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Purpose: To analyze the clinical characteristics of Pneumocystis pneumonia (PCP) in renal

transplant recipients, identify early sensitivity indicators, and optimize clinical strategies.

Patients and Methods: We retrospectively analyzed clinical data for 24 patients with

confirmed PCP who underwent renal transplantation (RT) between 2010 and 2019, encom-

passing a mean follow-up of 29 (range, 11–49) d.

Results: A 71% incidence was observed for PCP during the first 6 months after RT.

Progressive dyspnea (79%) was the most common symptom, followed by fever (75%) and

dry cough (67%). In the initial phase of PCP, the most frequent computerized tomography (CT)

finding was the presence of symmetric, apically distributed ground-glass opacities. Nine of 11

patients (82%) were diagnosed by induced sputum testing, 14 of 17 (82%) by bronchoalveolar

lavage, and 1 of 24 (4%) by sputum smear. The 1,3-β-D-glucan level was elevated (mean,

259.16 ± 392.34 pg/mL) in 80% of patients, while 75% had elevated C-reactive protein levels

(median, 37.85 mg/L). Two of 18 patients (11%) were positive for cytomegalovirus. All

patients were treated with trimethoprim-sulfamethoxazole (3 doses of 1–6 g/kg) and third-

generation cephalosporin or moxifloxacin monotherapy to prevent bacterial infection. The

methylprednisolone dose (40–400mg/d) varied according to illness. Most patients were treated

using a nasal cannula or oxygen mask, and 2 by mechanical ventilation. CT showed improved

lesions after treatment, and completely absorbed lesions or residual fibrosis at follow-up. The

mean hospitalization cost was 14,644.73 ± 11,101.59 RMB.

Conclusion: Peak PCP incidence occurred during the first 6 months after surgery.

Progressive dyspnea, fever, and dry cough are important indicators for PCP. Bilateral and

diffuse ground-glass opacities involving both lung apexes are often the first indication for

PCP diagnosis. Induced sputum testing may be the method-of-choice for pathogen detection.

The cure rate can be improved through early antipathogen, glucocorticoid, and preventive

anti-infection therapies, as well as respiratory support.

Keywords: renal transplantation, Pneumocystis jirovecii, clinical characteristics, optimize
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Introduction
Pneumocystis jirovecii is an opportunistic pathogenic fungus that causes

Pneumocystis pneumonia (PCP) in humans. Pneumocystis jirovecii primarily infects

immunocompromised individuals, causing damage to lung tissues. Pneumocystis

pneumonia is one of the leading causes of death in HIV-positive patients. Several

studies have shown that PCP is more prevalent in susceptible HIV-negative patients,

including patients with solid tumors, those receiving solid organ transplants, espe-

cially kidney transplants, and hematopoietic stem cell transplant patients or those

with lymphoproliferative disorders.1–6 Allogeneic renal transplantation (RT) is
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recognized as the treatment of choice for end-stage renal

disease. Although the use of immunosuppressive agents can

greatly improve the success rate of RT, recipients are at high

risk of infection. Pneumocystis pneumonia is a significant

cause of morbidity and mortality in RT recipients, with

incidence varying between 0.3% and 2.6%,7 while mortality

rates can be as high as 50%.8

There is a preliminary consensus on the diagnosis and

treatment of PCP in HIV-positive patients. However, the

sensitivity of diagnostic indicators for PCP after RT is not

well defined, and a gold standard test is lacking, making

diagnosis relatively difficult. A retrospective study of PCP

in adults in the UK over a decade found that the number of

reported PCP-related deaths exceeded that of laboratory-

confirmed cases.1 A lack of effective management leads to

the abuse of broad-spectrum antibiotics, and premature use

of ventilator-assisted breathing or extracorporeal membrane

oxygenation (ECMO). This wastes medical resources,

greatly increases the economic burden and length of hospital

stays for patients, increases mortality rates, and reduces long-

term prognosis.

Therefore, we retrospectively analyzed the clinical

symptoms, imaging data, laboratory test results, and ther-

apeutic efficacy for 24 patients in our hospital with PCP

confirmed after parental-donor RT. We aimed to identify

indicators of sensitivity and optimize clinical management

strategies, thereby providing a basis for preemptive treat-

ment of PCP.

