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Asymptomatic carriage of Pneumocystis jiroveci in elderly patients
with rheumatoid arthritis in Japan: a possible association between
colonization and development of Prneumocystis jiroveci pneumonia

during low-dose MTX therapy
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Abstract Low-dose methotrexate (MTX) has been used
effectively for rheumatoid arthritis (RA) because of its
favorable risk-benefit ratio. One of the recent concerns
arising from this therapy is a possible increase in the rate of
opportunistic infections, particularly Prneumocystis jiroveci
pneumonia (PCP). In this study, we report two cases of
PCP occurring during low-dose methotrexate therapy for
RA and review 13 additional cases from the literature on
Japanese patients with RA. The average age of these
patients was 67.7 years, and most were over the age of 60.
MTX-associated PCP appears to occur more frequently in
elderly individuals in Japan. To identify individuals with a
high risk of PCP, we performed a polymerase chain reac-
tion on specimens from induced sputum or bronchoalveolar
lavage fluids from 55 patients with RA. At that point in
time, they showed no evidence of PCP development. We
found six patients (10.9%) having asymptomatic carriage
of P. jiroveci. The mean age of the P. jiroveci-positive
patients was 74.7 years, which was significantly older than
the P. jiroveci-negative patients (mean age 63.6 years). Of
the RA patients over the age of 65, 18.8% (6 cases out of
32) were carriers of P. jiroveci. There were no significant
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differences in RA duration or counts of white blood cells or
lymphocytes between the positive and negative groups.
Notably, we encountered a case of PCP occurring in an
asymptomatic carrier of P. jiroveci during low-dose MTX
therapy for RA. This case appeared to be a reactivation
of latent infection. By careful follow-up on the carriers of
P. jiroveci, we succeeded in promptly diagnosing PCP, and
we employed the appropriate therapeutic strategies for this
possibly life-threatening complication.

Keywords Colonization - Methotrexate -
Preumocystis jiroveci - Pneumocystis jiroveci pneumonia -
Polymerase chain reaction - Rheumatoid arthritis

Introduction

Methotrexate (MTX) is commonly used as the first-line
disease-modifying antirheumatic drug (DMARD) having
proven efficacy on radiographic progression in patients
with rheumatoid arthritis (RA) [1]. Most recently, the
European League Against Rheumatism (EULAR) recom-
mended that patients at risk of developing persistent and/or
erosive rheumatic diseases be started with DMARDs,
especially MTX, as early as possible, even if they do not
fulfill the established classification criteria for RA yet [2].
EULAR also stated that among DMARDs, MTX is con-
sidered an anchor drug in RA management since it can be
used in combination with anti-tumor necrosis factor « (anti-
TNFo) agents if necessary. In addition to its greater
effectiveness, when used in low doses, MTX has a better
toxicity profile than other DMARDS, and therapy can be
continued for a significantly long period [3, 4].
Accompanying the popularity and increased use of
MTX, rheumatologists have encountered its toxicity and
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side effects, including marrow suppression, hepatic
impairment, gastric toxicity, and pneumonitis. Furthermore,
patients taking MTX seem to be at risk of opportunistic
infections, such as cytomegalovirus pneumonia, dissemi-
nated herpes zoster infection, cryptococcosis, widespread
nocardiosis, and Pneumocystis jiroveci pneumonia (PCP)
[5, 6]. However, the exact role of MTX in inducing infec-
tions is unclear since patients with RA have a predisposition
to pulmonary infections [7], and MTX is sometimes used
concomitantly with corticosteroids, a major predisposing
factor for PCP development in RA patients [8]. Whether
the use of low-dose MTX may confer susceptibility to
infectious agents is still debatable since there are conflicting
results of in vivo and in vitro tests on immune variables [9].

