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Introduction
Pneumocystis jirovecii is one of the most significant opportunis-
tic fungal pathogens in humans with impaired immune func-
tion. An immunocompetent host clears this organism without 
obvious clinical consequences, while most immunocompro-
mised patients develop interstitial pneumonia (Pneumocystis 
pneumonia, PCP). With the emergence of human immuno-
deficiency virus (HIV), there was a dramatic increase in the 
incidence of PCP. In the 1980s, PCP was the most common 
opportunistic infection in patients with AIDS: it was an 
AIDS-defining illness for more than half of the adults and 
adolescents with AIDS. The routine use of trimethoprim-sul-
famethoxazole (TMP-SMX) as PCP chemoprophylaxis and 
the introduction of highly active antiretroviral therapy led to 
a substantial decline in the incidence of PCP among HIV-
positive individuals.1,2 However, PCP has become a serious 
public health threat to HIV-negative immunocompromised 
patients such as those receiving immunosuppressive therapy 
or anticancer chemotherapy for hematological malignancies 

and solid tumors, organ and bone marrow transplantation, 
and autoimmune inflammatory diseases.3–9

The Japanese Ministry of Health, Labor and Welfare 
Study Group recommended the use of TMP-SMX or pen-
tamidine as a prophylactic against PCP for patients with 
inflammatory rheumatic diseases over the age of 50 receiv-
ing corticosteroids equivalent to 1.2 mg/kg/day of predni-
solone or more, those receiving corticosteroids equivalent to 
0.8 mg/kg/day of prednisolone or more along with immu-
nosuppressive agents, or those whose peripheral lymphocyte 
counts are ,500/mL during immunosuppressive therapy.10 
However, we encountered a PCP outbreak among outpa-
tients with rheumatoid arthritis (RA) who did not satisfy 
any of these conditions.11,12 All PCP patients in the outbreak 
had received low-dose methotrexate (MTX) therapy but no 
biological agents. Their peripheral lymphocyte counts were 
maintained at levels .500/mL. They had not received high 
doses of corticosteroids. Which RA patients should receive 
prophylactic antibiotics? What is the optimal duration of 
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such chemoprophylaxis? Which agent is recommended for 
prophylaxis for PCP during anti-RA therapy? This arti-
cle includes an up-to-date review of present literature on  
P. jirovecii infection and a proposal for preventive strategies 
against PCP outbreak among RA patients.

risk Factors of PcP in rA and other Inflammatory 
rheumatic diseases

biological and nonbiological antirheumatic drugs. 
Over the past decade, the treatment of RA has changed dra-
matically through early use of MTX and the advent of bio-
logical molecular-targeted agents. With the increased use of 
such antirheumatic drugs, RA patients have been exposed 
to an increased risk of PCP.13–18 Recent postmarketing sur-
veillance (PMS) reports by pharmaceutical companies in 
Japan reported .200 cases of PCP during low-dose MTX 
therapy as of June 2012.19 Other PMS reports in Japan indi-
cated a high incidence of PCP in RA patients receiving the 
tumor necrosis factor α (TNFα) inhibitors infliximab (0.4% 
of 5,000 patients), etanercept (0.2% of 7,091 patients), and 
adalimumab (0.3% of 3,000 patients).20–22 A review of U.S. 
Food and Drug Administration data between 1998 and 2003 
identified 84 cases of PCP following infliximab therapy, and 
among those cases, 49 were RA patients.23 Regarding the 
monoclonal anti-interleukin-6 receptor antibody tocilizumab, 
a PMS report showed that the incidence of PCP was 0.28/100 
patient-years in Japan.24 In addition, there are several reports 
on PCP cases occurring in RA patients who were treated with 
newly approved biological drugs, such as rituximab (a mono-
clonal antibody that binds the CD20 antigen on B lympho-
cytes)25,26 and abatacept (a biological agent that inhibits the 
activation and proliferation of T lymphocytes).27 In Table 1, 
we show the prevalence rates of PCP in RA patients receiving  
biological antirheumatic therapy. These rates were obtained 

from the most recent surveillance reports produced by  
individual pharmaceutical companies in Japan.

As a result of a literature search of the PubMed and 
EMBASE, Kourbeti et al showed that no significant differ-
ences were found in the incidence of PCP between RA patients 
receiving biological therapy and those mainly receiving MTX-
based regimens without biologics, suggesting that RA patients 
are susceptible to PCP regardless of the type of antirheumatic 
therapy. Nevertheless, the absence of a significant association 
with biological therapy should not be regarded as proof of no 
difference, because there is concern over the lack of statistical 
power.28 Using two different population-based hospitalization 
databases in the United States, Louie et al showed that there 
was no detectable increase in the frequency of PCP among 
RA patients in the United States from 1996 to 2007. Data 
suggested that the introduction and increased use of biological 
antirheumatic drugs might not have influenced incidence rates 
in PCP. We should keep in mind, however, that this compli-
cation may not be frequent enough to detect any increase in 
rates of PCP at the population levels.29

steroids. Systemic corticosteroid therapy has been iden-
tified as a risk factor of PCP in patients with RA,30–32 those 
with Wegener’s granulomatosis (WG),33 those with inflamma-
tory rheumatic diseases including RA,17,34–38 and those with 
non-RA inflammatory rheumatic diseases.39 Corticosteroids are 
likely to promote PCP development through depletion of CD4+  
T cells.40 Even low or moderate doses of corticosteroids can  
increase the risk of PCP in these patient populations.17,30–32,37,38

Lymphocyte counts. Several case series and comparison 
studies between patients with PCP and those without showed 
that low lymphocyte counts are a risk factor for the develop-
ment of PCP in patients with systemic lupus erythematosus 
(SLE) or polymyositis/dermatomyositis (PM/DM),41 those 
with WG or SLE,42 and those with inflammatory rheu-
matic diseases including RA.34,35,37,38,43 Means of lymphocyte 
counts in PCP patients varied among studies, ranging from 
88 to 1,053/mL.

