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Background: Pneumocystis jirovecii pneumonia (PJP) and cytomegalovirus (CMV)
infection are common opportunistic infections among renal transplantation (RT)
recipients, and both can increase the risk of graft loss and patient mortality after RT.
However, few studies had evaluated PJP and CMV co-infection, especially among RT
patients. Therefore, this study was performed to evaluate the impact of CMV co-infection
with PJP among RT recipients.

Methods: We retrospectively analyzed the clinical data of patients with confirmed
diagnosis of PJP between 2015 and 2021 in our hospital. We divided patients into PJP
and PJP+CMV groups according to their CMV infection status, and the clinical severity
and outcomes of the two groups were evaluated.

Results: A total of 80 patients after RT were diagnosed with PJP. Of these, 37
(46.2%) patients had co-existing CMV viremia. There were no statistically significant
intergroup differences in age, sex, diabetes, onset time of PJP after RT and postoperative
immunosuppressant. Compared to serum creatinine (Cr) at admission, the serum Cr
at discharge in both the PJP and PJP+CMV groups were decreased. The PJP+CMV
group had a higher C-reactive protein level, higher procalcitonin level, and lower
albumin level than the PJP group. The PJP4+CMV group showed a higher PSI score
than the PJP group. Moreover, the initial absorption time of the lesion was longer in
the PJP+CMV group. However, the duration of hospitalization showed no significant
differences between the two groups. The mortality rate was 9.4-times higher in the
PJP+CMV group than in the PJP group. The rate of admittance to the intensive care
unit was 3.2-times higher in the PJP+CMV group than in the PJP group.

Conclusion: CMV co-infection may result in more serious inflammatory response. RT
patients with PJP4+CMV infection had more severe clinical symptoms, slower recovery
from pneumonia, and higher mortality than those with PJP alone. Therefore, when
RT patients present with severe PJP, the possibility of CMV co-infection should be
considered. Short-term withdrawal of immunosuppressants in case of severe infection is
safe for the renal function of RT patients.
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INTRODUCTION

Owing to the wuse of immunosuppressants, post-renal
transplantation (RT) patients are recognized as having high
risk of opportunistic infection. Among them, Preumocystis
jirovecii pneumonia (PJP), caused by P. jirovecii, is one of the
most common infections after RT and is life-threatening (1).
The peak incidence period is within 6 months after RT. Besides
PJP, cytomegalovirus (CMV) is also a common infection that
can increase the risk of graft loss and patient mortality after
solid organ transplantation (2, 3). In the general population,
CMV is mostly latent infection after primary infection in
childhood. The CMV seroprevalence rate reportedly between
30 and 97% depending on geography and socioeconomic status
(4, 5). In RT recipients, CMV infection often occurs during
the first 3 months after RT by reactivation of latent infection.
Several previous studies suggested that PJP is often co-infection
with CMV followed by devastating clinical consequences
in immunocompromised non-HIV patients or solid organ
transplantation recipients (6-9). But the impact of co-infection
of CMV on clinical manifestations and outcomes of PJP
patients after deceased donor RT has not been well determined.
Therefore, we retrospectively analyzed the clinical characteristics
and outcomes of 80 patients confirmed with PJP after deceased
donor RT and assessed the impact of CMV co-infection on
the clinical severity and outcomes and laboratory tests for PJP
patients after RT.

MATERIALS AND METHODS

Patients and Methods

A total of 1,300 RT recipients were followed-up in our hospital
between 2015 and 2021. Eighty patients confirmed with PJP
were included in this retrospective study. The Medical Research
Ethics Committee of the Renmin Hospital of Wuhan University
approved the study. The hospital is committed to protecting
patient privacy and adhered with the tenets of the Helsinki
Declaration. The clinical data of the 80 patients, such as
age, sex, RT operation time, induction of immunosuppressive
agents, clinical symptoms, lung CT, duration between PJP and
transplantation surgery, laboratory test results at admission
and discharge, mean hospitalization days, initial absorption
time of the lesion, pneumonia severity index (PSI) score, and
treatment outcome were all collected. The patients were divided
into two groups as follows: 43 patients with PJP as the PJP
group and 37 patients with PJP and co-infection with CMV
as the PJP+CMV group. Immunosuppression after RT was
maintained by mycophenolate mofetil (MMF) combined with
tacrolimus or cyclosporine A and glucocorticoids. The plasma
concentration of tacrolimus was maintained at 6-8 jg/L, while
that of cyclosporine A was maintained at 150-200 pg/L. The
diagnosis of PJP was confirmed based on the following criteria.
(1) Fever and respiratory symptoms such as cough, dyspnea; (2)
Microbial pathogen diagnosis: detection of P. jirovecii in sputum
samples or peripheral blood using metagenomic next-generation
sequencing (mNGS). (3) Clinical diagnosis: This was based on

clinical features, typical CT imaging presentment, elevated 1,3-3-
D-glucan levels, and condition improved after anti-PJP therapy.
All patients received CMV serological detection before renal
transplantation. And CMV DNA in whole blood was detected
once a month after renal transplantation. CMV viremia was
defined as CMV DNA PCR titer >500 copies/mL in whole blood.
Lung CT was performed every 7 days after admission, and the
initial absorption time of the lesion was defined as the duration
from hospital admission to the time that the lung lesions started
to show some improvement.

