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Abstract
Background: Pneumocystis jirovecii pneumonia (PJP) is high-
ly fatal once infection is established. In this study, we inves-
tigated the risk of PJP mortality in patients with inflamma-
tory bowel disease (IBD). Methods: We conducted a retro-
spective observational study of case data from IBD patients 

who developed PJP, compiled from 17 collaborating institu-
tions. Parameters such as age, sex, medications used, and 
blood test results were analyzed to identify risk factors for 
mortality. Results: The mortality rate among the 28 IBD pa-
tients who developed PJP was 17.9%. A low serum albumin 
level at the start of IBD treatment was identified as a risk fac-
tor for mortality and showed the following association with 
probability of death (P): P = 1/[1 + exp(–5.5 + 2.4 × Alb). The 
probability of death exceeded 0.5 when serum albumin was 
2.2 g/dL or lower. Conclusion: Patients with IBD who devel-
op PJP have a high mortality rate and often cannot continue 
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treatment with medication alone. Therefore, it is necessary 
to pay attention to albumin levels at the start of immunosup-
pressive therapy when creating a treatment plan.

© 2019 S. Karger AG, Basel

Introduction

It is now possible to induce and maintain remission 
in many patients with inflammatory bowel disease (IBD) 
through immunosuppressive therapy. However, reports 
of patients developing the opportunistic infection Pneu-
mocystis jirovecii pneumonia (PJP) due to their immu-
nocompromised state have also increased [1–7]. PJP is 
rare in the general population with an annual incidence 
of only 0.01–0.015%, but a study showed that 14.9% of 
PJP patients have IBD [8], and a large cohort study re-
vealed that the incidence of PJP among IBD patients is 
higher than in individuals without IBD (hazard ratio 
[HR] 2.96, 95% confidence interval [CI] 1.75–4.29) [9]. 
Age (≥55 years) and use of multiple immunosuppres-
sants, such as steroids, thiopurine, and anti-tumor ne-
crosis factor (anti-TNF) therapy, in particular have been 
identified as risk factors for PJP [10]. However, no previ-
ous study has investigated PJP mortality risk in IBD pa-
tients.

PJP is also known to be highly lethal once contracted. 
For this reason, Western consensus statements recom-
mend primary prophylaxis with sulfamethoxazole-tri-
methoprim in patients on triple immunosuppressive 
therapy including anti-TNF therapy or a calcineurin in-
hibitor [7]. However, whether prophylaxis is truly neces-
sary for all IBD patients remains under debate. We, there-
fore, decided to investigate PJP mortality risk in IBD pa-
tients in this study. Identification of risk factors for 
mortality would make it possible to avoid deaths from 
PJP and to limit use of sulfamethoxazole-trimethoprim 
prophylaxis to only those patients who require it.

Materials and Methods

About 50 institutions across Japan represented at the Achieve-
ment of IBD Total Management (AIM) Jr conference supported 
by EA Pharma were invited to participate, and data were collected 
from the 17 institutions with PJP patients who expressed intent to 
participate. Subjects were IBD patients who visited any of the par-
ticipating institutions from January 1, 2002, to December 31, 2017. 
Data compiled from IBD patients who developed PJP were evalu-
ated retrospectively in an observational study. Parameters such as 
age, sex, disease type, medication use history, and blood test results 
were evaluated.

PJP was diagnosed by either (1) the presence of characteristic 
features of pneumonia (e.g., interstitial pattern) on computed to-
mography or X-ray along with detection of elevated β-D glucan 
level or (2) a positive sputum polymerase chain reaction test.

History of use of immunosuppressants (e.g., anti-TNF therapy, 
steroids, calcineurin inhibitors, and thiopurine) to treat IBD from 
2 months before onset of PJP to the outcome date after onset of PJP 
was analyzed. Results of blood tests performed during IBD treat-
ment before PJP onset (up to 2 months before onset) and at PJP 
onset were also analyzed. The primary endpoint was PJP mortality 
in IBD patients. IBD outcomes after PJP onset were evaluated as a 
secondary endpoint.

The tenets of the Declaration of Helsinki and ethical guidelines 
regarding medical research on human subjects were adhered to. 
The study design was observational, and the protocol was ap-
proved by the ethics committees of each participating institution.

Factors contributing to mortality risk were analyzed by using 
Cox regression analysis and logistic regression analysis with evalu-
ated parameters as explanatory variables. In univariate logistic re-
gression analysis, prognosis was estimated using the following 
equations: logit(p) = p/(1 – p) = y, p = 1/(1 + exp[–y]). Each ex-
planatory variable was also compared between patients who died 
of PJP and patients who survived using either Student’s t test or the 
χ2 test.