The Pneumocystis cell wall contains an abundance of sur-
face antigens that are heavily glycosylated with carbohydrates, 
including 1,3-b-D-glucan (b-D-glucan), glycoprotein A, and 
chitins. These components are an important factor not only for 
cell growth and integrity but also for driving the initiation of 
lung inflammation during PCP.44,45 Inflammatory responses 
directed against P. jirovecii are essential for clearance of this 
organism from the body; however, excessive inflammation can 
cause severe lung injury and impairment of pulmonary func-
tion. It is well known that immune-mediated inflammation 
directly impairs pulmonary function, which contributes to 
the pathogenesis of PCP.46 These findings may be related to 
the fact that PCP often occurs in patients with RA11,12,31,47 
and in those with inflammatory rheumatic diseases including  
RA17,36,48 who have CD4+ T-cell counts .200/mL (mean range,  
435–793/mL) and/or lymphocyte counts .500/mL (mean range,  
726–1,591/mL).

Table 1. prevalence of Pneumocystis jirovecii pneumonia in ra 
patients during biological antirheumatic therapy in Japan.

DRUgS MEChANISMS  
of ACTIoN

PCP 
PREvALENCE
NUMbER (%)

MoRTALITY
NUMbER (%)

Infliximab tnFα inhibitor  
(anti-tnFα  
antibody)

188 (0.3) 19 (10.1)

etanercept tnFα inhibitor  
(soluble tnF  
receptor)

81 (0.1) 15 (18.5)

adalimumab tnFα inhibitor  
(anti-tnFα  
antibody)

54 (0.3) 10 (18.5)

tocilizumab anti–il-6 receptor 
antibody

14 (0.2) 2 (14.3)

abatacept t-cell signaling  
inhibitor

9 (0.1) 2 (22.2)

Note: adapted from Mori et al.19
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Through a literature review, Wu et al suggested that 
the unmasking of PCP following a reversal of immuno-
suppresion may be more common in both HIV-positive 
and HIV-negative patients. Withdrawal of corticosteroids  
led to reconstitution of the immune system, as proven by 
a consistent rise in CD4+ T-cell counts, thereby trigger-
ing the host’s immune-mediated inflammatory response to  
Pneumocystis organisms and causing damage to the lungs. 
Under these conditions, PCP may more commonly manifest 
with an acute and fulminant clinical course compared with 
the immunosuppressed conditions.49

Preexisting lung diseases. Through an in-depth sur-
vey of national databases regarding PCP-associated hos-
pitalization in England, preexisting lung disease has been 
identified as a new risk factor for this opportunistic dis-
ease.50 The association of PCP with preexisting lung dis-
ease has also been reported for patients with RA30–32,48,51 
or for those with SLE or PM/DM41 in several studies with 
small patient numbers.

old age. There are several reports that old age is an inde-
pendent factor contributing to an increased risk of PCP devel-
opment in RA patients who are treated with biological agents 
(mean age range: PCP patients, 66–70 years versus non-PCP 
patients, 55–60 years).30–32,48,52 Teichtahl et al showed that 
PCP patients with inflammatory rheumatic diseases includ-
ing RA were older compared with those without (mean age, 
69.6 versus 50.6 years).38

Asymptomatic carriage of P. jirovecii. Asymptomatic 
carriers of P. jirovecii are at increased risk for developing 
PCP. Besides HIV-positive individuals, the carriage of this 
organism has been noted in HIV-negative patients with 
immunosuppressed conditions, especially in those with a 
CD4+ T-cell count less than 400/mL.53 Patients with RA 
or other inflammatory rheumatic diseases often receive 
immunosuppressive drugs and/or long-term corticosteroid 
therapy. Mekinian et al reported a high prevalence rate of 
P. jirovecii colonization in patients with inflammatory rheu-
matic diseases (16%), and in this patient population, high-
dose corticosteroid therapy and low total lymphocyte counts 
were identified as risk factors for colonization.54 Fritzsche 
et al also showed that 28.5% of patients with inflammatory 
rheumatic diseases including RA, especially those over the 
age of 60, are colonized with this organism, but there were 
no significant influences of corticosteroid dose or immuno-
suppressive co-medication.55 We also found that 10.9% of 
RA patients have asymptomatic carriage of this organism, 
and the mean age of these carriers is significantly older than 
that of noncarriers. There were no significant differences 
in lymphocyte counts or corticosteroid use.18 A high rate 
of colonization (25.6%) was reported among patients with 
RA, ankylosing spondylitis, or psoriatic arthritis treated 
with infliximab. Among those patients, corticosteroid use 
was one of the significant risk factors, but its effect was not 
dose-dependent.56