PCP is recognized as a rare, but serious opportunistic
infection exclusively occurring in immunocompromised
hosts, such as those with malignancy or acquired immu-
nodeficiency syndrome (AIDS). However, accumulated
reports have shown an occurrence of PCP in patients treated
with cytotoxic or immunosuppressive drugs for underlying
diseases [10-12]. A recent postmarketing surveillance
(PMS) report by the Japan College of Rheumatology (JCR)
indicated a high incidence of PCP in RA patients receiving
infliximab, an anti-TNFo agent [13]. It has been long dis-
cussed whether PCP may develop through a reactivation of
latent infection or through person-to-person spread [14]. In
this study, we show 2 cases of PCP development during the
course of low-dose MTX monotherapy for RA, and review
13 Japanese patients in the literature. We also report a case
of PCP occurring in an RA patient who has been colonized
by P. jiroveci. To determine the prevalence of latent
infection of P. jiroveci in Japanese patients with RA,
polymerase chain reaction (PCR) was performed for 55
patients using specimens from induced sputum or bron-
choalveolar lavage (BAL) fluids. Based on these findings,
we will discuss a risk factor for PCP development in MTX-
treated RA patients in Japan.

Patients and methods
Patients

To investigate the presence of latent P. jiroveci infection,
we collected induced sputum from 47 patients with RA
who had no complaints of respiratory symptoms and vol-
untarily participated in this study. We also used BAL fluids
from eight patients with RA who required diagnostic
bronchoscopy for their pulmonary symptoms or abnor-
malities on high-resolution computed tomography (HRCT)
and whose symptoms were ultimately not diagnosed as
PCP. The specimens were collected from March 2005
to July 2007. No patient was known to be HIV-positive.

The ethics committee of our hospital approved the protocol
for the study of P. jiroveci carriage in the RA patients,
and written consent was obtained from all patients.

PCR for P. jiroveci

Specimens from 55 patients with RA were subjected to a PCR
test for P. jiroveci. Template DNAs were extracted from
induced sputum and BAL samples by means of proteinase K
digestion and phenol/chloroform extraction and subsequently
subjected to PCR as templates. The PCR analysis for
P. jiroveci was performed in 50 pl of amplification reaction
mixtures, with denaturation at 94°C for 90 s, annealing at
50°C for 90 s, and extension at 72°C for 2 min (40 cycles).
The following oligonucleotide primers were used at
100 pmol: 5'-GAT GGC TGT TTC CAA GCC CA-3' and 5'-
GTG TAC GTT GCA AAG TAC TC-3'. DNA products with
lengths of 376 bp were amplified from template DNAs. This
analysis was done at SRL Inc. (Tachikawa, Japan). The details
of this method and its usefulness for detection of P. jiroveci
were described by Wakefield et al. [15-17].

Statistical analysis

The characteristics of patients with and without detectable
P. jiroveci were compared using the Mann-Whitney U test.
This method was used to compare quantitative data not
distributed normally. Probability values (p values) of <0.05
were considered to be statistically significant.

Results
Cases of PCP during MTX therapy for RA in Japan

We recently encountered two patients with PCP who had
been treated with low-dose MTX as therapy for active RA.
Case 1 was a 76-year-old woman with a 50-year history of
seropositive RA who had been treated for 3 months with
6 mg/week of MTX and 5 mg/day of prednisolone. The
patient showed a low level of oxygen saturation at rest (91%)
and complained of slight general fatigue. A large amount of
f-p-glucan, a composition of fungal cell wall, was detected in
serum (210.9 pg/ml), and PCR for P. jiroveci was positive
with BAL fluids. Case 2 was a 75-year-old man whose
symptoms had been diagnosed as RA 8 months earlier. The
patient received MTX monotherapy at 8 mg/week for
3 months. The patient complained of general fatigue, high
fever, and dyspnea, and oxygen saturation was 92%. Serum
f-p-glucan was high (229.3 pg/ml), and PCR for P. jiroveci
was positive with BAL fluids. In both cases, trimethoprim-
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sulfamethoxazole (TMP-SMX) was effective. To examine
the characteristics of Japanese patients who developed PCP
during MTX therapy, we searched the literature that had
been reported from Japan up until 2006, and listed 13 cases
[18-27]. Cases with uncertainty regarding the MTX dosage
were discarded. Patients taking anti-TNFo agents or more
than 30 mg/day of prednisolone in combination with MTX
were also excluded since these drugs per se are prone to
opportunistic infections [8, 28]. We summarized the clinical
features including age, dose and duration of MTX use, dose
of prednisolone, and RA duration in Table 1. Our cases were
also included in Table 1. We noted that MTX-associated PCP
is likely to occur in elderly patients with RA. The average age
of these patients was 67.7 years, and all patients except two
were above the age of 60. In most cases, PCP occurred within
1 year from the initiation of MTX therapy or increase in
MTX dosage, and in the shortest case, PCP developed
1 month after increasing the MTX dosage. In seven cases,
this interval was within 3 months. We found four patients
who had not received prednisolone therapy, but had devel-
oped PCP. In most other cases, the amount of prednisolone
used was less than 10 mg/day.

