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Abstract To evaluate the eYcacy of primary prophylaxis
for Pneumocystis jiroveci pneumonia (PCP) in patients
with connective tissue disease (CTD) and immunosuppres-
sion, we compared trimethoprim–sulfamethoxazole (TMP-
SMZ) with aerosolized pentamidine. Forty-eight CTD
patients of Kitasato University Hospital whose CD4+ lym-
phocyte count in the peripheral blood was less than
300 �l¡1 were reviewed from 2002 to 2004. Twenty-seven
patients received TMP–SMZ and none of them developed
PCP. Among 18 patients receiving aerosolized pentami-
dine, three patients developed PCP. These data indicate that
TMP–SMZ is better for prophylaxis than aerosolized pent-
amidine.
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Introduction

Pneumocystis jiroveci pneumonia (PCP) occurs in patients
with impaired cellular immunity, especially debilitated pre-
mature infants, patients with primary immunodeWciency,
patients on immunosuppressive therapy, and most com-
monly patients with human immunodeWciency virus (HIV)

infection [1, 2]. Considerable progress has been made in the
treatment of connective tissue disease (CTD) through the
use of potent immunosuppressive agents. However, we
encounter PCP quite often in this Weld because of the
marked immunosuppression caused by corticosteroids and
other immunosuppressants [3]. In patients with CTD, PCP
may have a higher mortality rate than it does in patients
with HIV [4].

For primary prevention of PCP in HIV patients, oral tri-
methoprim–sulfamethoxazole (TMP–SMZ) and aerosol-
ized pentamidine are commonly used [1]. In patients with
AIDS, TMP–SMZ has been shown to be more eVective
than aerosolized pentamidine at conventional doses for the
prevention of primary and recurrent PCP. Recent studies
have also shown that TMP–SMZ the Wrst choice for pro-
phylaxis in HIV patients [1, 2]. In CTD patients, we also
choose TMP–SMZ for primary prophylaxis when they
develop immunodeWciency. However, especially in patients
with systemic lupus erythematosus (SLE) adverse eVects of
TMP–SMZ such as allergic reactions and renal dysfunction
are not uncommon [5, 6]. In such cases, we use aerosolized
pentamidine as the Wrst-line drug.

Although several studies have examined the eYcacy of
these two drugs, there have been no reports of a comparison
between their prophylactic eVect in CTD patients. In the
present study we retrospectively compared TMP–SMZ
with aerosolized pentamidine for the prevention of PCP.

Materials and methods

Patients

A total of 330 CTD patients were treated at our department
from January 2002 to December 2004 and received more
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than 30 mg of predonisolone daily (including steroid pulse
therapy) and/or immunosuppressant therapy. Among them,
45 patients had a peripheral blood CD4+ lymphocyte count
of less than 300 �l¡1 and received prophylaxic PCP. The
diagnosis of CTD was based on the criteria listed in several
reports. The average age of the patients at the time hospital-
ization was 49.2 § 17.5 years, and the male to female ratio
was 16:29. Seventeen patients had vasculitis, 14 had SLE,
seven had polymyositis/dermatomyocytis (PM/DM), three
had adult Still’s disease, and four had other diseases (cryo-
globulinemic vasculitis). Immunosuppresants (cyclophos-
phamide, cyclosporine, methotrexate, azathioprine, and
mizoribine) were administered to 25 patients and the mean
total dose of steroids (prednisolone equivalent) was
18,118 mg (Table 1).

Occurrence of PCP was presumed when a patient devel-
oped respiratory distress and had an increased serum �-D-
glucan level without any other fungal infection [7]. PC was
detected in sputum or BALF by polymerase chain reaction
(PCR) analysis.

Methods

As prophylaxis for PCP, 1 tablet of TMP–SMZ was admin-
istered daily, which contained 400 mg of sulfamethoxazole
and 80 mg of trimethoprim (Baktar®). Patients who could
not take TMP–SMZ, such as those with renal dysfunction
and/or allergies, were given aerosolized pentamidine at a
dose of 300 mg every 4 weeks. Fifteen patients (33.3%)
had interstitial lung disease (ILD). Results are expressed as
the mean § standard deviation. DiVerence between the two
prophylaxis groups were assessed by using Fisher’s exact
test and P < 0.05 was considered signiWcant (Table 2). The
Mann–Whitney test was used for comparison of the CD4+
lymphocyte count between the two groups.

