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Abstract
Purpose One of the rare life-threatening fungal infections is pneumocystis pneumonia (PCP). Immunocompromised 
patients are the main vulnerable population. We investigate the risk factors associated with the development of 
severe PCP infection with acute respiratory failure after kidney transplantation.

Materials and methods This is a retrospective, single-center, case-control study. PCP patients who are kidney 
transplant recipients and required high-flow oxygen support or mechanical ventilation between March 2009 and 
February 2017 were included in the study. The comparison was conducted between the non-severe and severe PCP 
groups. To identify associated risk factors, we performed univariate and multivariate logistic regression.

Results Among the total 2,330 kidney transplant recipients, 50 patients (2.1%) were diagnosed with PCP. Of these, 
27 patients (54.0%) had severe PCP and 7 patients (14.0%) died, all of them were severe PCP patients. In the severe 
PCP group, the time from transplantation to PCP diagnosis (23.4 ± 24.9 months vs. 13.7 ± 9.9 months, p = 0.090) 
was insignificantly faster than in the non-severe PCP group. According to multiple logistic regression analysis, the 
significant risk factors associated with severe PCP were as follows, age (odds ratios (OR) 1.07; 95% confidence intervals 
(CI): 1.01–1.13; p = 0.027), time from transplantation to PCP diagnosis (odds ratios (OR) 0.92; 95% confidence intervals 
(CI): 0.86–0.99; p = 0.024), lymphopenia (OR 6.48; 95% CI: 1.05–40.09; p = 0.044), and history of acute rejection within 1 
year (OR 8.28; 95% CI: 1.29–53.20; p = 0.026).

Conclusion Patients who have lymphopenia at the time of hospital admission or have been recently treated with 
acute rejection are more likely to progress to severe PCP, requiring intensive monitoring and aggressive treatment.
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Introduction
Pneumocystis jiroveci is the responsible organism for 
Pneumocystis pneumonia (PCP), which mainly infects 
immunocompromised patients. In the past, the main 
vulnerable group was patients with human immunodefi-
ciency virus (HIV). However, the increased use of chemo-
therapy or immunosuppressants in solid organ transplant 
recipients leads to an increase in PCP incidence in HIV-
negative patients [1–3].

With recent development in immunosuppressants, 
solid organ transplantation has increased. However, PCP 
occurred most commonly in kidney transplant recipients 
among solid organ transplants [4, 5]. Many investigations 
addressed the clinical outcomes of PCP patients with 
previous kidney transplantation and the associated risk 
factors. Old age, cytomegalovirus (CMV) co-infection, 
type of transplantation, allograft rejection, lymphopenia, 
and type of immunosuppressant were reported as risk 
factors for PCP [6–10].

Trimethoprim-sulfamethoxazole (TMP-SMX), as a 
prophylaxis treatment, had significantly decreased the 
incidence of PCP after kidney transplantation, but mor-
tality rates are still high [5, 9, 11], and PCP incidence 
ranged from 3.6% to 7% [12–14].

The main cause of death among patients with PCP was 
pneumonia aggravation. Despite the development of 
intensive care treatments such as extracorporeal mem-
brane oxygenation (ECMO), mortality rates in the pres-
ence of respiratory failure have been reported to be as 
high as 30–50% [15, 16].

The main feature of HIV-negative patients infected 
with PCP is acute onset hypoxic respiratory failure [17, 
18]. Patients exhibiting mild symptoms often require a 
shorter treatment duration and make a quick recovery 
on antibiotics. Although, PCP patients with acute respi-
ratory failure usually have a poor prognosis [4, 19]; the 
mortality rates are high, and the incidence of patients 
requiring mechanical ventilation ranges between 40 and 
50% [1, 3, 15, 16, 19, 20]. Therefore, these patients require 
aggressive treatment. Few studies have assessed the risk 
factors of patients with PCP with acute respiratory fail-
ure requiring mechanical ventilation. We investigate 
risk factors associated with the development of severe 
PCP infection with acute respiratory failure after kidney 
transplantation.

Materials and methods
Patients and data Collection
This retrospective study included 2,330 patients who 
received kidney transplantation at Asan Medical Center 
between March 2009 and February 2017. Of these, 59 
patients were diagnosed with PCP. Nine patients were 
excluded; eight underwent simultaneous pancreas-kid-
ney transplantation, and one was under the age of 16. As 

a result, 50 patients were included for analysis (Fig.  1). 
Later, we retrospectively reviewed medical records and 
radiographs of the patients. Collected patient informa-
tion included demographics, PCP prophylaxis, kidney 
donation type, operation type (living vs. deceased), acute 
rejection, and time from symptom onset to hospital 
admission. Clinical data such as laboratory results were 
also collected, including white blood cell count and total 
lymphocyte count (TLC), and the presence of combined 
infection, such as BK virus and CMV. The institutional 
review board of Asan Medical Center approved the con-
duction of this study (no.2020 − 0737).