Mortality of PcP in rA Patients
Despite the availability of anti-PCP drugs, the mortality rate 
of PCP remains high. Most studies indicate better survival 
rates for HIV-positive PCP patients (86%–92%) than for 
HIV-negative PCP patients with various underlying condi-
tions (51%–80%).2 The most recent surveillance by phar-
maceutical companies in Japan reported high numbers of 
fatal cases during treatment with biological or nonbiological 
antirheumatic drugs for RA (MTX, 28 out of 236 patients 
[11.9%]; tacrolimus, 4 out of 14 [28.6%]; infliximab, 19 out of 
188 [10.1%], etanercept, 15 out of 81 [18.5%]; adalimumab, 
10 out of 54 [18.5%], tocilizumab, 2 out of 14 [14.3%]; abata-
cept, 2 out of 9 [22.2%]) (Table 1).19 However, mortality rates 
have been reported to vary from study to study, ranging from 
0% to 67%, in RA patients and those with other rheumatic 
diseases who developed PCP during immunosuppressive 
therapy.12,17,23,31,34–36,47,48,51,52,57,58

There is the possibility that an early diagnosis and prompt 
use of therapeutic antibiotics could decrease the mortality rate 
of non–HIV-infected patients who are receiving immunosup-
pressive therapy. Roux et al conducted a prospective, multi-
center, cohort study for consecutive patients with or without 
AIDS who were admitted to 17 hospitals in France from 2007 
to 2010, in which PCP was more often fatal in non-AIDS 
patients than in AIDS patients (mortality rates, 27% versus 
4%) and the time interval between admission and treatment 
initiation was longer in non-AIDS patients (2 days versus 
1 day). This delayed implementation of PCP treatment appar-
ently affected the survival of non-AIDS patients.59

diagnostic Pitfalls for PcP in rA Patients
clinical features. HIV-negative PCP patients rapidly 

develop fulminate pneumonia with severe oxygenation impair-
ment, diffuse and progressive alveolar damage, and irreversible 
respiratory failure, whereas PCP in HIV-positive individuals 
presents as a subacute disease course.3,4,6,8,9,59–64 Such marked 
differences between the two types of PCP can be explained 
by the fact that more excessive inflammatory responses of the 
lungs are induced in HIV-negative patients.65

In the early stages of PCP in RA patients, respiratory 
symptoms are nonspecific and nonsevere. Chest radiographs 
are nearly normal, but high-resolution computed tomographic 
(HRCT) scans at that time reveal diffuse ground-glass opaci-
ties. HRCT seems to play a central role in evaluating immu-
nocompromised patients with suspected pneumonia and 
almost normal chest radiographs.66 Oxygen saturation in the 
blood should also be measured, at rest and after motion, by 
pulse-oximeter, regardless of the presence or absence of respi-
ratory symptoms. Oxygen saturation is often in the normal 
range at rest, but it drops to low levels after motion.11 Elderly 
patients do not often complain of dyspnea, even when oxygen 
saturation is below 90%. In many cases, their chief complaint 
is a slight general fatigue. We should therefore advise RA 
patients to visit a doctor immediately if they note any unusual 
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physical conditions. PCP in RA patients is likely to progress 
to fulminant and irreversible respiratory failure within the 
first several days.47 RA patients receiving immunosuppres-
sive therapy should be followed up for signs and symptoms  
of PCP development, with a high index of suspicion.

detection of P. jirovecii organisms (microbiological 
examinations). The timely diagnosis of PCP during biologi-
cal or nonbiological antirheumatic therapy and the prompt 
action to treat this complication are critical; however, there are 
no formal criteria for diagnosis of PCP. Given that P. jirovecii 
cannot be cultured in the laboratory, the gold standard of 
diagnosis of PCP is microscopic visualization of P. jirovecii 
cysts and/or tropic forms in induced sputum and bronchoal-
veolar lavage (BAL) fluids using various staining techniques. 
Since the tropic forms predominate over the cystic forms,67 
the modified Giemsa staining (the Diff-Quik staining) of the 
tropic forms may have better sensitivity than the cyst staining. 
However, the microscopy-based diagnosis must be performed 
by experienced microscopists. Cysts can be stained with the 
Grocott-Gomori methenamine-silver and toluidine blue O, 
which has good specificity, but the sensitivity is weak. There-
fore, the cyst staining is not considered satisfactory in HIV-
negative patients. The sensitivity of microscopic diagnosis 
mainly depends on the type and quality of respiratory speci-
mens, the skill and experience of the observers, and the fungal 
burdens. In HIV-negative individuals, the fungal burden is 
lower compared with that in AIDS patients.47,61 In addition, 
it is often difficult to collect optimal specimens from HIV-
negative PCP patients because of rapidly worsening pulmo-
nary conditions.6,34,60,62

Molecular diagnosis of polymerase chain reaction (PCR)– 
based methods, which was developed to overcome the limita-
tions of the microscopic diagnosis, has improved the sensitivity 
of P. jirovecii detection in HIV-negative patients.68 BAL fluids 
are optimal specimens, but induced sputum is also acceptable 
for PCR assays if a patient’s pulmonary condition is severe.69 
Because of its high sensitivity, PCR testing has come to be 
widely used for the diagnosis of PCP in both HIV-positive 
and HIV-negative patients.70 This technique also makes it 
possible to identify individuals who carry P. jirovecii but have 
no clinical or radiological signs of PCP. The asymptomatic 
carriage of this organism is not an uncommon event in elderly 
RA patients,18 but conventional or standard PCR testing can-
not distinguish the disease from P. jirovecii colonization or 
subclinical infection, thereby often producing false-positive 
results (low specificity rates) and low positive-predictive val-
ues in this patient population. Positive PCR results should be 
interpreted in parallel with clinical symptoms and radiological 
findings. In contrast, quantitative real-time PCR assays have 
improved the test specificity and positive-predictive value and, 
therefore, can discriminate between PCP and colonization or 
subclinical infection in immunocompromised patients accord-
ing to a threshold of fungal load.71–77 However, the clinically 
relevant cut-off values remain to be determined and may vary 