Results

Data for 28 patients with IBD who developed PJP were 
compiled from participating facilities. Patients were 
mainly male (75% male, 25% female) and elderly (mean 
age ± standard deviation 60.1 ± 13.6 years), and the ma-
jority had ulcerative colitis rather than Crohn’s disease 
(85.8 vs. 14.2%). Severity of ulcerative colitis at PJP onset 
based on the Mayo score for ulcerative colitis activity was 
moderate in almost all patients, with a mean score of 7.3 
± 2.1. Almost all patients (89.3%) were on steroids to treat 
IBD. The next most frequently used category of drugs 
were immunomodulators at 60.1% (Table 1).

Most of the patients were using 2 (61% of patients, 17 
of 28) or 3 (25% of patients, 7 of 28) immunosuppres-
sants, but 14% (4 of 28) of patients developed PJP while 
on a single immunosuppressant. No patient who devel-
oped PJP received prophylaxis with sulfamethoxazole-
trimethoprim.

In the primary endpoint analysis for mortality, PJP 
mortality was 17.9% (95% CI 2.4–30.9) (Fig.  1). Mean 
time to death was 26.6 ± 18.1 days. Patients who died were 
significantly older than those who survived (69.0 ± 5.4 vs. 
58.0 ± 14.0 years; p = 0.011, Student’s t test) (Table 1).

In multivariate analysis using the Cox proportional haz-
ards model, serum albumin at the start of IBD treatment 
was found to be related to mortality risk during the 2 months 
after PJP onset (HR 0.04, 95% CI 0.002–0.97; p = 0.048). 
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Many patients who died were using multiple immunosup-
pressants, but this trend was not significant (Table 2). When 
the relationship between serum albumin and mortality was 
examined in univariate logistic regression analysis, serum 
albumin at the start of IBD treatment was identified as a 
significant risk factor for mortality (odds ratio 0.09, 95% CI 
0.01–0.52; p = 0.027). No other factors, including age at the 
start of treatment, drugs used in treatment, and C-reactive 
protein, were found to be significant (online suppl. Table 1; 
see www.karger.com/doi/10.1159/000495035 for all online 
suppl. material). When the probability of death within 2 
months of PJP onset was calculated using the results of this 
logistic regression analysis, the equation was P = 1/(1 + 
exp[–5.5 + 2.4 × Alb]). This shows that the probability of 
death exceeded 0.5 when serum albumin was 2.2 g/dL or 
lower (Fig. 2). Receiver operating characteristics curve anal-
ysis showed that a serum albumin cutoff of 2.75 g/dL pre-
dicted PJP mortality with 80% sensitivity and 87% specific-
ity (online suppl. Fig. 1). Total steroid dose from the start 
of IBD treatment to PJP onset (over the prior 2 months) was 

Table 1. Baseline characteristics

All 
(n = 28)

Mortality 
group 
(n = 5)

No-mortality 
group
(n = 23)

p value

Sex 0.780*
Male 21 (75) 4 (80) 17 (74)
Female 7 (25) 1 (20) 6 (26)

Median age ± SD, years 60.1±13.6 69±5.4 58±14 0.011**

IBD type 0.690*
Ulcerative colitis 24 (86) 4 (80) 20 (87)
Crohn’s disease 4 (14) 1 (20) 3 (13)

IBD therapy
Steroid 25 (90) 5 (100) 20 (87) 0.390
Thiopurine 17 (60) 4 (80) 13 (57) 0.330*
Calcineurin inhibitor 7 (25) 2 (40) 5 (22) 0.390*
Anti-TNF 10 (36) 0 (0) 10 (44) 0.066*

Laboratory data
Lymphocytes ± SD, /μL 1,361±648 1,077±522 1,406±667 0.400**
Albumin ± SD, g/dL 3.3±0.73 2.6±0.81 3.5±0.62 0.090**
C-reactive protein ± SD, mg/dL 2.3±3.4 2.9±2.0 2.2±3.7 0.560**

IBD activity
Mayo score ± SD 7.3±2.1
Crohn’s Disease Activity Index ± SD 310±114
Days ± SD to start steroid treatment 4.0±3.9 2.2±1.3 4.4±4.2 0.063**

Values are n (%) unless otherwise indicated. IBD, inflammatory bowel disease; SD, standard deviation. * χ2 
test. ** Student’s t test.
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Fig. 1. Survival curve after Pneumocystis jirovecii pneumonia mor-
bidity (the solid line is the survival curve; the dotted line is the CI). 
The survival rate is 82.1% (95% CI 69.1–97.6) at 60 days. CI, con-
fidence interval.
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also a significant risk factor for mortality in univariate lo-
gistic regression analysis (odds ratio 7.45, 95% CI 1.42–
76.48; p = 0.040).

