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ABSTRACT

Aims: This study aimed to clarify the clinical characteristics of Pneumocystis jirovecii pneumonia (PJP)
infection in patients with ulcerative colitis (UC) and to identify risk factors for PJP using a retrospective
case—control study.

Methods: Of 4,525 patients with UC treated between 2007 and 2019, we identified those who satisfied
the criteria for PJP. The Lichtiger clinical activity index (LCI) was compared between the initiation of
immunosuppressive drug treatment and the onset of PJP. A retrospective case—control study was conducted
using a PJP group and a non-PJP group.

Results: Nine patients experienced PJP, of whom two died. Since October 2014, there were no cases of
PJP among UC patients aged =50 years who were prescribed three or more immunosuppressive agents
given prophylactic sulfamethoxazole-trimethoprim (TPM-SMX). The median LCI (range) was 13 (8-17)
at the initiation of treatment versus 2 (1-8) at PJP onset (p = 0.016). The median time to PJP onset was 83
days after treatment initiation. In the PJP group the median age was significantly greater (p = 0.022), three
immunosuppressants were used significantly more frequently (p = 0.004), and the lymphocyte counts during
treatment were significantly lower (p < 0.01) than in the non-PJP group. The cut-off lymphocyte count that
distinguished PJP patients from non-PJP patients was 570/pL according to a receiver-operating curve analysis.
Conclusions: Prophylactic administration of TPM-SMX prevented further cases of PJP. The onset of PJP
occurred at the same time as the symptoms of UC were stabilizing and the immunosuppressive drugs were
being reduced. Greater age, lower lymphocyte count, and treatment with three immunosuppressive drugs
were risk factors for PJP.

Key words: ulcerative colitis — Pneumocystis jirovecii pneumonia — inflammatory bowel diseases — case-
control study.

Abbreviations: HIV: human immunodeficiency virus; IBD: inflammatory bowel disease; LCI: Lichtiger
clinical activity index; Pneumocystis jirovecii pneumonia (PJP); PSL: prednisolone; RA: rheumatoid arthritis;
UC: ulcerative colitis; TMP-SMX: sulfamethoxazole-trimethoprim; TNF-a: tumor necrosis factor-a.

INTRODUCTION

Pneumocystis jirovecii
pneumonia (PJP) is an
opportunistic infection in
patients infected with human
immunodeficiency virus (HIV).
However, with the increasing use
of various immunosuppressant
drugs today, the number of
patients with PJP not associated
with HIV is increasing. PJP is
usually classified into two types:
PJP with HIV (HIV-PJP) and PJP

without HIV (non-HIV-PJP), which is often associated with
a collagen-based disease or malignant tumor. The two types
of disease differ greatly in their pathophysiology and clinical
characteristics [1, 2]. Respiratory failure is known to progress
more rapidly and to require more artificial respiratory control,
resulting in a poor prognosis in non-HIV-PJP rather than in
HIV-PJP [3-5].

In Japan, the main treatment strategy for ulcerative colitis
(UC) before the 1990s was based on the use of prednisolone
(PSL). Since then, various kinds of immunosuppressant drugs,
such as thioprine, calcineurin inhibitors, and anti-tumor
necrosis factor-a (TNF-a), have come into use. Tofacitinib,
which is used to treat rheumatoid arthritis (RA), has been
available for UC in Japan since July 2018. Winthrop et al.
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[6] reported that of 58 patients with opportunistic infections
among 5,761 tofacitinib-treated patients with RA, four were
infected with PJP and one died. Therefore, there is still some
concern that PJP can arise in patients with UC treated with
tofacitinib. Because non-HIV-PJP arises from treatment with
immunosuppressive drugs, it is essential to investigate the
risk factors for PJP in patients with UC. Case-series of PJP in
patients with inflammatory bowel disease (IBD) are scarce,
and few controlled studies have investigated risk factors for
the onset of PJP in patients with UC [7, 8].