Definitions
Patients with clinically suspicious symptoms or radio-
logic finding such as diffuse ground-glass opacity 
received confirmation of PCP diagnosis with polymerase 
chain reaction (PCR) using bronchoalveolar lavage (BAL) 
fluid samples. Severe PCP was defined as patients requir-
ing mechanical ventilation or high-flow oxygen support 
with a PaO2/FiO2 ratio of 200 or less at the time of hos-
pital admission.

All patients were administered TMP-SMX (80–
400  mg) daily for 6 months post kidney transplantation 
according to PCP prophylaxis protocol. TMP-SMX pro-
phylaxis failure was defined as cases in which medication 
was not administered due to adverse drug reactions or 
decreased compliance ≤ 6 months after transplantation. 
In case of suspected acute rejection, a kidney biopsy was 
conducted. PCP prophylaxis was administered up to 6 
months after rejection, so we defined acute rejection as 
any case with a history of treatment for acute rejection 
within one year before the PCP diagnosis. CMV com-
bined infection was defined as patients receiving anti-
viral treatment due to CMV viremia or CMV infection of 
other organs, such as gastritis. TLC was measured at the 
time of PCP diagnosis, and < 1,000 mm3 was defined as 
lymphopenia.

In patients diagnosed with PCP, TMP-SMX was used 
as the first-line antibiotic. TMP was administered in 3 or 
4 divided doses of 15–20  mg/kg/day. As side effects of 
TMP-SMX, severe hyperkalemia, progression of acute 
kidney injury, and gastrointestinal intolerance such as 
nausea and vomiting occurred and the change to sec-
ond-line antibiotics was defined as an adverse reaction. 
Treatment failure was defined as a case of changing to 
second-line antibiotics due to worsening of PCP despite 
the use of first-line antibiotics (TMP-SMX). As second-
line antibiotics, 600 mg of IV (intravenous) clindamycin 
was given every six hours and oral primaquine 30  mg 
was administered once a day. In the case of severe PCP, 
adjunctive corticosteroid was given for therapeutic pur-
poses. IV methylprednisolone (MPD) 30 mg was admin-
istered twice a day for 5 days, then 30 mg once a day for 
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5 days, and then IV MPD 15 mg was given once a day for 
11 days.

Rituximab, which is a monoclonal antibody against 
CD20, is used in some KT recipients for pre-transplant 
desensitization or acute rejection treatment after trans-
plant. Some investigations demonstrated an increased 
risk of PCP infection after rituximab administration. In 
this research, the use of rituximab was also included as 
a predictor of risk factors for respiratory failure. Addi-
tionally, rituximab was used in some patients (7 patients) 
for the treatment of acute rejection. And lymphocytes 
decreased in some patients, but all patients recovered to 
the normal range. Patients included in this study were 
patients who recently developed lymphocyte depletion 
during PCP infection.

Statistical analysis
Student’s t-test and the Mann–Whitney U test were 
employed to examine the difference between continu-
ous variables. Kruskal–Wallis test was used to compare 
various groups. Univariate and multivariate logistic back-
ward regression analyses were conducted to predict the 
risk factors of respiratory failure in PCP patients after 
kidney transplantation based on clinical data, using odds 
ratios (ORs) and 95% CIs. P-values < 0.05 were consid-
ered statistically significant. R software was used for 
carrying out all statistical tests (version 4.0.3; R Founda-
tion for Statistical Computing, Vienna, Austria; http://
www.R-project.org).

Fig. 1 Patients enrolled in this study
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Results
Among the 2,330 kidney transplant recipients, 50 
patients (2.1%) were treated with PCP. The mean age of 
the patients was 47.22 ± 14.35 years. Living donor kidney 
transplantation accounted for 40 (80.0%) total cases. 29 
patients (58.0%) were infected with PCP within 1 year 

after transplantation. 19 patients (38.0%) were treated for 
acute rejection within 1 year of PCP diagnosis (Table 1).

