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Background: Trimethoprim/sulfamethoxazole (TMP-SMX) is considered the first-choice 
treatment for Pneumocystis jirovecii pneumonia (PJP) in recipients of solid organ transplanta
tion. However, this treatment is associated with various severe adverse events that might not be 
tolerable for some renal transplant recipients, and the optimal dose remains elusive. The present 
study assessed the efficacy of low-dose TMP-SMX in recipients of a deceased donor kidney.
Methods: A total of 37 adult deceased donor kidney recipients who suffered PJP between 
January 2015 and June 2020 were included. The survival rates of the patients and grafts, the 
rate of invasive ventilation, and adverse events, including gastrointestinal discomfort, hema
tologic side effects, hyperkalemia, and renal function impairments, were assessed.
Results: The patient and graft survival rates were both 100%. Two patients (5.4%) required 
invasive ventilation. Eight patients (21.6%) reported gastrointestinal discomfort, but none 
required dose reduction or discontinued treatment. The frequencies of hematologic side 
effects, hyperkalemia and impaired kidney function were 5.4% (2/37), 2.7% (1/37), and 
2.7% (1/37), respectively.
Conclusion: Optimization of TMP-SMX dose may reduce the risk of adverse events with
out compromising efficacy for the treatment of PJP in deceased donor kidney recipients.
Keywords: efficacy, low dose, trimethoprim/sulfamethoxazole, Pneumocystis jirovecii 
pneumonia, deceased donor kidney recipients

Introduction
Pneumocystis jirovecii pneumonia (PJP) is a life-threatening complication in reci
pients of solid organ transplantation with a reported incidence of 0.6%–15%. The 
mortality rate for PJP can reach 50% despite aggressive antibiotic therapy.1–3

Trimethoprim/sulfamethoxazole (TMP-SMX) is considered the first-choice 
treatment for PJP in renal transplant recipients.4 The standard dosage is 15– 
20 mg/kg of TMP and 75–100 mg/kg of SMX per day administered 3–4 times 
a day intravenously or orally.5 This dose is unfortunately associated with severe 
adverse effects, such as cytopenias (leucopenia and thrombocytopenia), increased 
serum creatinine, hyperkalemia, and gastrointestinal symptoms. These adverse 
events are not always well-tolerated and sometimes result in discontinuation of 
treatment.6,7 In addition, the minimum inhibitory concentration (MIC) of TMP- 
SMX against P. jirovecii infection has not been standardized.8
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Some reports have suggested that dose reduction of 
TMP-SMX might reduce the risk of adverse events while 
retaining efficacy in the treatment of PJP. Li et al reduced 
the dose of TMP-SMX for renal transplant recipients with 
PJP that experienced intolerable gastrointestinal side 
effects and still achieved a high recovery rate of 83%.9 

Similarly, Tu et al successfully treated three cases of 
severe PJP in renal transplant recipients with combination 
caspofungin and low-dose TMP-SMX (480 mg q8h).10

In the absence of randomized controlled trials, the opti
mal dosage of TMP-SMX in PJP remains unknown, and the 
existing literature reports conflicting results. The present 
study aimed to assess the efficacy of low-dose TMP-SMX 
for PJP treatment in recipients of a deceased donor kidney.

Materials and Methods
Enrollment of Participants
The present retrospective, single-center cohort study enrolled 
adult deceased donor kidney recipients at the Affiliated 
Hospital of Qingdao University (Qingdao, China) between 
January 2015 and June 2020. Rabbit anti-human thymocyte 
immunoglobulin (rATG), basiliximab, or ATG-F-Fresenius 
(ATG-F) were used to prevent immediate transplant rejection, 
and tacrolimus, mycophenolic acid (MPA), and prednisone 
were used to maintain immunosuppression thereafter. The 
inclusion criteria according to the institutional protocol were 
as follows: i) Chinese ethnicity; ii) received kidney transplant 
from a deceased donor; iii) experienced PJP after transplanta
tion; and iv) treated with TMP-SMX. Patients who received 
a simultaneous non-renal transplant, who were lost to follow 
up, or who used any experimental medications were excluded.