The purpose of this study was to clarify the clinical
characteristics of patients with PJP and to identify the risk
factors for PJP in patients with UC, using a retrospective
case—control study.

METHODS

This study was approved by the Institutional Ethics
Committee at our institute (number 2650). We searched
the records of patients (n = 4,525) with UC who received
treatment in our hospital between April 2007 and March
2019. Of these patients, 81 were diagnosed with pulmonary
inflammatory diseases and we extracted the records of
patients with PJP.

Diagnosis of PJP

The criteria for a diagnosis of PJP are: (1) Pneumocystis
jirovecii detected by Giemsa staining or Grocott staining using
sputum or DNA polymerase chain reaction of bronchoalveolar
lavage (BAL) fluid; (2) serum 1,3-B-D-glucan > 31.1 pg/
mL on the Wako B-glucan test; and (3) diffuse and relatively
homogeneous ground-glass opacities and/or consolidation
dominated in both lungs on chest computed tomography.
Definite PJP was diagnosed in patients who met all three
criteria, while patients who met the last two criteria were
diagnosed with probable PJP. For the second criteria we
used the Wako B-glucan test because it was reported to most
reliably measure serum 1,3-B-D-glucan; the sensitivity and
specificity of the cut-off value (31.1 pg/mL) in predicting
PJP are 92.3% and 86.1%, respectively [9]. The severity of
PJP was evaluated based on chest radiography and computed
tomography findings [10] and the degree of acute respiratory
distress syndrome [11].

Severity of UC

The severity of UC was assessed with the Lichtiger clinical
activity index (LCI), described by Lichtiger et al. [12]. The
LCI includes the frequency of diarrhea/day, the presence or
absence of nocturnal diarrhea, visible blood in the stool, fecal
incontinence, abdominal pain or cramping, general well-being,
abdominal tenderness, and requirement for antidiarrheal
medication (Table I). The LCI is calculated and converted to a
category of UC severity. The maximum score is 21 and a score
of 210 is defined as severe UC. The LCI can be used to verify
the progress of UC symptoms. To investigate the relationship
between PJP onset and the severity of UC symptoms, the LCI
score was compared in each patient: at the commencement of
immunosuppressants and at the onset of PJP.

Day of PJP onset after immunosuppressant therapy

We used the Kaplan-Meier estimator to investigate
the risk of PJP onset following the commencement of
immunosuppressive treatment.

Case-control study

We used a case—control study to investigate the risk factors
for PJP. Non-PJP patients with UC were matched to PJP patients
using the following three criteria. First, we identified patients
hospitalized as an inpatient or those undergoing treatment
in an outpatient clinic on the same date as a patient with PJP
was being treated. Second, non-PJP patients were matched
with PJP patients by gender. Third, only non-PJP patients who
had not been treated with prophylactic sulfamethoxazole-
trimethoprim (TPM-SMX) were enrolled. Patients were not
matched by age because we considered that age should be
evaluated as a possible risk factor for PJP.

We planned to match non-PJP patients to PJP patients ata
ratio of 5:1 in order to maximize the statistical accuracy [13].
The following factors were included in univariate analyses
to compare the PJP and non-PJP groups: age, duration of
UG, disease location at the beginning of immunosuppressive
therapy, albumin, hemoglobin, C-reactive protein, white
blood cell count, lymphocyte count and neutrophil count
at the beginning of immunosuppressive therapy, lowest
lymphocyte count (/uL) during treatment; total dose of PSL,
duration of PSL administration (in days), and the number of
immunosuppressant drugs given.