Results

Forty-eight patients had a CD4+ lymphocyte count in the
peripheral blood of less than 300 �l¡1 and received prophy-
laxis for PCP: 27 patients received TMP–SMZ and the
other 18 patients were given aerosolized pentamidine.

Eighteen patients had vasculitis, including ANCA-asso-
ciated vasculitis, Wegener’s granulomatosis, and cryoglob-
ulinemic vasculitis. The 14 patients with SLE tended to
have lupus nephritis or drug allergies and consequently
received aerosolized pentamidine. Seven patients had PM/
DM and three patients had adult Still’s disease.

To compare the level of immune function, we assessed
the peripheral blood CD4+ cell count in the group receiving
TMP–SMZ (ST group) and that receiving pentamidine (PI
group). We found that CD4+ cell counts were similar in
both groups (Fig. 1). In addition, the serum levels of albu-
min and IgG, the immunosuppressant doses, and the total
dose of steroids showed no signiWcant diVerences between
the two groups. These data indicate that there was no diVer-
ence of underlying immunity between the ST group and the
PI group.

Next, we compared the incidence of PCP between the
ST and PI groups (Table 2). In the PI group, three out of 18

Table 1 Clinical proWle of the two groups

ST group, patients receiving TMP–SXZ; PI group, patients receiving
aerosolized pentamidine

CTD, Connective tissue disease; PM/DM, polymyositis/dermatomyo-
sitis; Adult Stll, adult Still’s disease; others (cryogloblinemic vasculi-
tis); alb, serum albumin level; IgG, immunoglobulin G; PSL,
predonisolne; IPF, interstitial pneumonitis

ST group PI group

Number of patients 27 19

Age at start of study 
(mean § SD)

50.4 § 17.1 years 48.3 § 17.8 years

Sex (female:male) 18:9 13:6

CTD

Vasculitis 18 13 5

SLE 14 4 10

PM/DM 7 5 2

Adult still 3 2 1

Others 4 3 1

Immunologic data

CD4 (�l¡1) 174 160

alb (g/dl) 3.5 § 0.5 3.2 § 0.5

IgG (mg/dl) 949 § 332 1083 § 696

Drugs

PSL dose (mg) 11,098 27,562

Immuno suppressants 16 (59.3%) 9 (52.6%)

Complications

IPF 13 (44.4%) 4 (21.1%)

Table 2 Comparison of TMP–SMZ and aerosolized pentamidine for
primary prophylaxis of Pneumocystis jiroveci pneumonia (PCP)

P value: P = 0.0238. Comparison of the incidence of Pneumocystis
jiroveci pneumonia (PCP) between the ST group (TMP–SMZ) and the
PI group (aerosolized pentamidine). In the PI group, 4 of 19 patients
(21%) developed PCP and the primary prophylaxis rate was 79%. No
patient developed PCP in the ST group and diVerence between the two
groups was signiWcant (P = 0.023, Fisher’s exact test)

ST group PI group

PCP (+) 0 (0%) 4 (21%)

PCP (¡) 27 (100%) 15 (79%)
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patients (17%) developed PCP and the eVective prophy-
laxis rate was 83%. In contrast, no patient developed PCP
in the ST group and the eVective prophylaxis rate was
100%. TMP–SMZ was signiWcantly more eVective than
aerosolized pentamidine as prophylaxis for PCP.

Details of the three patients who developed PCP during
aerosolized pentamidine prophylaxis are shown in Table 3.
To assess their immune function, we evaluated the CD4+
cell count, the albumin and IgG levels, and the existence of
ILD compared with the patients who did not develop PCP
in the PI group. No signiWcant diVerences were found
(Fig. 1a, b).

Adverse reactions occurred in six patients receiving
TMP–STZ, including hemolytic disorder in two, thrombo-
cytopenia in one, leucopenia in one, skin rash in two, liver
dysfunction in one, and renal dysfunction in one. All
adverse reactions were mild and continuation of treatment
was possible. None of the patients showed adverse reac-
tions to aezolized pentamidine.

