from 9%
[12] to 20.6% which may be indicative of increase in
the net of level of maintenance immunosuppression.
Fungal isolates in pulmonary infections vary from 17%
to 30% cases in other centers from India. Aspergillus
and Candida species were the most frequent infections
in our study [19,25–27]. Fungal infections were seen in
the 2- to 6-month period when the patient is profoundly immunosuppressed and then in the late posttransplant period (beyond 12 months) probably due to
environmental exposures.
The incidence of PJP has decreased from 27.3% [12]
to 10.8% at out center. Universal prophylaxis with cotrimoxazole was introduced from April 2002, initially for
3 months and then extended to 6 months. Currently, it
is given for 12 months and continued lifelong in patients
who have received potent induction therapy, require
higher level of maintenance immunosuppression or antirejection treatment. So the incidence of this infection has
not only decreased but it also presents late after cessation
of prophylaxis with only three cases presenting in the first
532

12 months which has also been observed at other centers
[26–29]. CMV was the most common etiology for viral
infections and predominantly presented late (beyond
12 months). We had seven cases of nocardial infection
which has been rarely reported from other centers
[15,30]. They presented in the late post-transplant period. Pulmonary infection is the most common clinical
manifestation of nocardiosis. Nocardia spp. is recognized
as one of the most under-diagnosed and emerging opportunistic pathogens in the world. Use of immunosuppression is a risk factor, and low-dose cotrimoxazole does not
prevent infection. The mortality rate in our patients was
22.7%. Pulmonary infections are associated with a high
risk of mortality in immunocompromised patients and
this has been seen in all transplant cohorts [6–8]. Use of
ATG, fungal infection, and the need for mechanical ventilation were significant predictors of mortality in our
study. Despite being a prospective study, it had some limitations. The most important was the lack of a control
group. Hence, risk factors for pulmonary infections could
not be ascertained. Long-term outcomes of pulmonary
infections could not be assessed due to the study design.
The incidence of TB was high compared to developed
countries probably since TB is endemic in India. Despite
these limitations, this study gives a comprehensive overview about pulmonary infections in the current era.
Transplant recipients may not always present with lungspecific findings and presence of fever and weight loss
should prompt an evaluation for a pulmonary infection.
The timeline and epidemiology of pulmonary infections
have changed with the current immunosuppression protocols and prophylaxis strategies. Majority of the pulmonary infections present beyond the first year after
transplantation. Community-acquired bacterial and
endemic infections like TB predominate and they do not
follow a specific timeline. Infections like PJP and CMV
commonly present late after cessation of prophylaxis
therapy. Under-diagnosed opportunistic infections like
nocardiosis are being increasingly identified. MDR-TB is
an emerging challenge in endemic geographies. We
should follow a step-wise diagnostic approach incorporating invasive diagnostic modalities for timely etiological
diagnosis in these patients.
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