depending on the underlying disease.78–80 In addition, we 
should be aware that positive- and negative-predictive values 
are influenced by the disease’s prevalence. Nevertheless, very 
high negative-predictive values (close to 100%) of real-time 
PCR assays are especially useful in making a therapeutic deci-
sion: a negative result of this analysis may allow treatment 
providers to eliminate the need for potentially toxic empiri-
cal treatment.73,74,79,81,82

serum β-d-glucan. Although the diagnosis of PCP 
relies upon microscopic visualization of P. jirovecii organ-
isms and DNA detection in pulmonary specimens, a sero-
logical diagnosis is also helpful, especially for patients who 
cannot undergo invasive sampling of respiratory specimens 
due to respiratory failure. b-D-glucan is a component of the 
cell wall of various fungi such as Candida, Aspergillus, and 
Pneumocystis, the levels of which are increased in the sera 
of patients with invasive aspergillosis, invasive candidiasis, 
or PCP.83,84 Although the b-D-glucan assay is not specific 
to PCP, meta-analysis studies have indicated that its sensi-
tivity for PCP is particularly high, even in HIV-negative 
patients.85,86 Since a negative predictive value is also high, 
this assay is helpful in ruling out the possibility of PCP and 
thereby preventing any unnecessary treatment for this condi-
tion.83 Recent studies have shown that the b-D-glucan assay, 
using a particular threshold, is of practical use for discrimina-
tion of PCP from asymptomatic carriage of P. jirovecii.75,76,87 
However, we should interpret data carefully in the context 
of underlying clinical characteristics of an individual patient 
because there are various factors that may produce false- 
positive results. In addition, generally accepted cut-off values 
have not been determined. A correlation of serum b-D-glucan 
levels to pulmonary fungal load determined by real-time PCR 
testing remains a matter of controversy.88–90 It also remains to 
be clarified whether serum b-D-glucan levels may be of prog-
nostic value in HIV-negative patients.17,88,89,91,92 We should 
keep in mind that b-D-glucan is abundant in the cyst form 
but is not detectable in the trophic form.45

Elevated levels of serum Krebs von den Lungen-6 (KL-6),  
lactate dehydrogenase, and S-adenosylmethionine have been 
reported in PCP patients, but these serological markers have 
not displayed sufficient performance to suggest that they 
would be useful for making an early diagnosis of PCP in HIV-
negative patients.83,88,93

differential diagnosis. PCP, MTX pneumonia, and 
TNFα inhibitor–induced pneumonia are mainly included in 
the differential diagnosis of acute-onset diffuse interstitial 
pneumonia occurring in RA patients receiving immunosup-
pressive therapy. Although there are no established criteria 
for the diagnosis of PCP, positive results of microbiological 
examinations with respiratory specimens and increased levels 
of serum b-D-glucan are helpful in the differential diagno-
sis. If all of these examinations are negative, MTX pneu-
monia or TNFα inhibitor–induced pneumonia should be 
suspected. Serological testing for cytomegalovirus (CMV) 
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antigen pp65 is also useful for differentiating PCP from CMV  
pneumonia, which shows clinical radiological features similar 
to PCP. A recent study suggested that the combined use of 
HRCT findings and serum markers is of great value in the 
differential diagnosis of PCP and CMV pneumonia in HIV-
negative patients.94 Given the rapid progression to respira-
tory failure and the devastating outcomes of PCP, however, 
we should consider starting anti-PCP treatment for RA 
patients who experienced hypoxemia and exhibited abnormal  
HRCT findings suggestive of interstitial pneumonia. In these 
cases, we need not wait for the results of microbiological or 
serum examinations. Instead, the differential diagnosis is 
what is required to determine whether biological agents and/
or MTX can be restarted after recovery from PCP.

Key Points for the treatment of PcP
tMP-sMX. TMP-SMX is still recommended as the 

first-line regimen for the treatment of mild-to-severe PCP 
regardless of the status of HIV infection. The recommended 
daily use is 15–20 mg/kg of TMP plus 75–100 mg/kg of 
SMX, and the duration is 21 days for HIV-positive patients 
and 14 days for HIV-negative patients. Nine to 12 tablets daily 
(TMP, 720–960 mg; SMX, 360–480 mg) are generally pre-
scribed in Japan. However, these recommendations have not 
been proven by randomized trials. The difference in duration 
between HIV-positive and HIV-negative patients is explained 
by the difference in fungal burdens between both groups, but 
the degree of immunosuppression and fungal load are different 
among HIV-negative patients because of the heterogeneity of 
this patient population. We reported a successful elimination 
of P. jirovecii from RA patients with PCP through a short-
term course of treatment with TMP-SMX (1–2 weeks), as 
proven by PCR examinations.12 If adjunctive corticosteroid 
therapy is not introduced, the patient’s condition may tempo-
rarily worsen within the first 3–5 days of TMP-SMX therapy 
because of the inflammatory response triggered by antibiotic- 
induced lysis and the clearance of P. jirovecii organisms in 
the lung.95 During this period, changes in anti-PCP therapy 
should not be considered. Other concomitant infections must 
be excluded as a cause for respiratory failure.