Statistical Analysis

IBM SPSS software package (version 20.0; IBM Corporation,
Armonk, NY, USA) was used for statistical analysis. Data
were described using mean, standard deviation, median, and
numbers (percentages). The chi-square and two-tailed t-test
were performed to compare group differences. In addition,
paired-samples t-test of serum creatinine (Cr) between patients
at admission and discharge was performed in the PJP
and PJP+CMV groups. P < 0.05 was considered as being
statistically significant.

RESULTS

Comparison of Demographic
Characteristics Between PJP and

PJP+CMV Groups

As of December 2021, a total of 80 patients after RT were
diagnosed with PJP: 37 (46.2%) patients had co-existing
CMV viremia. All the patients received RT from deceased
donor, and did not have other pathogenic infections.
The PJP-prophylaxis protocol consisted of trimethoprim-
sulfamethoxazole (trimethoprim 40 mg, sulfamethoxazole
200 mg) daily for all recipients after RT. According to the
individual condition, the duration of PJP prophylaxis varied
from 3 to 6 months after RT. Remarkably, one month prior to PJP
infection, all recipients already did not receive trimethoprim-
sulfamethoxazole prophylaxis. In addition, the CMV-prophylaxis
protocol consisted of ganciclovir (1.5 g/d, divided into three
doses) daily for all recipients during the first 3 months after
RT. As shown in Table 1, there were no statistically significant
intergroup differences in age, sex, diabetes, and postoperative
immunosuppressant. The average age was 42.4 £ 9.7 years in the
PJP group and 45.5 £ 10.6 years in the PJP+-CMV group. Most
of the maintenance immunosuppressant regimen was MMF
combined with calcineurin inhibitor (CNI) and steroids. The
onset time of PJP after RT between the two groups was similar
(8.1 &£ 5.0 months vs. 12.8 &+ 16.6 months; P = 0.106; Table 1).
And the history of acute rejection, between the two groups was
also similar (41.9 vs. 43.2%; P = 0.901; Table 1). The proportion
of onset time <6 months, 6-12 months, and >12 months was
not different between the two groups. The use of ATG prior to
PJP was also similar between the PJP and PJP+CMV groups.
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TABLE 1 | Comparison of demographic characteristics between the PJP and PJP+CMV groups.

Characteristic PJP group PJP+CMV group (n = 37) P value
(n=43)

Age (years), mean + SD 42.4 +9.7 455 +10.6 0.188

Sex
Male, N (%) 27 (62.8%) 27 (73%) 0.332

Diabetes, N (%) 1(2.3%) 1(2.7%) 0.914

Postoperative immunosuppressant
MMF-+tacrolimus+prednisolone, N (%) 42 (97.7%) 35 (94.6% 0.47
MMF+cyclosporine+prednisolone, N (%) 1(2.3%) 2 (5.4%)

Onset time (month, mean + SD) 8.1+5.0 12.8 £ 16.6 0.106
<6 months, N (%) 20 (46.5%) 20 (54.1%) 0.453
6-12 months, N (%) 16 (37.2%) 9 (24.3%)
>12 months, N (%) 7 (16.3%) 8(21.6%)

Use of ATG prior to PJP, N (%) 16 (37.2%) 13 (35.1%) 0.847

History of acute rejection, N (%) 18 (41.9%) 16 (43.2%) 0.901

Under prophylaxis following RT, N (%) 43 (100%) 37 (100%) 1

Under prophylaxis at diagnosis, N (%) 0 0 1

Comparison of Laboratory Tests Between
PJP and PJP+CMV Groups

As shown in Table2, there were no statistically significant
differences in 1,3-B-D-glucan levels, serum Cr at admission,
serum Cr at discharge, white blood cell count, and lymphocyte
count between the two groups. The PJP+CMV group had a
higher C-reactive protein (CRP) level, lower albumin (ALB) level,
and higher procalcitonin (PCT) level than the PJP group (P =
0.024, P = 0.006, P = 0.009, respectively). Moreover, paired-
samples f-test of serum Cr between patients at admission and
discharge was also performed in the PJP group and PJP+CMV
group. Compared to serum Cr at admission, the serum Cr at
discharge in both the PJP and PJP+CMYV groups were decreased.