Materials and Methods
Study Population and Methods
Data for PCP patients diagnosed after undergoing RT from

2010 to 2019 were retrospectively analyzed by searching

the information archived and coded by the Anhui Provincial

Hospital. The inclusion criteria were: (1) negative for HIV

antibodies; (2) receiving triple immunosuppressive therapy

after transplantation (mycophenolate mofetil + tacrolimus/

cyclosporine + glucocorticoids); (3) no preventive treat-

ment. The Medical Research Ethics Committee of the

Anhui Provincial Hospital approved the study. Because

this was a retrospective study and is traceable, the commit-

tee exempted informed consent. The hospital is committed

to protecting patient privacy and complying with the

Helsinki Declaration.

The diagnosis of PCP was confirmed by detection of

Pneumocystis cysts or trophozoites in bronchoalveolar lavage

(BAL) fluid or sputum samples using Gomori’s methenamine

silver staining (GMS). Imaging was mainly obtained by chest

computerized tomography (CT) scanning using a 64-row

spiral Optima CT680 scanner (GE Healthcare, USA). Each

patient underwent a whole-lung, routine dose exposure, spiral

CT scan with 5-mm slices.

The information recorded included gender, age, coexist-

ing diseases, donor source, time of first surgery, clinical

symptoms, CT findings and laboratory test results at admis-

sion and after treatment, etiology, therapy, treatment out-

comes, hospitalization days, and total cost after follow-up.

Statistical Analysis
All statistical data were analyzed by IBM SPSS software

v.16.0 (Chicago, IL, USA). Normally distributed data are

expressed as means ± standard deviation, and non-normally

distributed data as medians (interquartile range).

Results
Demographic Characteristics
As of March 2019, a total of 24 patients met the above

study conditions. The average age of the subjects was 39 ±

7 years, and ranged from 29 to 57 years (Table 1). Of the

24 patients, 16 were males (67%) and 8 females (33%).

Clinical Presentations
All the patients underwent parental-donor renal transplan-

tation; 17 of them (71%) had a time of PCP onset within 6

months after RT, 5 (21%) within 6 to 12 months, and 2

(8%) longer than 1 year. The most common symptom was

progressive dyspnea (19/24, 79%), followed by fever (18/

24, 75%), dry cough (16/24, 67%), and production of

white phlegm (7/24, 29%) (Table 1).

Imaging Features
Among all the patients, CT scans revealed increased diffuse,

patchy, and cord-like density shadows in both lungs, showing

a ground-glass-like morphology, and a symmetrical and apical

distribution in the initial phases. Meanwhile, 4 patients (17%)

presented lesions with air bronchogram, 4 (17%) with pleural

effusion, 1 (4%) with pleural thickening, and 1 (4%) with

multiple nodules in the mediastinum (Table 1, Figures 1

and 2).

Etiology
Cysts and trophozoites were detected in 9 of 11 patients who

underwent induced sputum testing, as detected by GMS. Of

the 17 patients subjected to BAL, 14 (82%) were positive for
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PCP. Although all the patients were sent for sputum smears at

the time of admission, PCP was detected in only one (4%)

patient.

Laboratory Tests
Table 1 shows the results of laboratory tests at the time of

patient admission to the hospital. It is worth clarifying that

not all patients recorded the following laboratory tests on

admission. Sixteen of 20 patients (80%) showed elevated

1,3-β-D-glucan levels with a mean of 259.16 ± 392.34 pg/

mL. The median C-reactive protein (CRP) value was 37.85

(52.55) mg/L, and was elevated in 15 of 20 patients (75%).

The percentage of neutrophils increased in 15 of 21

patients (71%), with a median of 82.4% (15.9). Five of

Table 1 Demographic Characteristics, Symptoms, Auxiliary

Examination, and Treatment of 24 Patients with PCP After RT

Characteristic Values

Median age (range) – years 39 ± 7 (29–57)

Gender

Male 16/24 (67%)

Female 8/24 (33%)

Coexisting illness

Hypertension 6/24 (25%)

Diabetes 3/24 (13%)

Heart disease 2/24 (8%)

Postoperative immunosuppressant

Mycophenolate mofetil + tacrolimus +

glucocorticoid

8/24 (33%)

Mycophenolate mofetil +cyclosporine

+ glucocorticoid

16/24 (67%)

