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Background: Pneumocystis carinii is an opportunistic pathogen that can cause severe lung infections after renal transplan-
tation. Trimethoprim-sulfamethoxazole (TMP-SMX) has been recognized as a first-line treatment for chemo-
prophylaxis of Pneumocystis carinii pneumonia (PCP). This study aimed to establish a personalized chemopro-
phylaxis prescription specifically for those recipients with renal insufficiency.

Material/Methods: This retrospective study included 68 patients with confirmed PCP after renal transplantation. Patients were di-
vided into 2 groups: an abnormal renal function (ARF) group (creatinine >1.5 ng/dl; n=37) and a normal renal
function (NRF) group (creatinine <1.5 ng/dl; n=31). Clinical characteristics and prognosis of PCP in both groups
were compared and analyzed.

Results: Patients in the ARF group had more prophylaxis after transplantation (15 [40.5%] vs. 2 [6.5%], p=0.047), had
more biopsy-proven rejections (10 [27%)] vs. 1 [3.2%], p=0.008), and had lower lymphocyte counts (0.6 [05-0.9]
vs. 1.1 [0.7-1.6], p<0.01). Renal function after treatment was obviously improved in the ARF group, which had
a significant decrease rate in creatinine (-13.2% [-22~4.8%] vs. -4.4% [-12.6~20.9%)], p=0.043).

Conclusions: PCP prophylaxis regimens for recipients after renal transplantation are still needed regardless of whether the
renal functions were normal or abnormal, especially for recipients with persistent lymphopenia or rejection af-
ter transplantation.
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Background

In renal transplant recipients, Pneumocystis carinii is an oppor-
tunistic pathogen that can cause severe lung infections such
as Pneumocystis carinii pneumonia (PCP) [1,2]. The European
Renal Association and 2010 KDIGO guideline recommend treat-
ment with trimethoprim-sulfamethoxazole (TMP-SMX) as PCP
prophylaxis for 6-12 months [3,4]. However, studies have re-
ported that TMP-SMX has adverse effects such as elevated cre-
atinine levels, interstitial nephritis, hyperkalemia, and acute
tubular necrosis [5-9]. Here, we investigated the characteris-
tics of prophylaxis and the prognosis of PCP cases with dif-
ferent levels of renal function after renal transplantation, and
propose individualized PCP prophylaxis and treatment strate-
gies for patients with renal dysfunction.

Material and Methods

Study population

This retrospective control study included 68 patients with con-
firmed PCP after renal transplantation between March 2011
and October 2017 at our transplant center. Patients were di-
vided into 2 groups, an abnormal renal function (ARF) group
(creatinine >1.5ng/dl; n=37) and a normal renal function (NRF)
group (creatinine <1.5 ng/dl; n=31), based on creatinine of
1.5 ng/dl(132 umol/L), which was the expanded criteria do-
nor (ECD) criterion. All organs were from deceased donors or
living donors, and none of the organs were from people who
were prisoners at the time of organ procurement.

This study was approved by the Ethics Committee of Tianjin
First Central Hospital (No. 2017N076KY).

Diagnostic criteria for PCP

=y

. Microbial pathogen diagnosis: Pneumocystis carinii-specif-
ic PCR positive results or Pneumocystis carinii spores were
found in specimens of bronchoalveolar lavage fluid (BALF)
after Gomori methenamine silver (GMS) staining.

2. Clinical diagnosis: PCP in patients with severe hypoxemia

(oxygen partial pressure was <65 mmHg in maximum oxy-

gen uptake) [10,11] who could not tolerate bronchoscopy

was diagnosed by clinical method, and the clinical diagno-
sis was based on clinical features, imaging findings, and the

sensitive response to anti-PCP therapy [2,12,13].

Data collection
The data collected included demographic characteristics, pre-

operative data, immunosuppressive regimens, early complica-
tions, clinical manifestations of PCP (fever, cough, expectoration,
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and dyspnea), laboratory test (serum creatinine and (1,3)-p-D-
glucan antigen), imaging results, pathogen results, PCP treat-
ment plans, ventilator support history, and clinical outcomes.