IBD outcome analysis revealed that almost half of all 
patients (46.4%), including those who died as well as the 
21.4% of patients who underwent surgery and the 7.14% 
of patients with a serious complication requiring an in-
tervention such as intubation (e.g., respiratory failure) or 
dialysis (e.g., renal failure), were ultimately unable to con-
tinue IBD treatment with medication alone (online suppl. 
Table 2). Therefore, it is necessary to keep in mind that 
IBD becomes difficult to treat with medication alone after 
onset of PJP. It was also possible to maintain remission in 
6 of 9 patients who received repeated anti-TNF therapy 
combined with prophylaxis with sulfamethoxazole-trim-
ethoprim or another drug and in 3 of 9 patients with anti-
TNF therapy alone.

Discussion/Conclusion

Our study was the first cohort study of PJP mortality 
in the field of IBD. We developed an equation for predict-
ing PJP mortality risk based on our finding of low serum 
albumin levels in patients who died of PJP.

The risk of opportunistic infections is known to be 
high in IBD and other diseases treated with immunosup-
pressive therapy, and PJP has a particularly high mortal-
ity rate. Several past studies have examined PJP mortality 
rates in patients with IBD. In one study, the mortality rate 
among patients who developed PJP after starting treat-
ment with infliximab for IBD or chronic rheumatoid ar-
thritis was reported as high as 27% (23 of 84) [11]. In an-
other study, the mortality rate among patients found to 
have PJP during treatment with infliximab for Crohn’s 
disease was 30% (3 of 10) [12]. However, the incidence of 

PJP was not reported in the phase II or III clinical trials of 
infliximab for Crohn’s disease. This may be due to differ-
ences in patient populations and the low incidence of PJP. 
In a study of 86 patients with ulcerative colitis being treat-
ed with calcineurin inhibitors, the only patient developed 
PJP and died [13]. In summary, the reported PJP mortal-
ity is clearly high. We similarly found a high mortality 
rate (17.9%) in this study, and the mean PJP mortality rate 
among IBD patients calculated from our results com-
bined with results of past reports would be 25% (95% CI 
17–32%; τ2 = 0.0051, I2 = 0) (online suppl. Table 3). For 
this reason, it is extremely important to identify risk fac-
tors for mortality after PJP onset.

Our study was the first to examine risk factors for PJP 
mortality in the field of IBD, but other studies have iden-
tified risk factors in patients with other underlying dis-
eases. In a study of PJP mortality risk in patients with 
HIV, multivariate analysis showed that overall mortality 
was 13.5% and that age was related to mortality risk (ad-
justed odds ratio 1.54, 95% CI 1.11–2.23; p = 0.011) [14]. 
In this study, we did not find age to be a risk factor for 
mortality in Cox regression analysis or logistic regression 
analysis but did find in univariate analysis (Student’s t 
test) that patients who died were significantly older than 
those who survived. Possible reasons for this could be that 
our study only included IBD patients who developed PJP, 
the sample size was small, and the mean age of the patient 

Table 2. Risk factors associated with mortality (multivariate analy-
sis using Cox proportional hazards analysis)

HR 95% CI p value

Sex 2.12 0.13–33.70 0.596
Age 1.02 0.8–1.17 0.834
C-reactive protein 0.81 0.51–1.30 0.393
Number of immuno-

suppressive agents 1.38 0.14–13.65 0.783
Albumin 0.04 0.002–0.97 0.048

HR, hazard ratio; CI, confidence interval.
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Fig. 2. Correlation between mortality and serum albumin level. The 
prediction formula of mortality is logit (probability) = –5.5 + 2.4 × 
Alb (g/dL), conducted by logistic regression analysis. If serum al-
bumin level is < 2.2 g/dL at induction therapy, the mortality rate 
after Pneumocystis jirovecii pneumonia onset will be 50% or more.
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population was higher than that of past studies. As such, 
age may be found to be a significant risk factor for mor-
tality when more patients are analyzed going forward. A 
multivariate analysis of PJP mortality in patients who had 
received a kidney transplant or had chronic rheumatoid 
arthritis or systemic lupus erythematosus showed that de-
velopment of respiratory failure and percent increase in 
serum KL-6 were related to 90-day mortality [15]. In a 
recent review article, age and development of respiratory 
failure, among other factors, were identified as poor prog-
nostic factors in PJP patients without HIV infection [16]. 
The 5 patients who died in our study were all on mechan-
ical ventilation within 1 week after PJP onset and had rap-
idly progressing respiratory failure. However, develop-
ment of serious respiratory failure would be difficult to 
predict during treatment for IBD before PJP onset. Con-
sequently, we hoped that identifying factors that could 
predict PJP mortality risk in advance would help avoid 
development of serious respiratory failure.