Discussion

We evaluated the prophylactic eVect of TMP–SMZ against
PCP in patients whose CD4+ lymphocyte count was less
than 300 �l¡1. Among CTD patients who were admitted to
our rheumatology department from 2002 to 2004, 11
patients had PCP conWrmed by positive PCR analysis of
sputum or BALF. Review of the clinical records showed
that eight out of 11 patients had not received any prophy-
laxis, while the other three patients all received aerosolized
pentamidine as prophylaxis for PCP. Thus, no patient
administered TMP–SMZ developed PCP in our department
and this was the most useful prophylactic agent for patients
with CTD. On the other hand, aerosolized pentamidine pro-
phylaxis failed to prevent the occurrence of PCP in three
cases.

Another group also reported on the use of TMP–SMX
for PCP prophylaxis in patients older than 50 years receiv-
ing high-dose steroid or immunosuppressant therapy and
none of them developed PCP during about 5 years.

We examined the CD4+ lymphocyte count in the 11
patients with PCP. Among the eight patients who did not
receive any prophylaxis, Wve patients had a CD4+ lympho-
cyte count of 200 �l¡1 or less. Li et al. also reported that the
CD4+ lymphocyte count was less than 250 �l¡1 in all 7
patients with CTD who developed. These data indicate that
a decrease of the CD4+ lymphocyte count is one of the risk
factors for PCP. Setting a higher limit for the CD4+ lym-
phocyte count and starting aerosolized pentamidine earlier
might have reduced the PCP rate among the patients who
could not use TMP–SMZ. It was previously reported that
the serum IgG and albumin levels were low at the onset of
PCP and that the serum IgG level was decreased signiW-
cantly in CTD patients. However, these levels did not
change in our patients at the onset of PCP.

In patients with HIV and a CD4+ lymphocyte count
<200 �l¡1, TMP–SMZ once daily is more eVective as pri-
mary and secondary prophylaxis against PCP than aeros-
lized pentamidine once a month. Other reports also indicate
that aeroslized pentamidine therapy often fails as prophy-
laxis for PCP in patients with HIV. However adverse drug
reactions are more frequent with TMP–SMZ. Aerosolized
pentamidine has a low incidence of systemic adverse reac-
tions because the drug is delivered directly to the lungs.

Fig. 1 a Comparison of the CD4+ lymphocyte count in the ST and PI
groups (ST vs. PI). Evaluation of CD4 counts to compared the base
immunity between two groups. No signiWcant diVerence was found. b
Comparison of the CD4+ lymphocyte count in the patients with PCP
(ST vs. PI: groups and PI group vs. no prophylaxis). We examined the
CD4+ lymphocyte count at the onset of PCP. Among eight patients
who did not receive prophylaxis for PCP, 5 had a CD4+ lymphocyte
count of 200 �l¡1 or less and we conWrmed that a low CD4+ lympho-
cyte count is one of the most important factors leading to PCP. Daily
TMP–SMZ was useful for prophylaxis, while pentamidine in four cases
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Table 3 Clinical features of four patients who developed PCP during
aerosolized pentamidine prophylaxis

MPA Microscopic polyangiitis, STLL adult Still’s disease, M male, F
female, CD4 CD4+ lymphocyte count in the peripheral blood at the on-
set of PCP, Alb serum albumin concentration, IgG serum immunoglob-
ulin G concentration, ILD interstitial lung disease

Age Diseases Sex CD4 alb IgG ILD

1. 74 Clioglobulinemia M 76 2.8 2,952 ¡
2. 63 MPA M 197 3.1 518 +

3. 62 STILL F 192 2.9 1,087 ¡
4. 63 MPA F 139 2.5 1,185 +
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However, adverse reactions to TMP–SMZ were mild and
recovered after temporary withdrawal of therapy, so its
continuation was possible in our CTD patients.

This study has the limitations of being retrospective and
not double blind. However, patients with immunosuppres-
sion need prophylaxis for PCP, so we could not design a
double-blind study that included patients who did not take
any prophylactic agent on ethical grounds.

In conclusion, immunosuppressive therapy is widely
used these days and PCP is becoming a serious problem in
CTD patients. We concluded that TMP–SMZ is superior
for prophylaxis of PCP compared with aerosolized pentam-
idine and we recommend the use of TMP–SMZ for patients
on strong immunosuppressive regimens.
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