Colonization by P. jiroveci among RA patients in Japan

PCR has proven to be the most sensitive technique for
detecting P. jiroveci in pulmonary specimens [15]. Using

this method, very low copies of P. jiroveci, which are
undetectable by routine histochemical staining, have been
detected in the lungs of only mildly immunocompromised
or even immunocompetent individuals without PCP
development [14]. These cases are considered to have
colonization by P. jiroveci. To determine the prevalence of
colonization by P. jiroveci in RA patients in Japan, we
performed PCR using induced sputum or BAL fluid
obtained from 55 patients with RA. Enrolled patients were
predominantly female (15 males and 40 females), with a
mean age of 64.8 years and a mean RA duration of
6.9 years. Percentages of rheumatoid factor (RF)-positive
and anti-cyclic citrullinated peptide antibody (anti-CCP
Ab)-positive patients were 83.6 and 87.3%, respectively.
The induced sputum was collected from 47 volunteers with
RA who had no respiratory symptoms. The BAL fluids
were obtained from eight patients with RA who were
ultimately diagnosed with MTX pneumonia (three cases),
bacterial pneumonia (two cases), nonspecific interstitial
pneumonia (NSIP, one case), organizing pneumonia (OP,
one case), or pulmonary hemorrhage (one case). We found
six cases (10.9%) of asymptomatic carriage of P. jiroveci.
The clinical characteristics of patients with and without
P. jiroveci are shown in Table 2. The mean age of the
positive patients was 74.7 years, which was significantly
older than the negative patients (mean age 63.6 years). Of
the RA patients over the age of 65, 18.8% (6 cases out of
32) were carriers of P. jiroveci. There were no significant

Table 1 Characteristics of

tients with th toid Case Age/sex RA duration MTX MTX duration PSL Ref.
patients with rheumator (years) (mg/week) (months) (mg/day)
arthritis who developed
P. jiroveci pneumonia during 1 47/F 27 25 9 5 [17]
low-dose methotrexate therapy ’ )
in Japan 2 71/F 9 6 9 7.5 [18]
3 64/M R 6 8 None [19]
4 72/F 19 6 3 None [20]
5 68/F 7 10 2 years 2.5 [20]
12 8
6 74/F 9 4 1 7-10 [21]
6 3
7 55/F 11 ? 69 7 [22]
5
8 68/F 17 5 147 6 [23]
73/F 14 7.5 13 16 [23]
10 61/F 26 15 ? 5 [25]
11 79/M 10 4 4 None [25]
8 1
12 62/M 5 5 1 5-10 [26]
7.5 1.5
13 70/F 13 7.5 2.5 7.5-15 [24]
14 76/F 50 6 3 5 this study
RA theumatoid arthritis, MTX 15 75/M 8 months 8 3 None this study

methotrexate, PSL prednisolone
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Table 2 Comparison of

. . . PCR-positive patients PCR-negative patients P*

carriers and non-carriers of n = 6) (n = 49)

P. jiroveci with rheumatoid _ _

arthritis Age (years, mean + SE) 747 £ 2.2 63.6 + 2.0 0.01
Sex (male/female) 3/3 12/37
Disease duration (years) 5.8 +£20 7.0 £ 7.7 0.49
WBC (/ul, mean + SE) 7,160 £ 778 6,466 + 324 0.35