Table I. Lichtiger clinical activity index score for ulcerative colitis [12]

Variable Scores
0 1 2 3 4 5

Diarrhea (number of daily 0-2 3-4 5-6 7-9 >10
stools)
Nocturnal diarrhea No Yes
Visible blood in stool (% of 0 <50 > 50 100
movements)
Fecal incontinence No Yes
Abdominal pain or cramping None Mild Moderate Severe
General well-being Perfect Very good Good Average Poor  Terrible
Abdominal tenderness No Mildand  Mild to moderate Severe or

localized and diffuse rebound
Need for antidiarrheal drugs No Yes
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We also performed receiver-operating characteristic (ROC)
curve analysis to investigate the cut-off value for the lowest
lymphocyte count that would predict PJP.

Statistical analysis

We used the Mann-Whitney U test to compare the
continuous nonparametric variables for patients in the non-
PJP and PJP groups. The Wilcoxon signed-rank test was used
to compare the parametric variables between the two groups.
Fisher’s exact test was used to compare categorical variables.
Because the number of patients in the PJP group was too
small for multivariable analysis, we only conducted univariate
analyses. A ROC curve was used to determine the cut-oft value
for the lowest lymphocyte count during treatment that would
distinguish the PJP and non-PJP groups. We calculated the
overall day of PJP onset using the Kaplan-Meier estimator.
Statistical tests and the ROC analysis were performed with
EZR ver. 1.36 [14]. For each analysis, p<0.05 was considered
statistically significant.

RESULTS

Clinical characteristics of patients with PJP

There were no cases of PJP between October 2014 to 2019,
when TPM-SMX was administered prophylactically to prevent
PJP in UC patients aged >50 years prescribed more than three
immunosuppressive agents (PSL, calcineurin inhibitor, anti-
TNF-aq, or thioprine).

All cases of PJP were identified between 2007 and 2014.
Nine patients (0.2%) were diagnosed with PJP; three patients
with definite PJP: six patients with probable PJP did not receive
BAL because of the poor unstable respiration status or because
we were unable to obtain the patient’s consent.

The clinical characteristics of the nine patients diagnosed
with PJP are shown in Table II. All nine PJP patients were
given PSL. The greatest number of immunosuppressive agents
administered, including PSL, was three in five patients, two in
two patients, and one (PSL alone) in two patients. Among the
five patients using three immunosuppressives, thioprine was
used by all five, calcineurin inhibitors by four, and anti-TNF-a
by one. The severity of PJP in individual patients is shown in

Table III. The median value of B-D-glucan in these patients
was 149.1 pg/mL (69.5-421.5). Of the nine patients with PJP,
two died.

Comparison of LCI at the initiation of treatment and
at PJP onset

LCI could not be measured at PJP onset in two of the nine
patients with PJP: one patient with advanced uterine cancer
had undergone total hysterectomy and construction of an
artificial anus using the colon. The other patient, with severe
UG, had undergone ileal pouch—anal anastomosis. Therefore,
seven patients were eligible for the comparison of LCI at the
initiation of immunosuppression and at PJP onset. The median
LCI (range) at the initiation of treatment was 13 (8-17), and
at PJP onset was 2 (1-8), indicating a significant reduction (p
=0.016) (Fig. 1).

Onset of PJP after immunosuppressive treatment

A Kaplan-Meier analysis of the nine patients with PJP
showed that the median period from the beginning of
immunosuppressive treatment to PJP onset was 83 days (Fig.
2).

Case-control study

Although we tried to match non-PJP to PJP patients at a
ratio of 5:1, we could not match five non-PJP patients to one
PJP patient due to the limitations imposed by the matching
criteria. Therefore, we matched non-PJP patients to PJP
patients at a ratio of 4:1 resulting in 36 patients in the non-
PJP group. Table IV shows the comparison of data from the
PJP and non-PJP groups. The median age of the patients was
significantly greater in the PJP group than in the non-PJP group
(p =0.022). There were no significant differences between the
two groups in the duration of UC and the disease location at
the beginning of immunosuppressive therapy. Although the
laboratory data at the beginning of immunosuppressive therapy
were not significantly different between the two groups, the
lowest lymphocyte count during treatment was significantly
lower in the PJP group than in the non-PJP group (p < 0.001).
Fig. 3 shows the ROC analysis used to determine the cut-off
value for the lowest lymphocyte count that distinguished the