A total of 27 patients (54.0%) had an acute respira-
tory failure that required high-flow oxygen support 
because the PaO2:FiO2 ratio was less than 200. Of these, 
18 patients (36.0%) were treated with mechanical ven-
tilation. Five patients (10.0%) received extracorporeal 

Table 1 Demographic and clinical characteristics of patients with PCP according to respiratory failure
Total (n = 50) Non-severe PCP (n = 23) Severe PCP

(n = 27)
P-value

Age (years) 47.22 ± 14.35 41.4 ± 14.7 52.2 ± 12.3 0.007*

Male (n, %) 28 (56.0%) 13 (56.5%) 15 (55.6%) 1.000

BMI 21.81 ± 3.33 20.4 ± 2.8 23.0 ± 3.3 0.005*
Underlying disease
Diabetes mellitus
Hypertension
Tuberculosis
Hepatitis B virus
Hepatitis C virus

10 (20.0%)
44 (88.0%)
3 (6.0%)
4 (8.0%)
1 (2.0%)

5 (21.7%)
21 (91.3%)
1 (4.3%)
2 (8.7%)
0

5 (18.5%)
23 (85.2%)
2 (7.4%)
2 (7.4%)
1 (3.7%)

1.000

Causes of transplantation
Hypertension
Diabetes mellitus
Glomerulonephritis
Polycystic kidney disease
Unknown

6 (12.0%)
11 (22.0%)
13 (26.0%)
4 (8.0%)
16 (32.0%)

3 (13.0%)
3 (13.0%)
8 (34.8%)
0
9 (39.1%)

3 (11.1%)
8 (29.6%)
5 (18.5%)
4 (14.8%)
7 (25.9%)

0.139

Type of kidney donation
Living related donor
Living unrelated donor
Deceased donor

25 (50.0%)
15 (30.0%)
10 (20.0%)

14 (60.9%)
6 (26.1%)
3 (13.0%)

11 (40.7%)
9 (33.3%)
7 (25.9%)

0.324

Type of immunosuppressant
Tacrolimus
Cyclosporine
Mycophenolate mofetil
Sirolimus

35 (70.0%)
15 (30.0%)
41 (82.0%)
2 (4.0%)

16 (69.6%)
7 (30.4%)
18 (78.3%)
2 (8.7%)

19 (70.4%)
8 (29.6%)
23 (85.2%)
0

1.000

Co-infection
Cytomegalovirus
BK virus

18 (36.0%)
10 (20.0%)

7 (30.4%)
4 (17.4%)

11 (40.7%)
6 (22.2%)

0.645
0.943

ABO incompatible 13 (26.0%) 6 (26.1%) 7 (25.9%) 1.000

Re-transplantation 3 (6.0%) 0 3 (11.1%) 0.293

Incidence of TMP/SMX
Prophylaxis failure

12 (24.0%) 4 (17.4%) 8 (29.6%) 0.498

Time from onset of symptom to hospital admission (days) 7.3 ± 6.0 9.1 ± 7.6 5.8 ± 3.8 0.063

Time from transplantation to PCP (months) 18.1 ± 18.8 23.4 ± 24.9 13.7 ± 9.9 0.090

Time from discontinuation of TMP/SMX to PCP (months) 8.9 ± 14.0 12.8 ± 19.9 5.6 ± 2.7 0.101

HLA-A, B, DR mismatch 2.9 ± 1.5 2.3 ± 1.1 3.4 ± 1.7 0.011*
Total lymphocyte count (mm3)
(normal range: 800-4,000 /mL)

755.0 ± 421.5 970.7 ± 408.3 571.2 ± 342.7 0.001*

History of acute rejection treatment within 1 year 19 (38.0%) 6 (26.1%) 13 (48.1%) 0.190

Use of rituximab 19 (38.0%) 6 (26.1%) 13 (48.1%) 0.190

Change of second-line
antibiotics

25 (50.0%) 10 (43.5%) 15 (55.6%) 0.570

Use of adjunctive
corticosteroid

34 (68.0%) 10 (43.5%) 24 (88.9%) 0.002*

Length of hospital stay (days) 39.94 ± 68.38 17.1 ± 9.9 59.4 ± 88.8 0.001*
Mortality 7 (14.0%) 0 7 (25.9%) 0.026*
* p-values of < 0.05 were considered statistically significant

BKV, BK virus; BMI, body mass index; CMV, cytomegalovirus; HLA, human leukocyte antigen; PCP, pneumocystis pneumonia; TMP/SMX, trimethoprim/
sulfamethoxazole
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membrane oxygenation (ECMO). And seven patients 
(14.0%) died. All patients were initially treated with TMP-
SMX. Of these, 25 patients (50.0%) were transferred to 
secondary antibiotics (clindamycin and primaquine). 
13 patients (26.0%) changed antibiotics due to primary 
treatment failure, and 12 patients (24.0%) changed due to 
adverse drug reactions such as acute kidney injury, vom-
iting, or pancytopenia. When antibiotics were changed 
to second-line antibiotics, the change occurred six days 
after administering TMP-SMX. (6.36 ± 2.80 days)