Statistical analysis was Lymphocytes (/ul, mean &= SE) 729 £+ 180 981 £ 83 0.54

performed with the Mann- No. of positive anti-CCP Abs 5 (83%) 43 (88%)

Whitney U test. * Probability No. of positive RF 4 (67%) 42 (86%)

values (P values) of <0.05 were No. of patients taking

considered to be statistically '

significant. Laboratory data Methotrexate 6 (100%) 37 (76%)

were obtained on the same day Prednisolone 3 (50%) 28 (57%)

that PCR specimens were Leflunomide 0 3 (6%)

collected. WBC white blood ..

cells, SE standard error, RF Infliximab 0 3 (6%)

rheumatoid factor, anti-CCP Etanercept 0 6 (12%)

Abs anti-cyclic citrullinated Tacrolimus 3 (50%) 9 (18%)

peptide antibodies, PCR Sulfasalazine 0 2 (4%)

polymerase chain reaction

differences in the RA duration between those with and
without detectable P. jiroveci. The rate of anti-CCP Ab-
positive or RF-positive patients was also similar between
these groups. The white blood cell or lymphocyte count is
unlikely to be a statistically significant predictor of an
increased risk for colonization with P. jiroveci, although
qualitative alterations in the cellular immune system are
unknown. The clinical features of six patients with
asymptomatic carriage of P. jiroveci are shown in Table 3.
Two patients were diagnosed as having NSIP (case 5) and
pulmonary hemorrhage (case 6), respectively. MTX was
used for all positive cases. Although not significant, the P.
Jiroveci carriers more often received tacrolimus compared
with the P. jiroveci-negative patients. Fifty percent of the
carriers received 5 mg/day of prednisolone. Values of
serum f3-p-glucan in three cases were available (case 1,
4.4 pg/ml; case 4, 5.4 pg/ml; and case 6, 20.0 pg/ml).
When compared with the patients developing PCP [29] the

values of serum f-p-glucan were lower in the patients
having the asymptomatic colonization by P. jiroveci.

PCP development in an RA patient with asymptomatic
carriage of P. jiroveci

One month after the detection of P. jiroveci in induced
sputum, a 66-year-old man (case 1 in Table 3) developed
PCP. One year earlier, the patient had been diagnosed with
RA, and he had been treated with 8 mg/week of MTX and
5 mg/day of prednisolone. Titers of RF and anti-CCP Ab
were high at the onset of RA, but 3 months after starting
MTX therapy, the disease activity score (DAS28) decreased
to 3.2. His disease activity was controlled effectively by
MTX and prednisolone for 1 year. When colonization
analysis for P. jiroveci was performed, values of C-reactive
protein (CRP) and the erythrocyte sedimentation rate (ESR)

Table 3 Characteristics of

. . . Case Age/sex RA duration (years) DAS28 Treatment Pulmonary disease
patients with rheumatoid
arthrm.s. who were colonized 1 66/M 1 2.9 MTX (8 mg/week) No
by P. jiroveci
PSL (5 mg/day)
T0/F 5.1 MTX (8 mg/week) No
3 T6/F 7 4.1 MTX (8 mg/week) No
FK506 (1 mg/day)
4 78/M 2 3.5 MTX (10 mg/week) No
FK506 (2 mg/day)
5 80/M 3 6.7 MTX (8 mg/week) NSIP
MTX methotrexate, PSL PSL (5 mg/day)
prednisolone, FK506 6 80/F 8 34 MTX (6 mg/week) Pulmonary hemorrhage

tacrolimus, DAS disease activity
score, NSIP nonspecific
interstitial pneumonia

FK506 (1 mg/day)
PSL (5 mg/day)
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were 0.89 mg/dl and 17 mm/h, respectively, and DAS28
was 3.4. One month later, the CRP value markedly
increased to 11.5 mg/dl without the presentation of articular
symptoms. Oxygen saturation was 96% at rest, but it
dropped to 91% after motion. The patient did not complain
of dyspnea, dry cough, or fever. HRCT showed extensive
interstitial opacities, while chest radiographs showed no
evidence of interstitial pneumonia. The white blood cell
count was 9,100/ul, and the lymphocyte rate was 8%
(728/ul). Serum f-p-glucan was 134.2 pg/ml. Since PCP
development was suspected, we started oral administration
of TMP-SMX (5,760 mg/day) and methylprednisolone by
intravenous drip (40 mg daily for 5 days). MTX was
withdrawn. One week later, the abnormalities on HRCT and
the CRP value both improved.