Table II. Baseline characteristics of patients with Pneumocystis jirovecii pneumonia (PJP)

Case Year of Prophylactic PSL Thioprine CNI anti-TNF-a Number of
PJP onset  administration of  (mg/day) ISDs
TPM-SMX
1 2007 60->20 + + 3
2 2007 - 8030 + - - 2
3 2008 60->15 + - 2
4 2008 40> 5 - - 1
5 2009 50->15 + + - 3
6 2009 - 60->20 + + - 3
7 2013 - 6020 + + - 3
8 2013 4020 - 1
9 2014 - 20->7.5 + - + 3

TPM-SMX: sulfamethoxazole/trimethoprim; PSL: prednisolone [initial (maximum) dose > dose at PJP onset]; CNI:
calcineurin inhibitor; TNF: tumor necrosis factor; ISDs: immunosuppressive drugs.
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Table III. Severity of Pneumocystis jirovecii pneumonia in individual patients
Radiological findings ARDS
Case Fp;g/ril; GGO Consolidation PaO, FiO,  P/Fratio Severity Outcome
Diffuse Patchy  Extensive (mmFHg)
1 185.4 + + - - - - - - Cured
2 147.2 + + - - - - - - Cured
3 149.1 + + + + 49.6 0.9 55.1 severe Died
4 405.7 + + + + 43.9 0.8 54.9 severe Died
5 112.5 + - - - - - - - Cured
6 69.5 + + + + 53.5 0.60 89.2 severe Cured
7 421.5 + - + - 117.2 0.21 558.1 - Cured
8 72.8 + + + - 54.7 0.90 60.8 severe Cured
9 174.2 + + + - 74.6 0.21 355.2 - Cured
B-D-G = 1,3-B-D-glucan; GGO = ground glass opacity;PaO,;: partial pressure of oxygen in arterial blood; FiO,: fraction of inspiratory oxygen;
PF ratio = PaO,/FiO,; ARDS: acute respiratory distress syndrome; mild ARDS: PF ratio 200 to 300; moderate ARDS: PF ratio 100 to 200; severe
ARDS: PF ratio < 100. *Wako f-glucan test
Lichitiger clinical activity index (n=7) 10 4
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Fig. 1. Comparison of Lichtiger clinical activity index before treatment
and at the onset of Pneumocystis jirovecii pneumonia (PJP). Median
score (range) 13 (8-17) before treatment was significantly reduced
to 2 (1-8) at the onset of PJP.
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Fig. 2. Kaplan-Meier analysis of the period from the beginning of
immunosuppressive treatment to the onset of Pneumocystis jirovecii
pneumonia. The median was 83 days.

Table IV. Comparison of disease and treatment characteristics between patients with or without Pneumocystis jirovecii pneumonia

PJP group (n =9) Non-PJP group (n = 36) p

Age (years) 56 (54-62) 39 (25-54) 0.022
Disease location at the beginning of ISDs, n (%)

Extensive colitis 7 (77.8) 21 (58.3) 0.447

Left-sided colitis 2(22.2) 15 (41.7)
Duration of UC, month 38 (24-47) 32.5(10.8-94.5) 0.787
Laboratory tests at the beginning of ISDs

Alb (g/dl) 3.5 (3.05-3.7) 3.1 (2.80-3.7) 0.451

HGB (g/dl) 11.2 (10.5-11.4) 11.8 (9.9-13.3) 0.932

CRP (mg/1) 1.9 (0.5-4.28) 1.4 (0.9-2.9) 0.733

WBC (/ul) 7780 (6810-11590) 7885 (7122.5-10125) 0.777

Lym (/pl) 1080.7 (551-1367) 1138.2 (791.8-1662.4) 0.444

Neu (/ul) 5513.1 (4961-6263) 5972.5 (4612.1-7644) 0.755
Lowest lymphocyte count during treatment with ISDs (/pL) 405.9 (260.3-521.7) 808.5 (627.9-1167.1) <0.001
Cumulative dose of PSL given (mg) 2360 (1980-2765) 1777.5 (1257.5-2647.5) 0.128
The duration of PSL administration (days) 59 (58-77) 78 (55-102) 0.643
Number of ISDs, n (%)