Onset time

≤6 month 17/24 (71%)

6–12 month 5/24 (21%)

≥12 month 2/24 (8%)

Symptoms

Progressive dyspnea 19 (79%)

Fever 18 (75%)

Dry cough 16 (67%)

Expectoration 7 (29%)

Oxygen saturation while breathing

ambient air

>96% 11/24 (46%)

91–96% 6/24 (25%)

<91% 7/24 (29%)

CT presentations

Diffuse ground-grass shadows 24/24 (100%)

Air bronchogram 4/24 (17%)

Pleural effusion 4/24 (17%)

Pleural thickening 1/24 (4%)

Multiple nodules 1/24 (4%)

Laboratory tests— mean/median

1,3-β-D-glucan >10 pg/mL 259.16 ± 392.34 pg/mL

(16/20, 80%)

C-reactive protein >8 mg/L 37.85 (52.55) mg/L (15/

20, 75%)

Percentage of neutrophils >75% 82.4 (15.9)%

(15/21, 71%)

White blood cell count >9.5 × 109/L 8.11 ± 4.30 × 109/L

(5/21, 24%)

Procalcitonin >0.5 ng/mL 0.16 (0.49) ng/mL

(5/15, 33%)

Percentage of CD4+ T cells <28.5% 34.6 ± 11.9%

(5/23, 22%)

(Continued)

Table 1 (Continued).

Characteristic Values

Percentage of CD3+ T cells <59.4% 76.98 ± 11.08%

(1/23, 4%)

Sputum culture

Cytomegalovirus 2/18 (11%)

Klebsiella pneumoniae 2/16 (13%)

Acinetobacter baumannii 1/16 (6%)

Pseudomonas aeruginosa 1/16 (6%)

Etiology

Bronchoalveolar lavage 14/17 (82%)

Induced sputum 9/11 (82%)

Sputum smears 1/24 (4%)

Mean hospitalization days (range) –

days

17 ± 7 (5–33)

≤14 d 8/24 (33%)

14–21 d 10/24 (42%)

≥21 d 6/24 (25%)

Median cost— RMB (exclude the

dead)

14,644.73 ± 11,101.59

≤10,000 RMB 8/24 (33%)

10,000–20,000 RMB 10/24 (42%)

≥20,000 RMB 6/24 (25%)

Oxygen therapy

Nasal oxygen breath 19/24 (79%)

Mask oxygen 2/24 (8%)

Noninvasive ventilation 1/24 (4%)

Invasive ventilation 1/24 (4%)

Extracorporeal membrane oxygen 1/24 (4%)

Treatment outcome

Recovery 20/24 (83%)

Death 4/24 (17%)
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21 patients (24%) had an increased white blood cell count,

with a mean value was 8.11 ± 4.30 × 109/L. The median

procalcitonin (PCT) value was 0.16 (0.49) ng/mL, and

only 5 of 15 patients (33%) presented abnormal values.

Of 23 patients, only 1 (4%) showed a decreased percen-

tage of CD3+ T cells (mean, 76.98 ± 11.08%), and 5 (22%)

a decreased percentage of CD4+ T cells (mean, 34.6 ±

11.9%). Two out of 18 patients (11%) tested positive for

cytomegalovirus (CMV). In addition, 2 out of 16 patients

(13%) were positive for Klebsiella pneumoniae, 1 (6%)

was positive for Acinetobacter baumannii, and 1 (6%) was

positive for Pseudomonas aeruginosa.

Treatment and Clinical Outcomes
All 24 patients were treated with trimethoprim–sulfamethox-

azole (TMP–SMZ) (1–6 mg/kg, divided into 3 doses) as

antipathogen therapy and received sodium bicarbonate

tablets to alkalize the urine, accompanied by third-

generation cephalosporin or moxifloxacin monotherapy to

prevent bacterial infection. Some patients had adverse reac-

tions, such as nausea and vomiting, but these symptoms

improved following dose reduction. The methylprednisolone

dose (40–400 mg/d) varied depending on the illness. Most

patients were treated using a nasal cannula (19/24, 79%) or

oxygen mask (2/24, 8%) early during hospitalization. In

addition, of the 24 patients, 1 (4%) was given non-invasive

ventilation, 1 was applied intubation, and 1 was given

ECMO. After treatment, CT scans indicated that the lesions

were absorbed, and index values such as those for CRP and

1.3-β-D-glucan levels, were decreased. A total of 4 patients

(17%) died. One patient (4%) died of renal allograft dysfunc-

tion, 1 of bloodstream infection, and 2 (8%) of respiratory

failure. The mean hospitalization time was 17 ± 7 d. Eight

patients (33%) were hospitalized within 2 weeks, and 10

(42%) within 3 weeks. Six patients (25%) were hospitalized

for more than 3 weeks. Excluding patients who died, the

mean hospitalization cost was 14,644.73 ± 11,101.59 RMB.