Comparison of Pneumonia Severity and
Hospitalization Between the PJP and
PJP+CMV Groups

As shown in Table 2, according to the PSI score system, the
proportion of class V(severe) in the PJP+CMV group was
significantly higher than the PJP group. Moreover, the initial
absorption time of the lesion was longer in the PJP+-CMV group.
However, the duration of hospitalization had no significant
differences between the two groups.

Comparison of Treatment and Clinical
Outcomes Between the PJP and
PJP+CMV Groups

The treatment between the two groups was similar. All patients
discontinued the use of immunosuppressive agent for 1-
2 weeks; trimethoprim-sulfamethoxazole (TMP-SMZ) (TMP
15-20 mg/kg and SMZ 75-100 mg/kg, divided into three
doses) combined with caspofungin (50 mg/d, loading dosage
70 mg on the first day) were used as the first-line drugs, and
methylprednisolone (40-120 mg/d) was used to control the

inflammation and temperature. For patients with CMV viremia,
ganciclovir was used as antiviral therapy with modified renal
dose. As shown in Table 2, during the treatment period, a total
of nine patients died (one patient in the PJP group and eight in
the PJP+CMV group). The mortality rate was 9.4-times higher
in the PJP+CMV group than in the PJP group (2.3 vs. 21.6%; P
= 0.006). In addition, a total of 15 patients were admitted to the
intensive care unit (ICU) (four patients in the PJP group and 11
in the PJP+CMV group). The rate of ICU admittance was 3.2-
times higher in the PJP4-CMV group than in the PJP group (9.3
vs. 29.7%; P = 0.02).

DISCUSSION

We conducted a retrospective review of the clinical
characteristics and outcome of 80 patients confirmed with
PJP to identify the impact of CMV co-infection on the clinical
severity and outcomes and laboratory tests for PJP patients after
RT. In this study, we observed that the incidence of CMV co-
infection with PJP was 46.2% in deceased donor RT recipients.
Similar to a previous study (9), we could show that the combined
PJP and CMV co-infection increases the clinical severity in a
larger cohort of age-matched PJP patients in deceased donor RT
recipients, and the PJP4+CMV group had a higher CRP level,
lower ALB level, and higher PCT level than the PJP group. Serum
ALB or CRP levels were considered good predictive markers for
morbidity and mortality of critically ill patients (10-12). And the
serum levels of CRP and PCT increase apparently in response to
infection or tissue injury, the degree of increase was significantly
correlated with the severity of infection, and the ALB level may
exist decrease during the response to acute infections. Therefore,
the higher CRP level and PCT level and lower ALB level in the
PJP+CMV group may also be representative of more severe
infection and serious inflammatory response.
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TABLE 2 | Comparison of laboratory findings and outcome between the PJP and PJP+CMV groups.

Variable PJP group PJP+CMV group(n = 37) P Value
(n=43)

Serum Cr at admission (mg/dL), mean + SD 159.6 + 74.1 186.2 +99.8 0.176
Serum Cr at discharge (mg/dL), mean + SD 126.2 + 40.0"" 140.7 + 58.21" 0217
1,3-B-D-glucan (pg/mL), mean + SD 664 + 621 659 + 561 0.974
C-reactive protein (mg/L), mean + SD 61.2+34.4 87.2 +53.7 0.024*
Procalcitonin (hng/mL), mean + SD 0.22 +£0.33 0.56 + 0.67 0.009*
White Blood Cell (109/L), mean + SD 8.1 £39 8.2+39 0.975
Lymphocyte (10%/L), mean 4+ SD 0.7+04 0.6 +0.3 0.147
Albumin (g/L), mean + SD 38.4 +4.0 35.9+ 3.7 0.006*
Initial absorption time of lesion (days), mean + SD 129 +5.8 20+ 71 0.000*
Hospitalization days, mean + SD 27.7 £12.7 326+ 115 0.079
PSI score

Class | -lll, N (%) 12 (27.9%) 1(2.7%) 0.002*

Class IV, N (%) 28 (65.1%) 19 (61.4%) 0.212

Class V, N (%) 3 (7.0%) 17 (45.9%) 0.000*
Death, N (%) 1/43 (2.3%) 8/37 (21.6%) 0.006*
Admitted to ICU, N (%) 4/43 (9.3%) 11/37 (29.7%) 0.02*

*P < 0.05 was considered statistically significant.
" Data excluded the death cases.