1 drug or 2 drugs 4 (44.4) 33 (91.7) 0.004

3 drugs 5(55.6) 3(8.3)

Values are presented as number (%) or median (interquartile range). UC: ulcerative colitis; ISD: immunosuppressive drugs; Alb:
albumin; HGB: hemoglobin; CRP: C-reactive protein; WBC: white blood cell; lym: lymphocyte; neu: neutrophil; PSL: prednisolone
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PJP patients from the non-PJP patients during treatment.
The ROC analysis confirmed the significance of the lowest
lymphocyte count during treatment, with an area under the
curve of 0.86 (95% CI, 0.74-0.99). The cut-off value, sensitivity,
and specificity for the lowest lymphocyte count to predict PJP
during treatment were 570/uL, 81% and 89% respectively. There
were no significant differences between the two groups in terms
of the total dose of PSL or the duration of PSL administration.
Three immunosuppressive drugs were used significantly more
frequently than one or two drugs in the PJP group than in the
non-PJP group (p = 0.004).

570.240 (0.806, 0.889)
08 -

o
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L
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Fig. 3. Receiver-operating characteristic curve of the lowest
lymphocyte count in the whole blood during treatment predicts the
onset (or not) of Pneumocystis jirovecii pneumonia. Area under curve
0.864 (95% CI: 0.738-0.991), cut-off value 570/uL, sensitivity 0.806,
and specificity 0.889.

DISCUSSION

For patients with IBD, there is no consensus on whether
to start prophylactic TPM-SMX or its administration
frequency. It is not recommended to administer TPM-SMX
indiscriminately to all patients taking immunosuppressive
therapy because resistant strains may emerge and there is a
risk of side effects of TPM-SMX. Since October 2014, we have
considered it necessary to administer prophylactic TPM-SMX
to patients with UC aged >50 years who are prescribed three
or more immunosuppressive drugs. This decision was based
on a study published in 2011 showing that prophylactic TPM-
SMX suppresses the onset of PJP [15]. Since implementing
this treatment, there have been no further cases of PJP among
patients with UC. Therefore, we believe this is an important
treatment option.

By comparingthe LCIatthe beginning ofimmunosuppressive
treatment and at PJP onset, this study shows that PJP onset
occurred after the activity of UC was reduced. The median
days from the beginning of immunosuppressive therapy to
PJP onset was 83 days, which indicates that PJP onset did not
occur early in the intensive treatment of UC, but relatively
late in the treatment, when the UC symptoms were relieved.

The relationship between UC activity and PJP onset has not
been reported previously. The mechanism underlying the
alveolar damage caused by PJP originates from an excessive
immune response to the fungus Pneumocystis jirovecii [2, 16].
When the active symptoms of UC settle down, it is common
to reduce the dose of immunosuppressant drugs. This implies
that the reduction in the immunosuppressant drugs induces
the activation of the immune response to Pneumocystis jirovecii
, leading to alveolar damage. In other words, we consider that
the onset of PJP occurs at the same time as the symptoms of
UC are becoming stabilized and when the immunosuppressant
drugs are reduced.

Based on the clinical features of PJP in patients with UC,
the risk factors identified in this case-control study were
advanced age, a reduced lymphocyte count, and the use of
three immunosuppressants. Harigai et al. [17] reported that
among patients with RA treated with immunosuppressants,
those aged > 65 years had PJP significantly more frequently
than those aged < 65 years (hazard ratio = 3.77, 95% confidence
interval: 1.54-9.25) [17]. Long et al. [7] demonstrated that
among patients with IBD, the rate of PJP was greater in patients
aged > 60 years, although their outcome was not derived by
comparison but derived by a case series. In the present study,
the age of the PJP group was also significantly greater than that
of the non-PJP group (p = 0.022), indicating similar results to
those of previous reports.