We compared the clinical characteristics of the severe 
PCP group with acute respiratory failure and the non-
severe PCP group with low oxygen demand. The severe 
PCP group was older (41.4 ± 14.7 years vs. 52.2 ± 12.3 
years, p = 0.007) and had a higher Body mass index 
(20.4 ± 2.8 vs. 23.0 ± 3.3, p = 0.005). The type of kidney 

donation, re-transplantation, and the incidence of pro-
phylaxis failure after transplantation were not signifi-
cantly different between groups. In the severe PCP 
group, the time from transplantation (23.4 ± 24.9 months 
vs. 13.7 ± 9.9 months, p = 0.090) and from discontinuation 
of prophylaxis (12.8 ± 19.9 months vs. 5.6 ± 2.7 months, 
p = 0.101) to PCP diagnosis tends to be insignificantly 
shorter than in the non-severe PCP group. HLA mis-
match (2.3 ± 1.1 vs. 3.4 ± 1.7, p = 0.011) was significantly 
higher, and TLC (970.7 ± 408.3 mm3 vs. 571.2 ± 342.7 
mm3, p = 0.001) was lower in the severe PCP group com-
pared with the non-severe group (Table 1).

Univariate and multivariate logistic regression evalu-
ated risk factors of severe PCP with respiratory failure. 
As a result, the associated risk factors were age (OR 1.07; 
95% CI: 1.01–1.13; p = 0.027), time from transplantation 
to PCP diagnosis (OR 0.92; 95% CI: 0.86–0.99; p = 0.024), 
lymphopenia (OR 6.48; 95% CI: 1.05–40.09; p = 0.044), 
and history of acute rejection within 1 year (OR 8.28; 95% 
CI: 1.29–53.20; p = 0.026) (Table 2).

The cutoff value of 636.4 mm3 (Table 3) was obtained 
using the receiver operating characteristic curve for TLC 
(Fig. 2).

Table 2 Univariate and multivariate logistic regression for severe 
PCP

Univariate analysis Multivariate 
analysis

Odds ratio
(95% CI)

P-value Odds 
ratio
(95% 
CI)

P-
val-
ue

Age 1.06 
(1.01–1.11)

0.012 1.07 
(1.01–
1.13)

0.027

Sex 1.04 
(0.34–3.19)

0.945

Time from onset of 
symptom to hospital 
admission

0.90 
(0.80–1.01)

0.067

Time from transplanta-
tion to PCP

0.97 
(0.92–1.01)

0.114 0.92 
(0.86–
0.99)

0.024

Time from discontinua-
tion of TMP/SMX to PCP

0.91 
(0.79–1.05)

0.202

HLA-A, B, DR mismatch 1.68 
(1.08–2.62)

0.022

Immunosuppressant
Tacrolimus
Cyclosporin

1.04 
(0.31–3.49)
0.96 
(0.29–3.24)

0.951
0.951

CMV co-infection 1.57 
(0.49–5.08)

0.451

BKV co-infection 1.36 
(0.33–5.55)

0.671

Use of rituximab 2.63 
(0.79–8.72)

0.114

Lymphopenia
(TLC < 1,000 mm3)

3.70 
(0.96–14.29)

0.058 6.48 
(1.05–
40.09)

0.044

History of acute rejec-
tion treatment within 
1 year

2.63 
(0.79–8.72)

0.114 8.28 
(1.29–
53.20)

0.026

BKV, BK virus; CI, confidence interval; CMV, cytomegalovirus; HLA, human 
leukocyte antigen; PCP, pneumocystis pneumonia; TMP/SMX, trimethoprim/
sulfamethoxazole

Table 3 Sensitivity and specificity of the cutoff values of total 
lymphocyte count

Sensitivity Specificity Cutoff 
value 
(mm3)

Total lymphocyte count 0.667 0.870 636.4

Fig. 2 Receiver operating characteristic (ROC) curve of total lymphocyte 
count (AUC = 0.781).
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Discussion
Patients with kidney transplantation are vulnerable to a 
PCP infection, which is a rare but life-threatening oppor-
tunistic infection. More than half of patients diagnosed 
with PCP after kidney transplantation progress to severe 
PCP with acute hypoxemic respiratory failure [4, 15]. 
Therefore, understanding the predictors of severe PCP is 
important to select the cases that need intensive moni-
toring and treatment.