Eight patients (33%) had a total cost of less than 10,000

BA

DC

Figure 1 Computed tomography (CT) showed ground-glass opacities in the apexes of both lungs in the initial phase of Pneumocystis pneumonia (PCP). (A) A 31-year-old

male patient underwent parental-origin renal transplantation (RT) after 3 years of hemodialysis, and PCP occurred 7 months after RT. In the early stages, CT showed ground-

glass opacities in the apexes of both lungs. (B) A 37-year-old female patient underwent RT after 8 years of hemodialysis, and PCP occurred 3 months after surgery. CT

showed a decrease in the transmittance of the two lungs, and diffuse, plaque-like, and strip-like opacities were seen in both apexes. (C) A 30-year-old male patient

underwent RT after 1 year of hemodialysis, and PCP occurred 3 months after RT. CT showed increased clouding and ground-glass opacities in the apexes of both lungs, and

the edges were unclear. (D) A 39-year-old male patient underwent RT after 5 years of hemodialysis, and PCP occurred 3 months after surgery. CT showed ground-glass and

strip-like, high-density shadows scattered across the apexes of both lungs.
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RMB, and 10 (42%) between 10,000 and 20,000 RMB. CT

scans for 20 of the 24 patients (83%) showed complete

absorption or residual fibrosis of the lesion during 1–2

months of follow-up (Table 1).

Discussion
In this study, we restrospectively analyzed the characteristics

of 24 PCP patients after RT. The analysis showed that physi-

cians must be highly alert to PCP if clinical symptoms of

progressive dyspnea, fever, and dry cough occur within 6

months of RT. Computerized tomography showed diffuse,

patchy, ground-glass opacities at the apexes of both lungs in

the initial phases, low white blood cell count and PCT levels,

as well as elevated 1.3-β-D-glucan levels. Once suspected,

immediate preemptive antimicrobial treatment should be

undertaken while waiting for the results of mycological

investigations.9

The incidence of PCP after RT is related to the degree

of immunosuppression. Because the immunosuppressive

regimen is strongest within 6 months of RT, the incidence

of PCP is also highest during this period.10 When the

immune function is normal, the body can actively phago-

cytose and kill pathogens through macrophage activity,

and T lymphocytes, especially CD4+ T lymphocytes,

secrete cytokines that promote pathogen clearance.

However, when the immune system is impaired,

P. jirovecii can multiply and produce trophozoites that

adhere to type I alveolar epithelial cells and destroy the

alveolar wall. This induces inflammation, expansion and

widening of the alveolar space, and type II alveolar cell

reactive hyperplasia and thickening. This is accompanied

by lymphocyte and plasmocyte infiltration, resulting in

increased alveolar–capillary blood–gas exchange dysfunc-

tion, especially impaired oxygen diffusion, which even-

tually leads to pulmonary fibrosis.11 Consequently, patients

can develop progressive dyspnea or even respiratory fail-

ure. Analysis of CT scans showed diffuse injury in both

lungs, consistent with the results of this study. It is good

BA

DC

Figure 2 Lung CT showed diffuse, plaque-like, ground-glass opacities in both lungs. (A) A 37-year-old male patient underwent RT after 4 years of hemodialysis, and PCP

occurred 4 months after surgery. CT showed plaque-like, grid-like, high-density shadows and clouding in both lung fields, with blurred edges. (B) A 40-year-old female

patient underwent RT after 1 year of peritoneal dialysis, and PCP occurred 5 months after surgery. CT showed increased multiple plaque-like opacities in the lungs, and the

edges were unclear. (C) A 36-year-old male patient underwent RT after 1 year of hemodialysis, and PCP occurred 3 months after surgery. CT showed diffuse, ground-glass,

high-density shadows in both lungs, with unclear edges. (D) A 34-year-old male patient underwent RT after 2 years of hemodialysis, and PCP occurred 4 months after

surgery. CT showed scattered, plaque-like opacities in both lungs with unclear edges.