The donated organs were obtained with full informed con
sent from the next of kin of the donor. Kidney donations were 
conducted in accordance with the Declaration of Istanbul. This 
study was approved by the Ethics Committee of the Affiliated 
Hospital of Qingdao University (Qingdao, China; no. 
QYFYWZLL 26483). All procedures involving human parti
cipants were in accordance with the ethical standards of the 
institutional and national research committee and with the 
1964 Helsinki Declaration and its later amendments or com
parable ethics standards. Written informed consent was 
obtained from all individual participants included in this study.

Immunization and Prophylaxis Program
The induction regimen consisted of five doses of rATG and two 
doses of basiliximab or ATG-F. If rATG was administered, 
then 50 mg was administered on post-operative day (POD) 0 

and 25 mg on PODs 1, 2 and 3. If basiliximab was adminis
tered, then it was administered on PODs 0 and 4. ATG-F was 
administered as described previously.11 Maintenance therapy 
with oral tacrolimus, MPA, corticosteroids, and prophylaxis 
for P. jiroveci and cytomegalovirus (CMV) also was adminis
tered as described previously.11

Diagnosis of PJP
The diagnosis of PJP was made when Pneumocystis cysts or 
trophozoites were detected in bronchoalveolar lavage (BAL) 
fluid or sputum samples using Gomori’s methenamine silver 
staining (GMS) and patients’ computed tomography (CT) 
scans showed diffuse, patchy, and cloud-like density sha
dows with ground-glass-like morphology that were symme
trical and apically distributed in both lungs (Figure 1).

Treatment of PJP
All patients included in the present study were treated with 
oral TMP–SMX at dosages of 480/2400 mg per day 
divided into 3 doses, or at dosages of 240/1200 mg 
per day divided into 3 doses as previously reported10 

when the serum creatinine levels exceed 2 mg/dl. The 
antifungal medication caspofungin (50 mg) was adminis
tered once a day. Carbapenems or third generation cepha
losporin was used as prophylaxis against bacterial 
infection. Methylprednisolone was intravenously adminis
tered at a dose of 20 mg q12h, and at a dose of 40 mg q12h 
in critically ill patients with respiratory failure. Calcineurin 
inhibitor was continuously infused, and the concentration 
was maintained at around 5 ng/mL. Depending on the 
severity of the disease, mycophenolic acid was reduced 
or discontinued. Oxygen was delivered via nasal cannula 
or oxygen mask, or even invasive ventilation if necessary. 
CT scanning was carried out every 5–7 days to assess the 
progression of the pulmonary lesions.

Endpoint Definitions
The primary endpoints were the rates of patient and graft 
survival. Secondary endpoints included the rates of invasive 
ventilation and adverse effects, such as cytopenia (leucope
nia and thrombocytopenia), increased serum creatinine, 
hyperkalemia, and gastrointestinal discomfort.

Statistical Analysis
Data for continuous variables are expressed as mean ± stan
dard deviation if normally distributed or as median (range) if 
non-normally distributed. All statistical analyses were per
formed using SPSS 23 (IBM Corp., Armonk, NY).
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Results
Clinical Characteristics of Study 
Participants
Thirty-seven of the 1098 deceased donor kidney recipients 
screened between January 2015 and June 2018 were 
included in the final analysis. The demographic character
istics of these patients are presented in Table 1. The 
average age of the included patients was 45.9±10.1 years 
(range, 27–64 years). Out of the 37 patients, 26 were male 
(70.3%) and 11 were female (29.7%).

