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Abstract

PJP is known to cause significant morbidity and rarely death in immunosuppressed patients. The 

prevalence and outcomes of PJP in pediatric solid-organ transplant patients are not well 

established. This study utilizes data from the PHTS to establish the prevalence and outcome of 

PJP in pediatric heart transplant recipients. We conducted a retrospective cohort study using data 

from the PHTS, including data from 24 institutions between January 1, 1993, and December 31, 

2004. Infections that occur in PHTS subjects are recorded in a standardized data collection form. 

The prevalence and outcomes of PJP in pediatric heart transplant recipients were determined. 

There were a total of 18 patients (1%) with PJP out of the 1854 pediatric heart transplant 

recipients in the PHTS database. A majority of PJP occurred two months to two yr post-transplant, 

and patients with PJP had a significantly decreased mortality compared with other fungal 

infections. PJP is an infrequent complication experienced by pediatric heart transplant recipients. 

Patients that have experienced PJP have an increased survival compared to patients with other 

fungal infections, and most PJP occurred within two yr of transplant.
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Introduction

Pneumocystis jiroveci infection, which commonly manifests as pneumonia, can cause 

significant morbidity and mortality in immunosuppressed patients (1). The epidemiology of 

PJP is likely due to either reactivation of a latent infection or to a new infection, but this 

continues to be debated (2, 3). The prevalence of PJP in the solidorgan transplant population 

varies, but has been estimated to be 2% to 15%, and is higher in the absence of prophylaxis 

(2, 4–12). Infection commonly presents between two and six months after transplant and is 

rare in the immediate post-transplant period (2, 13, 14).

The use of prophylactic antibiotics, most often TMP/SMX, has significantly decreased both 

the prevalence of PJP and PJP-related mortality (10). In the absence of AIDS, the mortality 

rate in immunosuppressed patients has been reported as high as 60% with the highest rates 

seen in cancer patients (15, 16). In the heart transplant population, the PJP-related mortality 

has been reported to be 19–45% (13, 14, 17).

There are no official guidelines for the use of PJP prophylaxis in solid-organ transplant 

recipients, but recommendations have been made for at least six months of prophylaxis 

following transplant (10, 18). A review of adult patients who underwent heart 

transplantation at Stanford University Medical Center between 1978–2005 showed a 

decreasing trend in Pneumocystis jiroveci infections (19). The authors attributed this trend to 

changes in immunosuppression and anti-microbial prophylaxis (19). Much of the literature 

regarding PJP in heart transplant patients is based on adult data, and the current prevalence 

and outcomes of PJP are not well established in the pediatric population. The purpose of this 

study is to establish the prevalence and outcome of PJP in pediatric heart transplant patients.

Methods

The PHTS is a prospective cohort study. The PHTS database is used to conduct the 

retrospective cohort study of PJP. During the current study period, there were 24 

contributing institutions, which represented approximately 60% of the heart transplants in 

the United States during the period. Patients from birth to 18 yr of age at listing who 

underwent heart transplant from January 1, 1993, to December 31, 2004, were included in 

the data set. The mean age of the patients at the time of transplant was 5.9 yr with a standard 

deviation of 6.2 yr. The age range at the time of transplant was 0–19.3 yr. There were a total 

of 1854 patients in the database, of which 58% were male. The study period accounted for a 

total of 6925 patient years of follow-up. Records of any prophylactic antibiotics taken by the 

patients at the time of infection, the location of the infection, treatment, and outcome were 

also obtained.

We examined the data using standard descriptive statistics, including means, standard 

deviations, and standard errors. We used standard Kaplan–Meier actuarial survival methods 
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combined with the log-rank test to determine freedom from infection. The study was 

approved by each institution’s institutional review board.