Dovepress Li et al

Infection and Drug Resistance 2020:13 submit your manuscript | www.dovepress.com

DovePress
85

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


practice to start using adjuvant corticosteroid therapy

within 72 h of commencing PCP-specific therapy when

hypoxemia (PaO2 <70 mmHg) occurs, as updated by the

American Society of Transplantation; this can significantly

improve prognosis, including avoidance of endotracheal

intubation and reduced mortality.12 All the patients in

this study were treated with different doses of methylpred-

nisolone at the early stage of the disease to suppress

inflammation and reduce lung injury.

PCP in HIV-negative patients reportedly does not pre-

sent abnormal features on chest radiographs in the early

stage of the disease owing to acute onset, and some

patients seem almost normal and have poor diagnosis

sensitivity. In contrast, in CT scans, PCP infections present

as crazy paving patterns, ground-glass opacities, crescent-

shaped patterns, and single or multiple nodules. Of these,

ground-glass opacities are the most common.13 In addition

to PCP, CMV is also a major complication arising after

solid organ transplantation. The CT profile is similar to

that of PCP, but additionally features micronodules and/or

air cavities with ground-glass shadows. Differential diag-

nosis can be achieved through quantitative nucleic acid

detection, serology, and histopathology. In this study, 2 of

18 (11%) patients were positive for CMV and were treated

with ganciclovir antiviral therapy. Moreover, we also

found that all the patients were treated with third-

generation cephalosporin or moxifloxacin monotherapy to

prevent infection. Because patients may develop new

coughs and/or fever, and CT patterns of interstitial pneu-

monia may be detected, physicians must be alert to the

possibility of community-acquired pneumonia.

There are currently no clinically specific laboratory indi-

cators for monitoring PCP infection after RT. Although leu-

kocytes and neutrophils are involved in non-specific cellular

immunity, detection using these hematological parameters is

susceptible to interference from antibiotics. The CRP level is

a highly sensitive indicator of tissue damage or inflammatory

responses to various pathogens. However, it lacks specificity

and cannot distinguish between infection types. In our study,

the number of CD3+ and CD4+ T lymphocytes decreased in

only a few patients, and most showed values within the

normal range, or even slightly increased values. This indi-

cates that Tcell subsets can not be used as an early marker for

PCP onset after RT. We also found that the levels of 1.3-β-
D-glucan in most patients (16/20, 80%) increased to varying

degrees. This polysaccharide is present on the cell wall of

P. jirovecii and can be released into peripheral blood or

plasma after phagocytosis. Therefore, an increase in the

level of circulating 1,3-β-D-glucan is important laboratory

evidence for PCP. This endorsement is based on sensitivity

and negative predictive values of ≥90% and ≥97%,14–16

respectively, as determined by several meta-analyses. It has

been reported that the values for the test were usually >500

pg/mL.17 1,3-β-D-glucan is commonly used as a highly sen-

sitive and specific predictor of aspergillosis in clinical prac-

tice. Aspergillosis is mainly caused by Aspergillus fumigatus.

Similar to PCP patients, aspergillosis patients often exhibit

clinical symptoms such as a dry cough and dyspnea. Some

patients have hemoptysis, and respiratory failure may occur

in severe cases. However, there are characteristic imaging

differences, including a halo sign and air crescent sign, which

can distinguish aspergillosis from PCP. Therefore, we believe

that elevated 1,3-β-D-glucan levels, combined with the ima-

ging features of interstitial pneumonia, requires a high degree

of suspicion of PCP. It should be stressed that 1,3-β-D-glucan
is not a PCP-specific diagnostic marker, and a negative or

non-significant increase in 1,3-β-D-glucan levels cannot

completely rule out the possibility of PCP. However, other

factors may be excluded, such as receiving antipathogen

treatment before admission.