Immunosuppressant and rejection

All kidney transplant patients were treated with standard im-
munosuppressive regimens. The induction regimen consisted
of a monoclonal or polyclonal antibody alone, or combined
with methylprednisolone. The maintenance immunosuppres-
sant was cyclosporine or tacrolimus/MPA or MMF/steroid. All
graft rejections were confirmed by biopsy.

Chemoprophylaxis and treatments

The PCP prophylaxis regimen was daily oral administration of
80 mg TMP/400 mg SMX for 6 months starting 1 month after
kidney transplantation. The standard regimen for treatment of
PCP was 15-20 mg/kg/d TMP plus 75-100 mg/kg/d SMX, ad-
ministered every 6-8 h. Patients with an arterial oxygen par-
tial pressure < 70 mmHg received their treatments combined
with methylprednisolone, and patients who were sensitive to
TMP-SMX and had related adverse effects received a lower
dose of TMP -SMX combined with caspofungin.

Comparison of prognoses between the 2 groups

The survival rates of recipients and grafts were compared be-
tween the 2 groups. The creatinine change rate was used to
describe the prognosis in renal function between pre-treatment
and post-treatment. The creatinine change rate was calculated
by dividing the number of creatinine change (Cpm: Creatinine
in post-treatment minus G Creatinine in pre-treatment) by
Creatinine in pre-treatment: Change rate =(C  -C_ )/C_ *100%

post_ pre

Statistical analysis

Data for normally distributed continuous variables were com-
pared using the t test, and results are expressed as the
meanzstandard deviation (mean+SD). Non-normally distributed
continuous data were compared using the rank sum test, and
results are expressed as the median M (Q1-Q3). Categorical
variables were compared using the chi-square test, and results
are expressed as number (%). Survival data were analyzed us-
ing the Kaplan-Meier method and log-rank test. All statistical
analyses were performed using SPSS (version 23), and P<0.05
was considered as statistically significant.
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Figure 1. Kaplan-Meier curve depicting the increase in
Pneumocystis pneumonia (PCP) among recipients over
time after transplantation. The proportion of recipients
without PCP after transplantation varied with time
(months), and most cases of PCP occurred within 12
months after transplantation.

Results

General characteristics of patients

Between March 2011 and October 2017, 68 PCP cases (55
males and 13 females; mean age, 43+11.9 years) who met
the study criteria were enrolled; 36 cases were diagnosed by
microbial etiology, and 32 cases who could not tolerate bron-
choscopy due to severe hypoxemia were diagnosed by clini-
cal signs and symptoms. The median onset time of PCP was
5.6 months (range, 3.2 to 9 months) (Figure 1). Seventeen of
the patients received a standard PCP prophylaxis regimen,
while 51 patients did not receive a standard prophylaxis reg-
imen due to hypoleukocytosis or a drug allergy. Eleven cas-
es of acute rejection confirmed by biopsy were treated with
methylprednisolone and 21 cases of PCP were accompanied
by serum CMV positivity.

Comparison of patient characteristics between the 2
groups

To rule out kidney damage caused by TMP-SMX treatment, the
median creatinine at 1 month prior to PCP onset was used as
a criterion for group assignment, so as to better reflect pre-
onset baseline renal function. The 68 patients were assigned
to either the ARF group (n=37) or the NRF group (n=31) based
on creatinine of 132 umol/L, which was the expanded criteria
donor (ECD) criterion. The 2 groups were similar in terms of
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sex, BMI, donor type, induction of immunosuppression, main-
tenance immunosuppressant concentration, delayed graft func-
tion, and PCP symptoms (Tables 1-4). In addition, there was
no significant difference between the 2 groups in proportion
diagnosed by microbial etiological (20/37 [54.1%] vs. 16/31
[51.6%), p=0.841). All acute rejection that occurred before PCP
was confirmed by pathology, and the rejections mostly occurred
in the ARF group (10 [27%] vs. 1 [3.2%], p=0.008). TMP-SMX
chemoprophylaxis was administered to 15 patients (40.5%)
in the ARF group and 2 patients in the NRF group (p=0.047).
Moreover, PCP patients in ARF group had longer hospital stays
(25 days [17-35] vs. 20 days [14-25], p=0.03). The total lympho-
cyte counts decreased in both groups, but more dramatically in
the ARF group (0.6 [05-0.9] vs. 1.1 [0.7-1.6], p<0.01) (Figure 2).