Results

Prevalence of infections

There were a total of 2038 infections in 1220 patients: 1107 (54.3%) of these infections 

were bacterial, 643 (31.6%) viral, 139 (6.8%) fungal, 10 (0.5%) protozoan, and 139 (6.8%) 

were of an unknown etiology. Of the 139 fungal infections in 123 individual patients, 18 

(13%) were because of Pneumocystis jiroveci in 18 individual patients (Table 1). This 

resulted in a rate of PJP infection of 1% during this study period for heart transplant patients 

and an incidence of 2.6 infections for every 1000 patient years. The percent freedom from 

PJP at 10 yr was 98.8% (Fig. 1).

Timing of infections after transplant

The onset of PJP occurred between 55 days and 10.7 yr post-transplant with 39% of 

infections occurring between two and six months after transplant and 94.5% of infections 

occurring within the first two yr (Table 2).

Age at the time of transplant

The ages of patients at the time of transplant who were eventually diagnosed with PJP 

ranged from seven days to 17.72 yr with 61% of patients being less than one yr of age at the 

time of transplant. Patients who received their transplant at less than one yr of age had a 

statistically significant higher rate of PJP infection in the first two yr post-transplant 

compared to patients who received their transplant at one yr of age or greater (p = 0.03). 

This difference in percent freedom from PJP was not present at 10 yr post-transplant (Fig. 

2).

Use of prophylactic antibiotics

Of the 18 patients with PJP, only two were documented to be taking TMP/SMX prophylaxis 

at the time of infection. In our study, 16 of 18 patients with PJP were taking no prophylactic 

antibiotics against PJP.

Outcomes

PJP was the cause of death in 0.05% of the entire cohort of patients and 5.5% of the patients 

with a PJP infection. Overall, there were 442 (23.8%) deaths among the 1854 heart 

transplant recipients during the study period. There were 60 (48.8%) deaths among the 123 

patients with a confirmed fungal infection, with six of the deaths occurring in patients with 

PJP. However, only one of the six deaths was directly attributable to PJP (Table 3). We 

attributed the death in patient 4 to PJP as it occurred less than 20 days after infection. Patient 

3 died of infection, but this occurred over two yr after PJP infection, so we did not consider 

this related to PJP. Compared with other types of fungal infections, patients with PJP had a 

higher percent freedom from death up to six yr after their first infection (p = 0.05) (Fig. 3). 
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There was no significant difference in the percent freedom from death at nine yr after the 

first fungal infection.

Discussion

The prevalence of PJP infection in the pediatric heart transplant patient population is very 

low at 1% with a freedom from infection at 10 yr post-transplant of 98.8%. This is half of 

the lowest reported prevalence in the solid-organ transplant population (2, 4, 7–12). This is 

also one of the few studies that include solely pediatric heart transplant recipients and 

encompasses a study period during which use of PJP prophylaxis is common. In 

comparison, Montoya et al. (13) report 43 PJP infections out of 620 heart transplant 

recipients (7%) between December 1980 and June 1996, Cardenal et al. (2) report PJP 

infections in four of 72 (5.5%) heart transplant recipients from January 1991 to December 

1996, and Grossi et al. (8) report seven cases of PJP out of 241 patients (2.9%) who 

underwent heart transplant between November 1985 and December 1991. While the above 

studies included adult heart transplant patients, Janner et al. (12) report a 7% (10/152) 

prevalence of PJP in infant (0–12 months) heart transplant recipients.

Contrary to previous studies that have reported PJP infection in patients not receiving 

prophylaxis, we find two patients on TMP/SMX who acquired PJP. Montoya et al. (13) 

report that TMP/SMX was initiated for PJP prophylaxis starting in 1988 for their study 

population, but all instances of PJP occurred in patients who did not take or could not 

tolerate TMP/SMX. Cardenal et al. (2) report that only one out of four patients had received 

TMP/SMX for primary prophylaxis, but discontinued it two months before developing PJP. 

None of the patients included in the study by Janner et al. (12) received PJP prophylaxis. 