Clinical Presentations of Kidney 
Transplant Recipients
The majority of the kidney transplant recipients (86.5%, 950/ 
1098) received PJP prophylaxis with TMP-SMX for 6 
months, while 13.5% (148/1098) did not receive or discon
tinued TMP-SMX within 3 months after transplantation due to 
intolerable adverse effects such as an increased serum creati
nine level or severe leukopenia. None of the included patients 

were receiving TMP-SMX at the time when PJP occurred. 
The median time to occurrence of PJP after renal transplanta
tion among the included patients was 7 months (range, 2–16 
months). Onset of PJP occurred within 6 months after renal 
transplantation in 37.8% (14/37) of the patients, within 6–12 
months in 51.4% (19/37) of the patients, and after more than 
1 year in 10.8% (4/37) of the patients. PJP occurred within 1 
month after immunosuppressant treatment in 5.4% (2/37) of 
patients. The median time from onset of symptoms to treat
ment was 4 days (range, 1–35 days). The most common 
symptom was fever (28/37, 75.7%), followed by progressive 
dyspnea (15/37, 40.5%), and dry cough (10/37, 27.0%; 
Table 1).

Imaging Features of PJP in Kidney 
Transplant Recipients Treated with 
Low-Dose TMP-SMX
During the initial phases of PJP, the patients’ lung 
imaging changes were as described above. Air 

Figure 1 Representative CT images from four patients during the initial phase of PJP, all showing ground-glass opacities in the apexes of both lungs. (A) PJP occurred 10 
months after renal transplantation (RT) in a 35-year-old male recipient. CT showed ground-glass opacities in the apexes of both lungs. (B) PJP occurred 10 months after RT 
in a 47-year-old male recipient. CT showed a decrease in the transmittance of the two lungs, and diffuse ground-glass opacities in the apexes. (C) PJP occurred 13 months 
after RT in a 40-year-old male recipient. CT showed ground-glass opacities in the apexes of both lungs. (D) PJP occurred 1 month after anti-rejection treatment (14 months 
after RT) in a 43-year-old female recipient. CT showed increased clouding and ground-glass opacities in the apexes, and the edges were unclear.
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bronchogram was present in 16.2% (6/37) of the 
patients, and 8.1% (3/37) presented with multiple 
nodules in the mediastinum (Table 2). Pulmonary 
lesions were improved on CT scans after 5–6 days of 
treatment and significantly improved after 10 days in 
most patients. Complete absorption of the lesions or 
residual fibrosis was seen on CT scans during follow- 
up at 1–2 months after treatment (Figure 2).

Sputum smears were carried out in all included patients 
at the time of admission, but PJP was only detected in 5.4% 
(2/37) of the patients. The detection rate was significantly 
higher when induced sputum or BAL was performed. Cysts 
and trophozoites were detected by GMS in 76.5% (13/17) of 
the patients subjected to induced sputum testing, and 80.0% 
(24/30) of the patients that underwent BAL (Table 2).

Laboratory Test Results in Kidney 
Transplant Recipients with PJP Treated 
Using Low-Dose TMP-SMX
Elevated 1,3-β-D-glucan levels were seen in 83.8% (31/37) 
of the patients and the median level was 353 pg/mL (<10– 
1288 pg/mL). Increased lactate dehydrogenase levels, with 
a median level of 260 mmol/L (107–449 mmol/L) were 
found in 59.5% (22/37) of the patients. Decreased lympho
cyte counts with a mean value of 0.83±0.44 ×109/L were 
present in 81.1% (30/37) of the patients. Increased white 
blood cell counts were found in only 16.2% (6/37) of the 
patients, and the mean value was 7.03±2.76 × 109/L. CMV 

Table 1 Demographic Characteristics, Symptoms, Treatments 
and Outcomes

Characteristics Values

Age (years) 45.9 ± 10.1 (27–64)

Sex (male) 26 (70.3%)

Onset time (months) 7 (2–16)
≤6 14 (37.8%)

6–12 19 (51.4%)

≥12 4 (10.8%)

Symptoms

Fever 28 (75.7%)
Progressive dyspnea 15 (40.5%)

Dry cough 10 (27.0%)

Time from first symptom to medical visit 

(days)

4 (1–35)

≤3 15 (40.5%)
4–7 19 (51.4%)

>7 3 (8.1%)

Oxygen partial pressure while breathing 

ambient air (mmHg)

>80 11 (29.7)
71–80% 17 (45.9)

≤70% 9 (24.3%)

Oxygen therapy

Nasal cannula 4 (10.8%)

Oxygen mask 31 (83.8%)
Invasive ventilation 2 (5.4%)