Prognosis

Sixty Sixty-four of the 68 patients with PCP were cured, and
4 died directly due to PCP infection. All of the deaths were in
the ARF group (4/37, 10.8%). All 5 patients with graft failure
were in the ARF group (5/37, 13.5%), with no significant dif-
ference between the 2 groups (Figure 3).

In this study, the rate of creatinine change before and after
treatment was used to reflect the changes in renal function.
There were no significant changes among the 68 cases (135.5
[110-170.5] vs. 125 [104.8-164.5], p=0.132) (Figure 4). However,
the creatinine levels after treatment in each group were low-
er than before treatment, and the change rate was higher in
the ARF group (-13.2% [-22~4.8%] vs. —4.4% [-12.6~20.9%],
p=0.043) (Figure 5). Patients with a >10% decline in creatinine
were mainly in the ARF group (n=23) (Figure 6).

Discussion

The acute rejection rate in the ARF group was 27% and only
3.2% in the NRF group. Wang et al. [14] found that acute re-
jection was a risk factor for PCP in non-lung transplant re-
cipients, suggesting that the TMP-SMX prophylaxis regimen
should be re-applied after acute rejection. Kim et al. [15] sug-
gested that it may be beneficial to maintain 12 months of
PCP prophylaxis for desensitization or acute rejection thera-
py in KT patients treated with rituximab. Numerous studies
have shown that acute rejection is an important risk factor for
PCP [16-19]. Low eGFR after renal transplantation is also con-
sidered as an important risk factor for PCP, and may be attrib-
utable to aggravation of the immunosuppressive state due to
a reduction in clearance of immunosuppressive agents caused
by renal dysfunction [20], as shown by the higher acute rejec-
tion rate in the ARF group. Kidney transplant recipients have
more obvious renal insufficiency after rejection and receive en-
hanced immunosuppressive therapy, which further increases
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Table 1. Comparison of general clinical data among ARF group and NRF group.

ARF (n=37) NRF (n=31) P value

Sex (Male) 33 (89.2%) 22 (71%) 0.057
Age(yeary 434:111 425:129 0744
CoBMI kgl 27132 215¢.41 o191
CDomortype . o098
"""" DO 31 (838% 27 1%
"""" w6 @e2% 4 @
CDiaysistype 5005
* Hemodialysis 31 (838% 7 ®%
e so(35%) 4 (2%
N v o
 Dialysis time (years) 1 (0625 06 (042 o178

LD - living donor; PD — peritoneal dialysis; ARF — abnormal renal function group; NRF — normal renal function.

Table 2. Comparison of immunosuppressive agents and early postoperative complications among 2 groups.

ARF (n=37) NRF (n=31) P value
Induction therapy 0.552
© Polyclonal antibodies 6 (162% s e
© Anti-CD25mAbs 27 @3% % ©39%
~ onlysteroids 4 08% 2 659
o 02
”””” Ta«. 29 (784% 26 @®9%)
”””” A 8w  sqaew
 CNiconcentraton . os6
”””” Wgh 17 @se%) 20 @645
”””” tow 20 (G419 116558
 MPAdosage . oen
”””” Wgh 18 (a86%) 17 (s48%)
”””” low 19 G1L4%)  14.@s2%
 Perioperative infection s 3s%) 3 e 5005
CDbeF 2 (4w 1 G2% 0665
R e 1 (G2% 0008