This therapy contributes to the development of adverse 
allergic reactions, such as myelosuppression, mild-to-severe 
skin rash, hepatotoxicity, although such adverse events occur 
less commonly in HIV-negative patients than in HIV-positive 
patients.60 Adverse events usually occur during the second 
week of treatment. In the case of intolerance to TMP-SMX, 
intravenous pentamidine or oral atovaquon is administered 
as an alternative. Although several prospective randomized 
treatment trials have shown that TMP-SMX and pentami-
dine do not show statistically significant differences in efficacy 
or frequency of adverse events,96–98 a recent tri-center cohort 
study revealed that pentamidine was associated with a greater 
risk of death when used as first- and second-line therapy for 
HIV-positive PCP patients.99 Atovaquon has less efficacy but 

better tolerance profiles than TMP-SMX does in the treat-
ment of this patient population,100 but we should nevertheless 
note that such comparison studies on efficacy and tolerance 
profiles were performed on HIV-positive patients.

Adjunctive corticosteroid therapy. The usefulness 
of adjunctive steroid therapy is well established for HIV- 
positive patients with PCP, especially for those with substan-
tial hypoxemia (arterial oxygen partial pressure ,70 mmHg 
or alveolar–arterial gradient .35 mmHg) on room air,101,102 
but the benefit for HIV-negative immunocompromised 
patients have not been proven by current literature. There are 
no randomized trials evaluating the efficacy of corticosteroid 
therapy to reduce morbidity and mortality of PCP in HIV-
negative patients. The lower incidence of PCP, compared with 
that in HIV-positive individuals, makes it difficult to conduct 
a randomized clinical trial for HIV-negative subjects. Only a 
very few retrospective studies were previously conducted for 
HIV-negative patients, which showed controversial results 
regarding treatment efficacy: benefits or no effects or increased 
mortality rates.103–106 Such diverse results may be caused by 
the fact that HIV-negative immunocompromised subjects 
that were examined constituted a heterogeneous patient popu-
lation, and most of them had already received corticosteroid 
therapy at the time of PCP development. Given that immune-
mediated inflammatory responses play a critical role in the 
development of PCP, however, the use of adjunctive corticos-
teroids during PCP treatment may theoretically benefit HIV-
negative patients as well. Further, a multicenter, randomized, 
controlled trial showed that an addition of corticosteroids 
decreases the incidence of hypersensitivity reaction to TMP-
SMX in HIV-positive patients.107 As mentioned above, it 
also prevents early and reversible deterioration of respiratory 
conditions.95 Actually, the use of adjunctive corticosteroids 
has increased and become more common for HIV-negative 
patients with PCP.108 Case series studies for RA patients with 
PCP showed that most cases had received adjunctive corticos-
teroid therapy.12,31,47,48,51,52,58 In the case of acute interstitial 
pneumonia occurring in RA patients, there is the possibility 
of MTX pneumonia or TNFα inhibitor–induced pneumonia, 
and corticosteroid therapy is the mainstay of the treatment of 
such drug-induced pneumonia. In our hospital, short-term 
corticosteroid therapy is currently recommended, immedi-
ately after making the diagnosis of interstitial pneumonia, 
with dosage determined according to the treatment of drug-
induced pneumonia.

our experience with an outbreak of PcP Among  
rA Patients11,12,18

Between March 2005 and October 2009, we performed real-
time PCR testing on 132 RA patients who visited our out-
patient facility, and we identified nine cases of asymptomatic 
carriers between November 2006 and October 2008. Among 
these, three without PCP prophylaxis developed PCP within 
1 month, but the other six tested negative for P. jirovecii 
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DNA after 2–4 weeks of prophylaxis with oral TXP-SMX or 
aerosolized pentamidine. During this period, we also encoun-
tered an additional five cases of PCP occurring in RA outpa-
tients who had not yet undergone PCR testing. The members 
of this cluster had visited our outpatient facility regularly for 
a routine medical checkup or treatment. We performed con-
tact tracing by extracting the dates of patients’ visits from 
the medical charts as well as by interviewing patients, and 
we found that all the members, except two, had potentially 
infectious contacts at the outpatient facility within at least 
4 months before the first positive PCR result. One case was at 
the same inpatient ward for joint surgery at the time when a 
PCP patient was hospitalized. The other was a family member 
of a PCP patient. No geographical clustering by postal code 
was noted, suggesting that a regional environmental source 
outside the hospital was less likely. We also checked 42 health 
staff members who worked in the outpatient facility during 
this period, but no positive PCR results were obtained. In this 
outbreak, PCP patients received a very short-term course of 
treatment with TMP-SMX (1–2 weeks). High doses of cor-
ticosteroid were concomitantly administered to PCP patients 
to reduce inflammatory environments in the lungs. Through 
the eradication of P. jirovecii from asymptomatic carriers as 
well as PCP patients, which was confirmed by real-time PCR 
examinations, the outbreak was resolved and no new PCP out-
break has been observed in our patient group, even though the 
patients restarted immunosuppressive therapy for RA without 
secondary prophylaxis.