# Paired-samples t-test of serum Cr between patients at admission and discharge was performed in the PJP group and PJP+CMV group respectively. P < 0.05 was considered

statistically significant.

Remarkably, in the present study, we clearly demonstrated
that the rate of patients admitted to the ICU in the PJP4+CMV
group was 3.2-times higher than that in the PJP group and
the rate of death was 9.4-times higher in the PJP4+CMYV group
than in the PJP group, which was different from that previously
reported (9). This may be related to the fact that all donors in this
study were deceased and had a longer ischemic time and stronger
immunosuppressive regimen than living donors, and the patients
had a higher incidence of CMV co-infection. In addition, most
PJP cases in our study were early onset, which had a stronger
immunosuppressive state. Interestingly, the serum Cr of patients
at discharge in the PJP and PJP+-CMYV groups were all lower than
the time at admission. This further proves that in case of severe
infection, short-term withdrawal of immunosuppressants will
not affect the patient’s renal function or increase the incidence
of acute rejection. The renal function of patients may have
improved with the discontinuation of tacrolimus. Moreover,
during the present study period, no one had graft failure except
the death-censored graft loss.

Previous studies suggested that CMV infection can suppress
the function of antigen-presenting cells and helper T cells,
and cause further immune suppression, which may lead to
subsequent PJP infection and delay the recovery of PJP (13-
16). Our findings further support their conclusions, as the initial
absorption time of the lesion in the present study was longer in
the PJP+CMV group than the PJP group. Therefore, patients
with PJP and CMV co-infection showed delayed improvement
from pneumonia. However, the duration of hospitalization had
no significant differences between the two groups. This may be
because the duration of hospitalization is more susceptible to

other confounding factors. CMV is one of the most frequent
viruses associated with RT (17). According to a previous study
(18), 60% RT recipients may develop active infection and
20% developed CMV disease. In the general population, CMV
infection is usually asymptomatic and considered relatively
self-limiting. However, given the use of immunosuppressive
agents, the risk of active CMV infection (including primary
infection or reactivation of latent infection) or CMV syndrome
or CMV disease (i.e., CMV pneumonitis, CMV colitis, CMV
esophagitis, CMV gastritis, CMV hepatitis, and CMV nephritis)
is increased in RT recipients. Remarkably, most CMV infections
in our study involved reactivation rather than primary infection.
Currently, because of the widespread use of prophylactic and
preemptive antivirals, the incidence rate of CMV infection has
greatly reduced in RT patients. However, about 25% of RT
recipients may still develop CMV infection (19). Owing to the
adverse effects such as leukopenia of ganciclovir or other drugs,
many patients may reduce the dose of medications including
antiviral prophylaxis, which leads to an increased risk of CMV
infection (20). Therefore, monitoring the CMV reactivation is
critical (21).

In the present study, the 37 patients with CMV co-infection
received intravenous ganciclovir combined with TMP-SMZ and
caspofungin as anti-pneumocystis therapy, while the patients
with only PJP received TMP-SMZ and caspofungin treatment
alone. However, the mortality rate and patients admitted to
the ICU in the PJP+CMV group was still higher than that
in the PJP group. We speculate that the reasons for higher
rate of death in our cohort are as follows. First, the dose of
ganciclovir may not be enough owing to the drugs’ side effects
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and impaired renal function, and the clinical severity increased
in the PJP+CMV group. Second, CMV reactivation could be
an indicator of stronger immunosuppression status and illness
severity. The degree of CMV viral load is strongly associated
with the mortality of RT patients (22). Moreover, CMV viremia
cannot exclude the possibilities of CMV pneumonia rather
than only CMV reactivation. Furthermore, viral infections are
controlled mainly by viral-specific T cells, and the clearance and
prediction of CMV viremia is associated with the detection of
CMV-specific T cells (23-26). Patients in the PJP4+CMV group
may have a lower CMV-specific T-cell count because of prior
CMV infection.

Our study has some limitations. First, on account of being
a single-center, retrospective and observational study, inherent
bias is inevitable. Second, the numbers of patients in each group
were still small; thus, additional prospective, multicenter, large-
scale clinical studies are necessary to accurately evaluate the
impact of CMV co-infection with PJP. Moreover, long-term
follow-up was not performed in our study.

In conclusion, RT patients with PJP4+CMV infection had
more severe clinical symptoms, more serious inflammatory
response, slower recovery from pneumonia, and higher mortality
than PJP patients. Therefore, monitoring the CMV reactivation
after RT are critical and when RT patients present with severe
PJP, the possibility of CMV co-infection should be considered. In
addition, short-term withdrawal of immunosuppressants in case
of severe infection is safe for the renal function of RT patients.
Further studies are needed to confirm underlying mechanisms.
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