TMP/SMX has previously been shown to be a highly effective prophylactic medication for 

the prevention of PJP, with no infections found in eight studies in 407 patients taking 

prophylaxis (10). In our study, 16 of the 18 patients who did develop PJP were not on 

prophylaxis at the time of the acute infection, implying that prophylaxis is not 100% 

effective. We unfortunately cannot comment on patient compliance, and therefore the 

significance of this finding is uncertain.

Previous studies describe PJP to be most common two to six months after transplant (2, 13, 

14). Our study shows 39% of infections occur between two and six months after transplant, 

but an additional 50% of infections occur from six to 24 months after transplant. This 

implies that the highest risk time period for PJP in heart transplant patients, despite the low 

prevalence, may extend up to two yr post-transplant.

The age of the patient at the time of transplant appears to be inversely related to the risk of 

PJP during the first two yr post-transplant. Children who receive their transplant at less than 

one yr of age have a significantly increased risk for PJP during the first two yr post-

transplant compared with children who are transplanted at one yr of age or greater. One 

could hypothesize an increased susceptibility in the infant age group exposed to 

immunosuppression at an early stage in the development of the immune system, and a more 

acutely unwell patient population with multiple comorbidities including chronic 
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hospitalization, previous surgical palliation, failure to thrive and/or growth issues, previous 

intubation and/or ventilation among others.

The direct mortality from PJP in this study is 5.5% of patients with PJP and only 0.05% of 

the entire cohort, which is significantly lower than what has been reported in previous 

studies (13, 14, 17). The timing of PJP was temporally far removed from death in the 

majority of patients who died with a history of PJP. Compared to other fungal infections, 

patients with PJP have an increased freedom from death up to six yr after their infection. 

This finding is similar to other studies, which have shown a higher attributed mortality for 

Aspergillus and Candida infections compared to PJP (13).

Limitations

One of the limitations of this study is the inability to accurately report the percent of patients 

who did not develop PJP and who were on prophylaxis. We also cannot comment on patient 

compliance for those who were instructed to receive PJP prophylaxis. Any multicenter 

database is hampered by inter-institutional differences in reporting and variability in clinical 

practice related to diagnosis and treatment. For PHTS, we minimize this difference by a very 

clear definition of when infection is to be reported. The study is also limited by the length of 

data collection. Changes in practice have occurred over the study period, which may affect 

the data, but it is unlikely that there has been a significant effect because of the infrequency 

of PJP infection.

Conclusion

In the current era, the prevalence of PJP in pediatric heart transplant patients is very low, 

and the mortality related to PJP continues to be less than other fungal infections. The time 

period during which these patients are at the highest risk for PJP appears to be from two 

months to two yr post-transplant. Patients who receive a transplant at less than one yr of age 

have a higher risk of acquiring PJP for the first two yr post-transplant. While it is difficult to 

make recommendations from this study, the data suggests that patients who are transplanted 

at under one yr of age will benefit the most from PJP prophylaxis during that first two yr 

after transplant.
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Fig. 1. 
Percent freedom from PJP in pediatric heart transplant recipients. There is a 98.8% freedom 

from PJP at 10 yr post transplant.
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Fig. 2. 
Percent freedom from PJP in pediatric heart transplant recipients based on age of transplant. 

Patients who receive a heart transplant at less than one yr of age show a decreased percent 

freedom from PJP compared to older transplant patients during the first two yr after 

transplant.
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Fig. 3. 
Percent freedom from death in heart transplant patients who have had PJP is higher 

compared to those with other fungal infections.
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Table 1

Types of fungal infections acquired by pediatric heart transplant patients

Class of fungus n % of 139

Yeast 92 66.2

 Blood and sterile site 29 20.9

 Non-blood 63 45.3

Mold 22 15.8

Pneumocystis 18 13.0

Other 7 5.0

Total 139 100

PJP makes up 13% of the total fungal infections.
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Table 2

Timing of PJP after heart transplantation

When PJP occurs: post transplant (month) n %

<2 1 5.5

2–6 7 39

6–12 4 22

12–24 5 28

>24 1 5.5

Total 18 100

A large majority of infections (89%) occur between two and 24 months after transplant.
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