In our study, 58% of patients were diagnosed with PCP 
within 1 year of kidney transplantation. Other studies 
also reported that PCP mainly occurred within 1 year 
after transplantation [4, 12, 13]. The incidence of PCP 
is lower within six months after kidney transplantation 
because TMP-SMX prophylaxis is usually within this 
period. However, stopping prophylaxis increased the 
incidence of PCP. In our study, 68% of patients developed 
PCP within 6 months of stopping TMP-SMX prophylaxis. 
Kwon et al. suggested that outcomes may be improved by 
maintaining PCP prophylaxis for up to 1 year in high-
risk patients treated with rituximab for desensitization or 
those receiving acute rejection treatment [10].

As previously discussed, the mortality rate was 30% in 
severe PCP patients with acute hypoxic respiratory fail-
ure. Gaborit B. J. et al. reported that 49.5% of patients 
with PCP who developed immunosuppression as a result 
of HIV, hematologic malignancy, or solid organ trans-
plantation, typically had severe PCP that required high-
flow oxygen therapy or mechanical ventilation [15]. In 
our study, limited to kidney transplant patients, 54% of 
all cases progressed to severe PCP with acute hypoxic 
respiratory failure, of which 25.9% died. Addition-
ally, old age, the time from a kidney transplant to the 
diagnosis of PCP, the history of receiving acute rejec-
tion treatment within the last 1 year, and the presence 
of lymphopenia at hospital admission were found to be 
particularly high-risk factors for acute hypoxic respira-
tory failure in patients with PCP. Severe PCP was more 
than eight times more common in this group (OR 8.28 
[95% CI: 1.29–53.20], p = 0.026) due to the increased 
risk of PCP infection brought on by high-dose steroids 
or intensive immunosuppressive therapy. According to 
Lee et al., 83.3% of patients infected with PCP follow-
ing kidney transplantation had a history of acute graft 
rejection treatment (OR: 11.81 [95% CI: 3.06–45.57], 
p < 0.001) [14]. A meta-analysis by Seyed et al. examined 
the risk factors for PCP development after solid organ 
transplantation [8]. They found that CMV infection (OR: 
3.30 [2.07–5.26], p = 0.006) and allograft rejection (OR 
2.36 [1.54–3.62], p = 0.05) increased the risk of PCP after 
organ transplantation, and concluded that extended pro-
phylaxis in patients with acute rejection might reduce the 
risk of PCP. In our institution, PCP prophylaxis is admin-
istered for 6 months after acute rejection treatment, 

but a shorter outpatient follow-up is needed given the 
high possibility of these patients developing severe PCP. 
Additionally, other studies reported CMV co-infection 
as a risk factor for PCP, but our study did not reveal it 
as a risk factor for PCP. CMV infection may affect the 
patient’s immunity, but this study did not indicate signifi-
cant results.

In our study, lymphopenia at the time of hospi-
tal admission was also a predictor of severe PCP pro-
gression. Many studies have previously reported that 
lymphopenia was a predictive factor influencing the 
development of PCP [9, 21, 22]. We found a difference in 
TLC between non-severe and severe PCP groups at the 
time of admission (970.7 ± 408.3 mm3 vs. 571.2 ± 342.7 
mm3, p = 0.001). Additionally, the multiple logistic regres-
sion analysis found that lymphopenia was a predictor 
of progression to severe PCP (OR 6.48 [1.05–40.09], 
p = 0.044). Given its association with CD4 + count, TLC 
is a significant risk factor for PCP in patients with HIV. 
Werbel et al. reported that severe lymphopenia is a risk 
factor for PCP in solid organ transplant recipients, which 
increases the risk of PCP development due to recent 
immunosuppression [21]. Kageyama et al. also reported 
lower lymphocyte count as a factor affecting PCP prog-
nosis in patients with systemic autoimmune disease [22]. 
Our study showed similar results, suggesting that lym-
phopenia reflected a recent immunosuppression state, 
which is a risk factor for progression to severe PCP.

The first limitation of this study was the possibility of 
selection bias because it is a retrospective study con-
ducted in a single center. Second, as PCP is rare, the sam-
ple size is small. Although the number of cases was larger 
compared to other studies, the statistical power was inev-
itably small. So, further prospective data on patients with 
PCP after kidney transplantation are required.

In conclusion, more than half of the total patients who 
developed PCP after kidney transplantation progressed 
to severe PCP with acute hypoxic respiratory failure. Age, 
history of acute rejection treatment within 1 year, and 
presence of lymphopenia at the time of admission are 
risk factors for severe PCP. More aggressive monitoring 
and treatment are therefore needed in these patients.
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