Discussion

There is increasing evidence that P. jiroveci may colonize
the lungs of asymptomatic individuals with mild immu-
nosuppression induced by HIV infection, malignancy, or
long-term glucocorticoid therapy, and the lungs of immu-
nocompetent persons with chronic pulmonary diseases
[30-34]. Using the PCR technique, we found that in Japan
P. jiroveci organisms predominantly colonize elderly
individuals with RA, irrespective of the disease duration
(Tables 2, 3). The mean ages of the carriers and non-car-
riers of P. jiroveci were significantly different (74.7 years
vs. 63.9 years). This parasite was detected in 18.8% of the
asymptomatic RA patients over the age of 65. Thus,
advanced age is apparently a predisposing factor for col-
onization by P. jiroveci in Japan. Furthermore, we reported
two patients who developed PCP during MTX therapy for
RA, and we reviewed 13 additional cases of PCP that were
associated with MTX therapy for Japanese RA patients
(Table 1). The average age of these patients was
67.7 years, and most patients were over the age of 60.
These findings showed that MTX-associated PCP occurs
more frequently in elderly individuals. The PMS report on
infliximab by JCR also indicated a high incidence of PCP
[13]. The average age of these patients was 64.0 years.
Considering that the average age of enrolled patients was
55.1 years, increasing age appears to be one of the pre-
disposing factors for PCP development in RA patients. In a
case-control study of PCP in RA patients receiving inflix-
imab, Harigai et al. [35] also reported that Japanese
patients with PCP were significantly older (average age,
65 years) than those who did not have PCP (average age,
55 years). The increased incidence of PCP in elderly
individuals with RA may be explained by the high fre-
quency of colonization by P. jiroveci in this patient
population. Recently, Doran et al. showed that patients
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with RA were at increased risk of developing infectious
diseases, as compared to non-RA subjects, and the hazard
ratio of infection in RA patients was nearly twice the ratio
in matched non-RA controls [7]. Our study is likely to
cause further concern about infectious complications in RA
patients. The elderly appear to be particularly susceptible
to P. jiroveci infection. We recommend that rheumatolo-
gists be alert to the possibility of PCP development during
the course of RA, especially when immunosuppressive
drugs are administered to elderly patients.

It is a major point of discussion whether the develop-
ment of PCP is due to a reactivation of latent infection, de
novo acquisition by person-to-person transmission, or a
combination of both. As shown in Table 1, most patients
developed PCP within 1 year from the initiation of low-
dose MTX therapy or an increase in MTX dosage, and in
seven patients, PCP occurred within 3 months. Further-
more, the data from the PMS report on infliximab in Japan
showed that the median interval from the first infusion to
the occurrence of PCP was 70.0 days, and PCP developed
after a mean of 2.8 infusions of infliximab [13]. We also
reported a case of PCP occurring 4 weeks after the first
infliximab infusion [36]. These data suggest the possibility
that PCP development may result from a reactivation of
latent infection rather than from new acquisition by envi-
ronmental exposure. Of note, we encountered a case of
PCP occurring in a P. jiroveci carrier who had been
receiving low-dose MTX and prednisolone for RA. This
case appears to be a reactivation of latent infection. On the
contrary, Miller et al. examined the molecular epidemiol-
ogy of P. jiroveci and showed the possibility that person-
to-person infection via an airborne route may be involved
in the occurrence of PCP [17]. They also showed that
immunocompetent health care workers in occupational
contact with P. jiroveci-infected patients may have been
colonized by this parasite, leading to asymptomatic car-
riage [16]. These data suggest that immunocompetent
P. jiroveci carriers may be a source of infection to
immunocompromised, susceptible hosts. Nevertheless, we
should consider the reactivation of latent infection as the
cause of PCP in elderly individuals with RA. In healthy,
immunocompetent hosts, the immune response may com-
pletely clear P. jiroveci from the host; namely, colonization
by this parasite is a time-limited phenomenon. However,
recent laboratory data on RA patients showed contraction
of the T cell receptor repertoire and fundamental alterations
in T cell dynamics [37, 38]. Age-dependent shrinkage of T
cell receptor diversity is well known [39]. Such perturba-
tion of T cell homeostasis results in decreased ability to
recognize potential antigens. Under these circumstances,
P. jiroveci may evade the immune system and successfully
parasitize the hosts for relatively long periods. Life-
long latency is not necessary. As immune dysfunction
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progresses due to the use of MTX or other immunosup-
pressive agents, the colonized species propagates, and it
may reach a level high enough to cause pneumonia. We
should also keep in a mind the possibility that elderly
patients with RA might serve as an important reservoir for
P. jiroveci.