Mean length of stay in hospital (days) 15 (7–99)
≤14 18 (48.6%)

14–21 13 (35.1%)

≥21 6 (16.2%)

Adverse effects

Hematologic side effects 2 (5.4%)
Hyperkalemia 1 (2.7%)

Raised creatinine 1 (2.7%)

Outcomes

Recovery 37 (100.0%)

Death 0 (0.0%)

Table 2 Laboratory and Radiological Findings

Characteristics Values

CT presentations
Diffuse ground-grass shadows 37 (100.0%)

Air bronchogram 6 (16.2%)

Multiple nodules 3 (8.1%)

White blood cell count >9.5 × 109/L 7.03 ± 2.76 (2.93–14.36)
6 (16.2%)

Lymphocyte count <1.1 × 109/L 0.83 ± 0.44 (0.40–2.68)
30 (81.1%)

1,3-β-D-glucan level >10 pg/mL 353 (<10–1288)
31 (83.8%)

Lactate dehydrogenase level >250 U/L 260 (107–449)
22 (59.5%)

Cytomegalovirus

Positive 6 (16.2%)
Negative 31 (83.8%)

BK virus
Positive 2 (5.4%)

Negative 35 (94.6%)

Etiology

Bronchoalveolar lavage 13/17 (76.5%)

Induced sputum 24/30 (80.0%)
Sputum smears 2/37 (5.4%)
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was detected in 16.2% (6/37) of the patients, and 5.4% (2/ 
37) of the patients were positive for BK virus (Table 2).

Clinical Outcomes and Adverse Effects of 
Low-Dose TMP-SMX Treatment for PJP 
in Kidney Transplant Recipients
The survival rates of patients and grafts were both 100%. 
The median length of hospital stay was 15 days (7–99 
days; Table 1); 48.6% (18/37) of the patients were dis
charged within 2 weeks; and 35.1% (13/37) of the patients 
were discharged after 2–3 weeks (Table 1). Only 5.4% (2/ 
37) of the patients required invasive ventilation (Table 1). 
Gastrointestinal discomfort was experienced by 21.6% (8/ 
37) of the patients, and the symptoms improved following 
usage of proton pump inhibitors and mucosal protective 
agents. The frequencies of hematologic side effects, hyper
kalemia, and transient impaired kidney function were 
5.4% (2/37), 2.7% (1/37), and 2.7% (1/37), respectively 
(Table 1). No cases required dose reduction of TMP-SMX 
or treatment discontinuation due to adverse effects.

Discussion
There is no consensus on the optimal dose of TMP-SMX 
for the treatment of PJP in renal transplant recipients. 
TMP-SMX is associated with various severe adverse 
events that are not well-tolerated by some renal transplant 
recipients. Finding the lowest possible effective dose with 
the best adverse event profile is therefore of clinical impor
tance. The present study presents evidence that low-dose 
TMP-SMX can provide adequate protection against PJP 
with a low incidence of adverse effects in deceased donor 
kidney recipients.

According to previous reports, the incidence of PJP 
was highest within 6 months after renal transplantation 
after intensifying immunosuppression.5,9 The Kidney 
Disease Improving Global Outcomes (KDIGO) and 
Kidney Health Australia Caring for Australians with 
Renal Impairment (KHA-CARI) guidelines recommend 
administering TMP-SMX for 3–6 months after kidney 
transplantation to prevent PJP.12,13 In the present study, 
all recipients received TMP-SMX as PJP prophylaxis for 

Figure 2 Representative CT images from a 28-year-old male patient that underwent deceased donor renal transplantation after 6 years of hemodialysis. The images show 
the change in CT features before and after treatment for PJP. (A) Signs of PJP appeared 11 months after renal transplantation. CT showed ground-glass opacities in both 
lungs in the first medical visit. (B) Five days after treatment, CT showed slight improvement of the pulmonary lesion. (C) Ten days after treatment, CT showed further 
improvement of the pulmonary lesion. (D) One month after treatment, CT showed complete absorption of the pulmonary lesion.
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6–12 months (86.5% of the patients received TMP-SMX 
for 6 months) unless severe leukopenia or kidney dys
function (serum creatinine level exceeding 2 mg/dl) were 
present. This might be why 62.2% (23/37) of the patients 
developed PJP more than 6 months after transplantation. 
When TMP-SMX (80 mg/400 mg) was administered for 
12 months after transplantation, the median time to onset 
of PJP was 17 months after transplantation and only 
23.1% (3/13) recipients developed PJP within 1 year.14 

It seems that the time from transplantation to PJP onset 
varies depending on the prevention program of each 
center and is delayed when the prophylaxis time is 
extended.