Person-to-Person transmission of P. jirovecii
de novo acquisition of P. jirovecii. Primary infection 

with P. jirovecii occurs early in life, and subclinical infection 
of these organisms is highly prevalent in healthy infants.109,110 
PCP events occurring in adults had therefore been considered 
to be mostly due to a reactivation of latent childhood infec-
tion of P. jirovecii. Currently, however, PCP development is 
considered to result from new infection rather than from reac-
tivation of latent childhood infection. Several studies showed 
that a clustering of specific genotypes of P. jirovecii was asso-
ciated with the places of residence and diagnosis rather than 
the place of birth, which is consistent with the hypothesis 
of a new acquisition of P. jirovecii from a common environ-
mental source or person-to-person transmission.111–113 Sev-
eral studies have also shown that genetically distinct strains 
were isolated during each recurrent episode of PCP in HIV- 
positive individuals.114,115

There are three possible infectious sources: the environ-
ment, transiently infected carriers, and patients with active 
PCP. Pneumocystis is a ubiquitous set of organisms that infects 
a wide variety of mammalian species. Are animals a common 
environmental source? Several studies indicated that Pneumo-
cystis species were transmissible only to the same host species, 
and cross-transmission among different mammalian species 
has not been documented.116,117 Rats and humans harbor 

genetically distinct types of Pneumocystis species.118 Thus, 
every mammalian species seems to have its own Pneumocystis 
species and, among these species, P. jirovecii is the only fungus 
that is pathogenic in humans. In addition, continuous culti-
vation of this species outside of the host lung has not as yet 
been successful; namely, Pneumocystis cannot propagate out-
side an infected host.119 Given such a nonzoonotic character of 
Pneumocystis and the inability of continuous cultivation under 
laboratory conditions, asymptomatic carriers and active PCP 
patients most likely serve as an infectious source and reservoir 
in the interhuman transmission cycle.

Asymptomatic carriers of P. jirovecii in non–HIV-
infected individuals. Pneumocystis jirovecii colonization is 
well recognized among HIV-positive individuals who were 
hospitalized with non-PCP pneumonia (68%) or who died 
from causes other than PCP (46%).120,121 Carriage of this 
organism has also been described in non–HIV-infected indi-
viduals with immunosuppressive conditions,122,123 those with 
chronic pulmonary disease,124–135 and even immunocompe-
tent healthy persons.110,136–138 Pneumocystis jirovecii DNA was 
detected in respiratory samples of 32% of normal infants and 
in 21.5% of older adults110,137 as well as in the respiratory tract 
of 20% of healthy adults.136 Pneumocystis jirovecii DNA was 
also detected in the autopsy lungs of 64.9% of individuals who 
had died of violent or nonviolent causes.138

Interhuman transmission in the general population. 
Totet et al reported shared features of P. jirovecii genotypes 
between immunocompetent infants with a primary infection 
and immunocompromised adults with PCP, which is consis-
tent with the idea that the infant population may represent 
an important infectious source and reservoir in the commu-
nity.139 Rivero et al reported a case of P. jirovecii transmis-
sion from colonized grandparents with chronic bronchitis to 
their infant grandchild via the airborne route. Genotyping of 
P. jirovecii showed the same genotypes in respiratory samples 
from the infant and her grandparents. These findings sug-
gested that patients with chronic pulmonary disease who are 
colonized with P. jirovecii may play an important role as major 
sources and reservoirs of infection. Considering that patients 
with chronic pulmonary diseases are sputum producers, they 
may represent reservoirs with the potential ability to transmit 
P. jirovecii to susceptible hosts.140

Person-to-person transmission via airborne route in 
hospital environments. Pneumocystis jirovecii DNA has been 
identified in air samples obtained from hospital environ-
ments, which suggests an environmental risk to susceptible 
persons. At the same time, this finding suggests the possibil-
ity of nosocomial person-to-person transmission via an air-
borne route.141,142 Choukri et al indicated that fungal burdens 
in air samples regularly decreased with increased distance 
from hospitalized patients with PCP. In that study, P. jirovecii 
DNA was detected in 79.8% of air samples collected 1 meter 
from patients’ heads, 69.2% at 3 meters, 41.7% at 5 meters, 
and 33.3% at 8 meters. The authors proposed a possible risk of 
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direct airborne transmission of P. jirovecii from close contact 
with PCP patients.143 Nevertheless, we cannot exclude the 
environmental risk completely because air samples taken in 
the corridor adjacent to their room were still positive in that 
study. In each PCP patient reported by that study, P. jirovecii 
genotypes in surrounding air samples closely matched those in 
respiratory specimens, confirming that P. jirovecii organisms in 
the air of hospital rooms were exhaled by PCP patients.144 Le 
Gal et al reported that P. jirovecii was detected in air samples 
collected 1–5 meters from the heads of patients with diverse 
underling conditions who were colonized with this organism. 
Full genotype matches were observed in three out of four pairs 
or triplets of air and pulmonary specimens, confirming that  
P. jirovecii was exhaled by colonized patients. Patients har-
boring this organism can therefore participate in nosocomial 
transmission of P. jirovecii organism via an airborne route.145