Detecting the pathogen under a microscope is the tradi-

tional method of PCP diagnosis, and this evidence is suffi-

cient for diagnosis.7 Therefore, after collecting respiratory

tract specimens from all patients with a high degree of

clinical suspicion for PCP, we only used GMS for confirma-

tion of the presence of P. jirovecii. Invasive techniques

include BAL and transbronchial biopsy. Using these techni-

ques, samples can be collected directly, and the detection rate

is high. However, invasive techniques carry greater risks and

a heavy economic burden. Non-invasive techniques mainly

include expectorated sputum and induced sputum, among

others. These methods are simple and samples are easy to

obtain, making them commonly used methods for determin-

ing the presence of respiratory pathogens in clinical practice.

However, sufficiently large specimens are required for test-

ing. Most patients with PCP after RT present with a dry

cough. In our study, only 7 patients (29%) produced a small

amount of white phlegm. The American Society of

Transplantation recommends initial screening of multiple

sputum specimens, and BAL can help with rapid

diagnosis.12 But for some patients with severe PCP, espe-

cially those on ventilators, invasive BAL techniques may not

be tolerated for extended periods. In this study, the detection

rate for induced sputum was not substantially different from

that for BAL. Based on multifactor comparison, we recom-

mend induced sputum as the specimen of choice.
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TMP–SMZ is the recommended first-line treatment for

PCP.12 At present, oral TMP–SMZ therapy is widely used

in clinical practice, although intravenous TMP–SMZ

administration is reportedly preferred for patients with

mild to severe PCP.9 Treatment time is approximately

2–3 weeks, and clinical symptoms usually improve after

4–8 d.12 However, TMP–SMZ can frequently cause

adverse reactions, such as drug allergy, myelosuppression,

hemolytic anemia, hepatic or renal dysfunction, nausea

and vomiting, and central nervous system toxicity.

Notably, response to therapy should be closely monitored,

and blood, hepatic and renal function, and other related

indicators should be regularly tested. In this study, all the

patients were given oral TMP–SMZ therapy (1–6 g/kg,

divided into 3 doses), supplemented with orally adminis-

tered sodium bicarbonate to alkalize urine. Although some

patients had adverse reactions, including nausea and

vomiting, the symptoms gradually disappeared after dose

reduction, and there was no withdrawal of SMZ–CO

owing to adverse drug reactions. TMP–SMZ is also

recommended for the prevention of PCP after RT.18

However, because of the possibility of drug resistance

and the toxic effects of sulfonamides on the kidneys,

none of our patients received preventive treatment.

Most patients that develop PCP after RT are character-

ized by progressive dyspnea, and receiving ventilation in

the early stages of the disease can greatly improve symp-

toms. All the patients in this study were given a nasal

catheter or mask for oxygen inhalation at admission.

Mechanical ventilation is an indicator of poor prognosis,9

and can easily cause lung injury and ventilator-associated

pneumonia, resulting in increased mortality. In our study,

of the 4 patients (17%) that died, 2 (8%) used ventilators,

while 1 (4%) underwent ECMO and then died of

a bloodstream infection. Therefore, we believe that venti-

lator use, especially invasive mechanical ventilation,

should be avoided in PCP treatment.

Twenty patients (83%) exhibited improved clinical

symptoms and laboratory test results after the above treat-

ment. Reexamination by CT showed lesion absorption

after treatment, and then complete absorption or residual

fibrotic lesions during 1–2 months of follow-up. The aver-

age hospitalization time was 17 d, and only 6 patients

(25%) were hospitalized for more than 3 weeks. The

total cost for 18 patients (75%) was less than 20,000

RMB. Therefore, an optimized PCP treatment plan can

greatly reduce hospitalization costs, as well as improve

the cure rate and long-term quality of life after RT.

Conclusion
In summary, PCP should be highly suspected if clinical

symptoms of progressive dyspnea, fever, and dry cough

occur within 6 months after RT, and if symmetric, apically

distributed, ground-glass opacities are detected in both lungs

with CT. Preemptive treatment should be immediately

applied, including TMP–SMZ as antipathogenic therapy,

glucocorticoids as anti-inflammatories, third-generation

cephalosporin or moxifloxacin monotherapy to prevent bac-

terial infection, and ventilation to improve hypoxemia.

Induced sputum can be used as a preferred method for

pathogen detection. Further studies are needed to determine

the mechanisms involved in PCP-induced acute lung injury

after RT, and to intervene in the inflammatory response and

reduce mortality.
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