Elevated 1,3-β-D-glucan levels were seen in 83.8% 
(31/37) of the patients. Beta-D-glucan is a main structural 
component of P. jirovecii and the detection of beta- 
D-glucan has a high diagnostic value in HIV-infected 
patients.15 Elevated serum beta-D-glucan concentrations 
were also confirmed to be a good noninvasive indicator 
of P. jirovecii infection in renal transplant patients accord
ing to a previous study.16 It cannot be ignored that 1,3-β- 
D-glucan levels were not elevated in 6 of the patients in 
the present study. Although the sensitivity and specificity 
of beta-D-glucan vary according to differences in diagnos
tic criteria, detection time and cut-off value, these patients 
might be just colonized and not truly infected with 
P. jirovecii. The clinical relevance of beta-D-glucan 
needs to be explored in larger studies in renal transplant 
patients.

Cytomegalovirus (CMV) infection is considered to be 
an independent non-immunological risk factor for PJP.17 It 
has been reported that almost half of the kidney transplant 
recipients (46%) that suffer from PJP have experienced 
a previous or simultaneous CMV infection.14 In the pre
sent study, 16.2% (6/37) of the patients experienced 
a simultaneous CMV infection. CMV alters host immune 
responses through a variety of mechanisms, ultimately 
suppressing the functions of helper T and antigen- 
presenting cells.18 Therefore, one opportunistic infection 
in a transplant recipient should trigger an extensive search 
for another one.3

TMP-SMX is the first-line treatment for PJP both in 
HIV patients and non-HIV patients.4,19 Oral TMP–SMX 
therapy has excellent bioavailability and outstanding effec
tiveness and is widely used in clinical practice, but intra
venous administration of TMP–SMX has also been 
reported in patients with mild to severe PJP.20 The recom
mended dosage and period of TMP-SMX treatment is 

TMP 15–20 mg/kg/day + SMX 75–100 mg/kg/day for 21 
days for PJP in patients with HIV8 and 2–3 weeks for PJP 
in patients with solid organ transplantation.19 However, 
evidence from randomized controlled trials supporting 
this dosage regime is lacking. Thomas et al suggests that 
low dosage of TMP 10 mg/kg/day + SMX 50 mg/kg/day 
has comparable efficacy in HIV PJP.21 Tu et al also 
attempted to treat PJP using low-dose SMX-TMP.10 We 
treated all of our renal transplantation recipients that 
acquired PJP with low-dose TMP-SMX for 2–3 weeks 
and achieved good outcomes. The patient and graft survi
val rates were both 100% among the 37 patients in the 
present study.

The most common adverse events following SMX-TMP 
treatment are hematological side effects, renal or hepatic 
dysfunction, and gastrointestinal discomfort.9 Tu et al trea
ted two cases of PJP in renal transplant recipients with 
TMP-SMX at the initial dose of 240/1200 mg q8h, but the 
dose was reduced to 80/400 mg tid in one case because of 
hepatic dysfunction and in the other case due to 
leukopenia.10 Similarly, when Li et al gave patients oral 
TMP–SMX therapy at a dose of 1–6 g/kg divided over three 
administrations, the dosage of SMX was later reduced due 
to adverse reactions in some patients.9 Some published 
studies reported poor tolerability and high discontinuation 
rates even when SMX-TMP was used at 1 single-strength 
tablet daily as PJP prophylaxis in kidney transplant 
recipients.22–24 In the present study, all the eligible patients 
were treated with TMP–SMX 480/2400mg or 240/1200mg 
per day divided into three doses, and only 21.6% (8/37) of 
the patients experienced gastrointestinal symptoms, 5.4% 
(2/37) suffered hematologic side effects, 2.7% (1/37) devel
oped hyperkalemia, and 2.7% (1/37) experienced transient 
impairment in kidney function. TMP–SMX was not 
reduced or discontinued for any patient as a consequence 
of the adverse effects. Therefore, the dose of TMP-SMX 
used against PJP in deceased donor kidney recipients in the 
present study provided adequate protection with a low inci
dence of adverse events.