Accumulated molecular evidence indicates that immu-
nocompetent healthcare workers may become colonized with 
P. jirovecii through occupational close contact with patients 
who have developed PCP.146,147 Pneumocystis jirovecii can 
persist, for limited periods of time, in HIV-positive patients 
who have clinically recovered from PCP.148,149 Thus, transmis-
sion of this organism to hospital staff may continue for some 
time after patients’ recovery from PCP. Healthcare workers 
may therefore serve as vectors of this infection. Valade et al 
showed the direct airborne excretion of P. jirovecii by critically 
ill patients with colonization. Pneumocystis jirovecii DNA was 
also present in the air exhaled from healthcare workers who 
had possible contact with colonized patients. In addition, the 
authors showed a genotype match between the strain found 
in patients’ BAL fluids and that isolated from healthcare 
workers, suggesting a possible airborne transmission between 
patients and healthcare workers.150 In contrast, another group 
showed that there is no difference in the frequency and level 
of antibodies to Pneumocystis organism between staff exposed 
and those unexposed to PCP patients and no detectable Pneu-
mocystis DNA in oropharyngeal washings of any hospital staff, 
suggesting that immunocompetent staff treating PCP patients 
are not a potentially infectious source of this organism for 
immunocompromised patients.151

Using a new genotyping method for PCP patients, Gits-
Muselli et al suggested the possibility that nosocomial trans-
mission of P. jirovecii may have occurred between patients 
with different underlying diseases, including renal transplant 
recipients, patients with hematological malignancies, and can-
cer patients. A transmission map showed that contact between 
these patients occurred in various places of the hospital such as 
the radiology room, cafeteria, corridors, and hall.152

Prophylaxis of PcP outbreaks Among rA Patients
Need for measures to control nosocomial outbreaks of 

PcP among rA patients. Guidelines for PCP prophylaxis are 
generally based on data that were drawn from experience with 
HIV-positive patients. There is no consensus on the infection 

control for inflammatory rheumatic diseases. Isolation of PCP 
patients during hospitalization is feasible for avoiding close 
contact with susceptible patients. In contrast, it is difficult to 
identify and isolate outpatients with subclinical carriage of  
P. jirovecii in hospital environments. In the case of healthy 
individuals, this fungus is cleared rapidly from the body with-
out the development of PCP, but RA patients appear to have 
a persistent infection with active replication of P. jirovecii. 
Such asymptomatic carriers serve as infectious sources and 
reservoirs, and, in most cases, they eventually develop PCP.  
A new infection control measure is required to prevent air-
borne human-to-human transmission and eventually nosoco-
mial PCP outbreaks among RA patients.

which rA patients should receive PcP prophylaxis?. 
Prophylaxis with TMP-SMX is highly effective for preven-
tion of PCP and is associated with a decrease in mortality. 
Primary PCP prophylaxis is recommended for HIV-infected 
individuals with CD4+ T-cell counts of ,200/mL.153,154 PCP 
prophylaxis was also warranted for non–HIV-infected adult 
patients who were transplant recipients, for patients with 
hematological cancer when the expected risk for PCP is 3.5% 
or more,155 and also for patients without HIV infection receiv-
ing prolonged systemic corticosteroid therapy at a level equiv-
alent to 16–20 mg or more of daily prednisolone.5,156 These 
recommendations appear to be drawn from the concept that 
the benefit of PCP prophylaxis relies on the incidence rate of 
this pneumonia in each patient group. In this context, RA 
patients may not be subject to PCP chemoprophylaxis because 
the incidence rate of PCP is lower than that of the high-risk 
group. Considering the poor survival rates of PCP cases in 
RA patients, however, prophylaxis of P. jirovecii infection 
should be discussed for this patient population before starting 
immunosuppressive therapy. We first need to identify those 
patients whose risk of developing PCP is great enough to 
warrant primary prophylaxis in spite of the risk of sometimes 
life-threatening adverse effects such as myelosuppression, 
Stevens-Johnson syndrome, and sever hepatotoxicity. Who 
can obtain the greatest benefit from the prophylactic use of 
TMP-SMX? Unfortunately, no quantitative markers clearly 
correlate with the risk of PCP in patients with inflammatory 
rheumatic diseases in the way that CD4+ T-cell count does in 
HIV-infected individuals.

Several reports have indicated that PCP prophylaxis 
with TMP-SMX was effective in patients with inflammatory 
rheumatic diseases who share the risks mentioned in the first 
half of this review.37,157,158 Katsuyama et al showed that RA 
patients with two or three risk factors for PCP including old 
age (.65 years), preexisting lung disease, and corticosteroid 
use benefited from primary prophylaxis.32 However, we previ-
ously showed that bronchiolar abnormalities and interstitial 
changes were commonly seen in RA patients (ie, bronchial 
dilatation and ground-glass attenuation were observed in 41% 
and 27% of RA patients, respectively).159,160 Such structural 
modifications in the lungs of RA patients may provide favorable 
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environments for infection with P. jirovecii. In this context, 
most RA patients should be subject to PCP prophylaxis.

duration of PcP prophylaxis for rA patients. When 
can prophylactic antibiotics safely be discontinued? Consid-
ering the lifelong use of multiple antirheumatic drugs for 
RA patients, it is impractical to continue chemoprophylaxis 
all through anti-RA therapy. As mentioned above, the out-
break of P. jirovecii infection among RA patients was resolved 
within 1–4 weeks of use of TMP-SMX or pentamidine for 
PCP patients and asymptomatic carriers, and PCR testing 
confirmed that 1 week of prophylactic antibiotics is effective in 
eradicating P. jirovecii from asymptomatic carriers.11,12,18 Saito 
et al also showed that P. jirovecii disappeared within 7–10 days 
after commencement of TMP-SMX treatment for patients 
with PCP and inflammatory rheumatic diseases (SLE, RA, 
PM/DM, and others), without any recurrence.35 Godeau et al 
also reported that no relapse of PCP was seen among survivors 
who had been treated with TMP-SMX for a mean of 17 days, 
even though they continued to receive immunosuppressive 
drugs for inflammatory rheumatic diseases (WG, SLE, PM/
DM, polyarthritis nodosa, and others) without secondary pro-
phylaxis.34 In contrast, one case series study reported that new 
PCP developed in three patients with WG or SLE after dis-
continuation of immunosuppressive therapy (high-dose corti-
costeroid or cyclophosphamide) and primary PCP prophylaxis 
(atovaquon or Dapsone). These patients had profound lym-
phopenia (0–160/mL) at the development of PCP. The data 
suggested the uncertainty regarding appropriate time of PCP 
prophylaxis following the tapering or cessation of immuno-
suppressive therapy.42