In this study, the lowest lymphocyte count during treatment
was significantly lower in the PJP group than in the non-
PJP group. A ROC analysis identified the cut-offt value for
lymphocytes that predicted PJP as 570.2/uL. The lymphocyte
count is reduced in patients with PJP and hematological
malignancies, including patients with non-HIV-PJP [18].
Based on the data of patients with Wegener’s granulomatosis,
Okafor et al. [19] proposed that TPM-SMX should be given to
UC patients with lymphocyte counts < 600/pL. Although their
proposal was not based on patients with UC, our estimated
cut-off value for lymphocyte count that predicts PJP, which has
not yet been reported for PJP associated with IBD, supports
their proposal.

All nine patients in the PJP group were given PSL. Although
no significant difference was detected between the PJP and
non-PJP groups in either the total dose of PSL administered
or the duration of PSL administration, the lowest lymphocyte
count during treatment was significantly lower in the PJP
group than in the non-PJP group. In addition, these patients
developed PJP a long time after starting immunosuppressive
therapy of a median of 83 days based on the Kaplan-Meier
estimate (Fig. 2). These results suggest that we should pay close
attention to patients who have received PSL for a long time,
especially if their lymphocyte count has decreased.

Three immunosuppressive drugs rather than one or two
were used significantly more frequently in the PJP group than
in the non-PJP group (p = 0.004). The guideline issued by the
European Crohn’s Disease and Colitis Organization, based on
the data acquired from patients with leukemia, hematological
malignancy, or organ transplantation, describes the use of
immunosuppressive drugs and prophylactic TPM-SMX
for patients with inflammatory bowel disease. It states that
when two immunosuppressive drugs are used, prophylactic
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administration of TPM-SMX should be considered and,
when three immunosuppressive drugs (including calcineurin
inhibitor or anti-TNF-a) are used, prophylactic administration
of TPM-SMX is recommended [20]. Our results support this
recommendation in patients with UC. However, two patients in
the PJP group received PSL alone. When patients of advanced
age receive PSL, even PSL alone, prophylactic TPM-SMX
should be administered to prevent the onset of PJP.

Based on the results of this case-control study, we are
considering expanding the indications for prophylactic TPM-
SMX to patients with UC and lymphocyte count <570/uL, even
in patients aged <50 years old, and to patients aged >60 years.
We believe that our results will be useful to establish guidelines
for prophylactic administration of TPM-SMX.

A limitation of this study was that it was conducted
retrospectively at a single institution with limited cases of PJP.
A future study that evaluates more patients with PJP at multiple
institutions is warranted. Another limitation is that nine cases
with PJP were admitted before October 2014, before we started
prophylactic TPM-SMX. Consequently, this case-control study
does not include cases treated since October 2014 when new
immunosuppressive agents became available.

CONCLUSIONS

Of 4,525 patients with UC, nine (0.2%) experienced PJP,
of whom two died. After starting prophylactic TPM-SMX
for UC patients aged =50 years who were prescribed three or
more immunosuppressive agents, there were no further cases
of PJP. The LCI for UC at the onset of PJP was significantly
lower than at the initiation of immunosuppressive drug
treatment, and the median day of PJP onset was 83 days
after the beginning of immunosuppressive treatment.
This implies that the onset of PJP occurred at the very
time when the symptoms of UC were stabilizing, and the
immunosuppressive drugs were being reduced. The risk
factors for PJP were senior age, reduced lymphocyte count,
and the use of three immunosuppressive drugs. Further, a
lymphocyte count of 570.2/uL is a reliable numeral cut-off
value to predict the onset of PJP.
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