IS — immunosuppressive regimen; CsA — cyclosporin A; MMF — mycophenolate mofetil; MPA — mycophenolic acid; CNI high dose —
tacrolimus >7 ng/mL, CsA 2150 ng/mL; CNI low dose — tacrolimus <7 ng/mL, CsA <150 ng/mL; MPA high dose — MPA >1.5 g/d; MPA low
dose — <1.5 g/d; DGF — delayed graft function; AR — acute rejection; ARF — abnormal renal function group; NRF — normal renal function.

their susceptibility to PCP [16-18]. The European transplant Studies have shown that lymphocytes are of great value for
guidelines and the KDIGO clinical practice guidelines recom- host resistance to PCP [13,21-23]. Iriart et al. [13] studied PCP
mend that PCP chemoprophylaxis be re-administered for 3 to risk factors in 33 patients who underwent solid organ trans-
4 months after treatment for a rejection episode [3,4]. plantation (including 23 renal transplants) and identified a
blood lymphocyte level of 0.75x10%/L as an independent risk
factor for PCP (OR=3.9 [95% CI: 1.4 to 10.7], P=0.009). Other
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Table 3. Comparison of the onset and treatment characteristics of PCP among 2 groups.

ARF (n = 37)

Onset (months) 59 (4-8.7)
 TMP-SMX prophylaxis 15 (405%)
PCPsymptom
CFever 30 (81.1%)
~ cogh 14 (37.8%)
 suffecation 18 (48.6%)
"""" Weakness 3 (81%)
"""" Diarthea 1 (7%
e 16 (43.2%)
© Neutrophil granulocyte(10°) 65 (48-85)
© lymphocyte count(10°4) 06 (0.5-09)
© BG detection® 18 (48.6%)
PMO 20 (541%)
© Anti-PCP Steroid usage 21 (56.8%)
© Anti PCPTMP-SMX dose() 6 (43-6)
~caspofungin 25 (67.6%)

NRF (n = 31) P value

54 (2.7-10.4) 0.218
"""""""""""""" 2 (65% o047
"""""""""""""" 27 (87.1%) 0734
N 0445
"""""""""""""" 0 (23% o1
T 0304
T 5005
"""""""""""""" 12 (87% 0705
""""""""""""" 69 (54-85 0487
11 @716 <001
s ss%w 0054
""""""""""""" 16 (516% o084l
"""""""""""""" 16 (16% o671
A 0482
"""""""""""""" 18 (81% 0418

BG detection — serum 1-3-(Beta-D) Glucan concentration; PMD — pathogenic microbiological diagnosis; ARF — abnormal renal function

group; NRF — normal renal function.

Table 4. Comparison of patient prognosis the 2 groups.

ARF (n=37)

ICU admission 6 (16.2%)
Clculosdy 215 (142535
T 25 (735
Grftlse s (135%
 Mortalty 4 (08%)

NRF (n=31) P value
3 (9.7%) 0.665
"""""""" 0 ¢~ o049
"""""""" 20 (425 003
""""""""" o o0
""""""""" o oan

LOS - length of hospital stay; ARF — abnormal renal function group; NRF — normal renal function.

studies found that lymphopenia is an independent risk factor
for PCP [24,25]. Geertrude et al. [25] reported that lymphocyte
counts might be helpful for guiding PCP prevention strategies
during the first 4 months after transplantation. In the present
study, the number of lymphocytes was 0.6 (0.5-0.9)x10%/L in
the ARF group and 1.1 (0.7-1.6)x10°/L in the NRF group. We
further confirmed the predictive value of lymphocytes for PCP.
Moreover, lymphopenia in the ARF group may be closely related
to anti-rejection therapy and enhanced immunosuppression.