which agent is recommended for prophylaxis for PcP 
during anti-rA therapy?. Although evidence has accumu-
lated in HIV-positive patients indicating that TMP-SMX is 
superior to aerosolized pentamidine in prophylactic medica-
tion,161,162 there are very few studies comparing TMP-SMX 
and other anti-PCP agents in terms of prophylactic efficacy 
for PCP in HIV-negative patients with inflammatory rheu-
matic diseases. Kimura et al retrospectively compared the 
prophylactic efficacy of TMP-SMX and aerosolized penta-
midine in patients with vasculitis, SLE, PM/DM, adult still 
disease, or other inflammatory rheumatic diseases, and that 
study indicated that TMP-SMX was superior to pentamidine 
inhalation.163 Through a meta-analysis of 12 randomized trial 
studies for HIV-negative patients who had bone marrow or 
solid-organ transplant or those who had hematologic cancer, 
Green et al found that there was no difference between once-
daily and three-times weekly administration schedules and 
suggested the effectiveness of TMP-SMX as a prophylaxis of 
PCP.155 However, we should be aware that TMP-SMX can 
sometimes induce allergic pancytopenia in association with 
MTX treatment of RA.164,165

Beside antimicrobial activity, nonspecific anti-inflammatory  
and immunomodulatory properties of TMP-SMX have 
been reported: this medication reduces proliferation of 

lymphocytes, increases bactericidal activity and chemotaxis 
of neutrophils, and enhances phagocytosis and intracellular  
killing of macrophages.166 Improved clinical function and 
reduced inflammation were reported in RA patients treated 
with SMX.167 Through a Medline search of the literature 
from 1966 to 2000, Rozin et al suggested that because of its 
therapeutic qualities, low cost, and relative nontoxicity, TMP-
SMX may warrant a role in the treatment of RA.168 It is clear 
that the anti-inflammatory and immunomodulatory proper-
ties of TMP-SMX require further exploration.

A combination of TMP and SMX shows antimicrobial 
activity against a broad spectrum of bacterial, fungal, and pro-
tozoal pathogens. This medication can, therefore, influence 
blood culture results, which may make it difficult to isolate 
other serious infectious pathogens, thereby requiring the need 
for prolonged courses of broad-spectrum empiric therapy.156 
In addition, the increased use of TMP-SMX for both treat-
ment and prevention of PCP has raised concerns about the 
development of resistant organs. Dihydropteroate synthase 
(DHPS) is a target enzyme of sulfonamides, and several stud-
ies consistently showed a significant association between the 
use of TMP-SMX for PCP prophylaxis in HIV-positive indi-
viduals and the presence of specific mutations in the DHSP 
gene of P. jirovecii, which suggests that the use of TMP-SMX 
is responsible for the selection of DHPS mutants. Whether 
the mutations in the DHPS gene confer clinical resistance to 
TMP-SMX remains unclear because several published stud-
ies offer conflicting results.169

conclusions
Asymptomatic carriers play a potential role in the circula-
tion of P. jirovecii among RA patients. In our hospital, we 
usually carry out the following measures to prevent the risk 
of PCP outbreaks (Fig. 1). First, we prescribe one tablet of 
TMP-SMX (80 mg of TMX plus 400 mg of SMX) daily 
for 5–7 days (or two tablets three times a week) for all RA 
patients who are scheduled to start biological and/or nonbio-
logical antirheumatic therapy. We keep in mind the possibility 
that a new patient may carry a new infection into our patient 
cohort. Once a new case of PCP occurs, this short-term pro-
phylaxis is recommended for all RA patients who are receiving 
biological and/or nonbiological antirheumatic drugs. Regular 
PCR testing during antirheumatic therapy is now not recom-
mended because of its high cost. Long-term prophylaxis is 
also not recommended because of the increased risk for devel-
oping Pneumocystis resistance and for masking other serious 
infectious diseases. Considering the possible risk of develop-
ing allergic pancytopenia to TMP-SMX, a blood test should 
be conducted 1 week after starting this course of medication. 
To avoid close interhuman contact between susceptible RA 
patients and potential asymptomatic carriers in other clinical 
sections such as the pulmonary division and HIV clinic, the 
waiting rooms in our hospital are separated through the use of 
panels. Since these prophylactic measures were adopted in our 

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-circulatory-respiratory-and-pulmonary-journal-j44


Pneumocystis jirovecii infection in rheumatoid arthritis

37CliniCal MediCine insights: CirCulatory, respiratory and pulMonary MediCine 2015:9(s1)

rheumatology section, we have not encountered any outbreak 
of P. jirovecii infection in our hospital.
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