Serum albumin, which we identified as a risk factor for 
mortality in our study, has also been shown to be associ-
ated with mortality in studies of PJP in several other dis-
eases. The difference in mean serum albumin between pa-
tients who died and patients who survived was −0.39 (95% 
CI −0.49 to −0.28; p < 0.001), demonstrating that mean 
serum albumin was significantly lower in patients who 
died [16]. This suggests the validity of the equation for 
prognostic prediction that we obtained through this study.

Western consensus statements recommend primary 
prophylaxis with sulfamethoxazole-trimethoprim in pa-
tients on triple immunosuppressive therapy including 
anti-TNF therapy or a calcineurin inhibitor [7]. The main 
adverse reactions to sulfamethoxazole-trimethoprim are 
rash, gastrointestinal disorders, and hematological (he-
matopoietic) disorders. Rash is a relatively common reac-
tion and manifests at varying degrees of severity from an 
extremely mild rash to toxic epidermal necrolysis. In a 
cost-effectiveness analysis of sulfamethoxazole-trimeth-
oprim prophylaxis, a micro-simulation using a Markov 
model in patients with Crohn’s disease at risk for PJP 
showed that prophylaxis for PJP was only cost-effective 
in patients on triple immunosuppressive therapy [17]. 
Therefore, whether prophylaxis with sulfamethoxazole-
trimethoprim is appropriate in IBD patients on ≤2 im-
munosuppressants remains debatable. We believe that 
the fact that none of the patients in our study had received 
prophylaxis with sulfamethoxazole-trimethoprim con-
tributed to development of PJP in these patients. Our re-
sults also suggest that there is also a mortality risk for pa-
tients on 2 immunosuppressants, as only 1 of the 5 pa-

tients who died was on triple therapy with a steroid, 
thiopurine, and a calcineurin inhibitor, whereas 3 were 
on double therapy with a steroid and thiopurine and 1 
was on double therapy with a steroid and a calcineurin 
inhibitor. Multivariate analysis with the Cox proportion-
al hazards model showed that the number of medications 
used in immunosuppressive therapy was not a risk factor 
for mortality (Table 2). Our finding that patients on dou-
ble immunosuppressive therapy also had poor outcomes 
in this study indicates that prophylaxis with sulfamethox-
azole-trimethoprim should be given greater consider-
ation for all patients with low albumin.

Early detection of PJP has been identified as a favor-
able prognostic factor, and death can be avoided by early 
diagnosis [16]. However, we did not evaluate the effects 
of early diagnosis of PJP in this study.

None of the numerous previous studies on PJP have 
evaluated IBD treatment outcomes. This means that the 
findings of our study are novel. A particularly noteworthy 
finding was that a high proportion (78% of patients, 7 of 
9) of patients who were able to continue treatment with 
medication alone received sulfamethoxazole-trimeth-
oprim to enable repeated treatment with anti-TNF ther-
apy. In addition, 21.4% of the patients required surgical 
treatment and all of the patients had ulcerative colitis. 
This indicates that avoidance of infection risk associated 
with immunosuppressive therapy influenced treatment 
selection in patients with IBD who developed PJP.

Our study has a few limitations. Firstly, we were unable 
to determine the incidence or risk of PJP because we did 
not know the total number of patients in the population. 
In addition, only 28 patients developed PJP, and this sam-
ple size was insufficient for multivariate analysis. Past rel-
atively large-scale studies include a cohort study by Fil-
latre et al. [8]. They evaluated 293 patients with various 
disease conditions who developed PJP; the study was con-
ducted using the national hospital discharge database. 
Another was a cohort study of 38 PJP patients conducted 
by Long et al. [9] using data from the LifeLink Health Plan 
Claims Database. However, because PJP is rare among 
IBD patients, we believe that our study is still a valuable 
cohort study examining mortality risk in 28 patients from 
multiple institutions. Due to the retrospective study de-
sign, we cannot rule out the influence of confounding fac-
tors on PJP mortality risk. For example, we did not inves-
tigate the influence of treatment strategy after PJP onset. 
Therefore, our predictive equation and other findings of 
this study must be validated prospectively.

In conclusion, because IBD patients who develop PJP 
have a high mortality rate and often cannot continue 
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treatment with medication alone, it is necessary to take 
note of albumin levels at the start of immunosuppressive 
therapy when creating a treatment plan and to consider 
prophylaxis with sulfamethoxazole-trimethoprim.
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