TMP-SMX is the first choice for PCP prophylaxis. The incidence
of PCP after renal transplantation is 5% in patients without
preventive measures, while the incidence of PCP is 2% in pa-
tients with preventive measures, and PCP mortality is as high
as 29-50% [26-28]. Mitsides et al. [26] reported a 38% rate

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

of TMP-SMX withdrawal among 290 patients who underwent
a standard PCP prophylaxis after renal transplantation. The
main reason for discontinuation was elevated creatinine, and
a 35% reversible increase in creatinine during PCP prophylax-
is has been observed. Some transplantation centers do not
provide routine PCP prophylaxis, mainly for the following 3
reasons: first, TMP-SMX nephrotoxicity, drug allergy, hypoleu-
kocytosis, renal dysfunction and severe gastrointestinal ad-
verse effects [5-7]; second, the incidence of lower PCP; and
third, PCP can still occur after chemoprophylaxis [16]. In fact,
there are fewer adverse effects caused by a prophylaxis dose
of TMP-SMX compared to a therapeutic dose. Hyperkalemia
and increased creatinine are thought to result from the inhib-
itory effect of trimethoprim on tubular potassium and creat-
inine secretion, and do not reflect true renal function [2]. In
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Figure 2. Analysis of long-term survival rates of grafts (A) and recipients (B) in the 2 groups. Five out of 68 patients with PCP
experienced graft failure and 4 patients died, all in the ARF group.

3.0+

2.5

2.0

Lymph cell count
T

ARF NRF

Figure 3. Comparison of lymphocyte counts in the 2 groups.
Lower lymphocyte counts occurred in ARF group.

the present study, TMP-SMX standard prophylaxis was ad-
ministered to 40.5% of patients in the ARF group and 6.5% in
the NRF group. Postoperative renal dysfunction does not pre-
clude the use of a standard prophylaxis regimen, but does re-
quire a more aggressive prevention regimen due to the risk
for acute rejection.

In this study, 5 out of 68 patients experienced graft failure,
and 4 patients died. All occurred in the ARF group, and the
mortality rate was 5.8%, which is consistent with other re-
ports [13,28]. Patients with graft failure had consistently high
creatinine before PCP treatment. To reduce the renal toxicity
of TMP-SMX, a small dose of TMP-SMX was administered in
combination with caspofungin. A comparison of renal func-
tion between pre-treatment and post-treatment showed that
68 patients had no significant changes in creatinine, but the
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Figure 4. Comparison of renal function changes in 68 patients
before and after PCP treatment as described by the
creatinine change rate.

renal function improved after treatment. Creatinine levels after
treatment decreased by 13.2% in the ARF group and by 4.4%
in the NRF group, and patients with a >10% decrease were
mainly in the ARF group (Figure 6). Although creatinine may
rise during the early stages of TMP-SMX administration, stud-
ies have suggested that these elevations are reversible, and
renal function can be slowly restored to its original state [9].
In the present study, the improvement in renal function after
PCP treatment was considered to be associated with an allevi-
ated inflammatory state and improved systemic status of the
patient when infection was controlled, and was also related to
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Figure 5. Change in rate of creatinine in each group before
and after PCP treatment. Creatinine was significantly
lower in the ARF group (-13.2% [-22~4.8%] vs. —-4.4%
[-12.6~20.9%], P=0.043).

the use of high-dose methylprednisolone. Although patients
with renal dysfunction after renal transplantation can easily
deteriorate to renal failure and death, the present study, con-
ducted with long-term surviving patients, demonstrated that
TMP-SMX nephrotoxicity does not result in a deterioration of
renal function during PCP treatment. Some data support the
recommendation of prolonging the prophylaxis period after
transplantation [29].

The limitations of this study are its retrospective design and
limited number of patients. Therefore, further prospective
studies are needed to investigate individualized PCP prophy-
laxis regimens. However, we found that TWP-SMX prophylax-
is and treatment regimens can be used in patients with renal
dysfunction without significant adverse effects on long-term
renal function.
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Figure 6. Comparison of creatinine change rates before and
after PCP treatment. Patients with a >10% decline in
creatinine were mainly in the ARF group.

Conclusions

In summary, our data indicate that PCP prophylaxis regimens
in recipients after renal transplantation are still needed, re-
gardless of whether renal function is normal or abnormal, es-
pecially for recipients with persistent lymphopenia or rejec-
tion after transplantation.
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