Takayanagi et al. reported different patterns of oppor-
tunistic pulmonary infections among MTX, prednisolone
and anti-TNFo agents, and a higher incidence of PCP in
MTX-treated RA patients in comparison with those treated
with the other two drugs [40]. Iikuni et al. also showed that
the use of MTX for patients with connective tissue disease
is related to susceptibility to PCP [41]. A search of liter-
ature from Western countries revealed that P. jiroveci is the
most common opportunistic infection in RA patients trea-
ted with low-dose MTX [5, 6, 42]. As mentioned above,
the PMS report on infliximab by JCR indicated a high
incidence of PCP in RA patients treated with infliximab (22
cases of PCP out of 5,000 patients) [13]. In contrast, there
were no cases of PCP in 2,820 patients with Crohn’s dis-
ease during infliximab therapy (PMS report by Tanabe
Pharmaceutical Company). Considering there was no use
of MTX in treatment for Crohn’s disease and the younger
age of the patients with this syndrome, the use of MTX and
older age are factors likely to be associated with increased
risk of PCP. Prednisolone is considered to be a major
predisposing factor for PCP development in patients who
have a variety of underlying conditions [8, 10-12]. Most
recently, Harigai et al. showed that 6 mg/day or more of
prednisolone is a risk factor for developing PCP [35].
Wolfe et al. [43] also indicated a dose-related association
between prednisolone use and pneumonia risk in RA, and
this relationship was evident with average daily doses of
5 mg. These data suggest that even low-dose prednisolone
is not safe from the increased risk of PCP. To reduce the
rate of radiographic progression in RA, low-dose prednis-
olone is widely used in combination with DMARD
treatment [44]. It may contribute to the high incidence of
PCP during the MTX therapy for RA.

Recently, the use of TMP-SMX as a prophylactic for
PCP has been recommended for collagen disease patients
receiving high-dose steroid therapy or whose lymphocyte
counts are less than 500/ul [45]. However, the preventive
use of TMP-SMX is not viable during MTX therapy, since
a combination of these agents may induce pancytopenia.
Moreover, the clinical presentation of PCP is sometimes
subtle and nonspecific, and the radiographic findings are
often difficult to discriminate from those of MTX-induced
lung injury (MTX pneumonia) and RA-related interstitial
pneumonia. Therefore, it is important to identify patients at
high risk of PCP. Using the PCR technique, we indicated
the high frequency of colonization by P. jiroveci in elderly
RA patients. Such carriers may be at risk of a reactivation

of P. jiroveci or may be the source of hospital-acquired
transmission. Low-dose MTX, particular when used for
this patient population, becomes a predisposing factor to
the development of PCP. We should therefore be vigilant
in evaluation of any pulmonary symptom presented by
elderly RA patients during MTX therapy. Identification of
high-risk patients and close follow-up with a high degree of
suspicion will lead to prompt diagnosis and implementa-
tion of therapeutic strategies for PCP in RA patients.
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