TMP-SMX treatment alone can have an inadequate 
effect against some cases of PJP, as it is less effective 
against the cystic form of P. jirovecii. Although trophic 
forms constitute 90–95% of all Pneumocystis life cycle 
stages, mature cysts can be detected in the bronchial 
lumen.25,26 Caspofungin targets the synthesis of β-1,3-glu
can, a major component of the P. jirovecii cell wall and 
thereby is effective for the treatment of PJP.10,27 

Combination of low-dose TMP-SMX and caspofungin 
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therefore has a theoretical advantage of being able to target 
all forms of P. jirovecii. Previous case reports have shown 
this combination to be effective in the treatment of severe 
PJP and to enable the dose of TMP-SMX to be lowered, 
thereby decreasing the incidence of TMP-SMX–related 
adverse events.10,28 In the present study, all 37 PJP 
patients were treated with low-dose TMP-SMX and cas
pofungin, and the combination demonstrated satisfactory 
results, which is in line with previous case reports.

There is currently no consensus on the efficacy of 
adjunctive glucocorticoid therapy in the treatment of PJP 
in solid organ transplant recipients. The optimal dose and 
duration are also elusive in cases of renal transplantation. 
According to the American Society of Transplantation, 
glucocorticoids are recommended to be administered 
within 72 hours if PaO2 drops below 70 mmHg.20 

However, in clinical practice, adjunctive glucocorticoids 
are often administered as soon as possible in most cases 
with an abrupt onset and poor prognosis.9,10 In the present 
study, all 37 PJP patients were treated with methylpredni
solone 20–40 mg twice daily during the early stage of the 
disease, instead of waiting until severe hypoxia. The 
results were good, and only 5.4% (2/37) of the patients 
later required invasive ventilation.

Although it is well known that immunosuppression is 
the main reason for PJP, the optimal strategy for immuno
suppression is still unclear. Most reports encourage the 
reduction of immunosuppression as a general measure 
during the treatment of PJP.29 Tacrolimus and mycophe
nolate mofetil were discontinued in the three cases of 
severe PJP in renal transplant recipients reported by Tu 
et al10 and Goto et al8 initially only discontinued myco
phenolate mofetil for 2–3 weeks but went on to discon
tinue both tacrolimus and mycophenolate mofetil 
temporarily when PJP seriously threatened the life of the 
patient. In our protocol, tacrolimus was continued and 
the trough concentration was maintained at 5 ng/mL unless 
the medication had to be stopped to save the patient’s life. 
Mycophenolate mofetil was reduced or discontinued 
depending on the severity of the illness. Only 2.7% (1/ 
37) of the patients discontinued tacrolimus and 5.4% (2/ 
37) discontinued mycophenolate mofetil in the present 
study. The grafts from deceased donors maintained good 
function, and no rejection occurred during treatment.

Conclusions
In conclusion, the present study is a retrospective and non- 
randomized single-center study with no control group. We 

observed good outcomes with a comprehensive preemptive 
treatment regime including low-dose TMP–SMX and caspo
fungin as antipathogenic therapy, third generation cephalos
porin or carbapenems to prevent bacterial infection, and 
glucocorticoids as anti-inflammatories. Moreover, immuno
suppression was reduced when necessary and oxygen inhala
tion or inventive ventilation was applied to improve 
hypoxemia. The results suggest that low-dose TMP-SMX in 
the treatment of PJP in deceased donor kidney recipients is 
feasible when given as a part of this comprehensive treatment 
regime.
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