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Pneumocystis pneumonia has long been recognized as a cause of morbidity and mortality in immunocompromised populations,
particularly those with HIV infection. Pneumocystis colonization—that is, detection of the organism or its DNA, without signs or
symptoms of pneumonia— has recently been described, and accumulating evidence suggests that it may be an important clinical
phenomenon. Sensitive molecular techniques such as polymerase chain reaction are frequently used to identify Pneumocystis
colonization. Low levels of Pneumocystis in the lungs may stimulate pulmonary inflammation and may play a role in the devel-
opment of lung diseases such as chronic obstructive pulmonary disease. In this review, we discuss evidence for the occurrence of
Pneumocystis colonization in animals as well as the epidemiology and risk factors for Pneumocystis colonization in various
human populations. We also evaluate the clinical significance of Pneumocystis colonization and its relationship to lung disease.

Pneumocystis jirovecii, previously known
as Pneumocystis carinii f. sp. hominis, has
long been recognized as a cause of oppor-
tunistic infections in the lower respiratory
tract. Individuals with weakened immune
systems, especially those with AIDS, are
most commonly affected. Pneumocystis
may also be present in the respiratory
tract when clinical pneumonia is absent.
The detection of Pneumocystis in individ-
uals without signs and symptoms of
Pneumocystis pneumonia (PCP) has been
defined as colonization. Other terms that
have been used include “carriage” and

“subclinical infection.” Although Pneu-
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mocystis can be visualized in respiratory
specimens by microscopic examination
using traditional staining methods, its de-
tection in individuals without pneumonia
often requires use of polymerase chain re-
action (PCR). The clinical significance of
Pneumocystis colonization is not yet fully
understood, but it may be important for
several reasons. Individuals colonized
with Prneumocystis may be at risk of devel-
opment of PCP or may transmit Preumo-
cystis to others. In individuals receiving
long-term  anti-Prneumocystis prophy-
laxis, colonization may lead to the selec-
tion of mutations that have been associ-
ated with drug resistance. Furthermore,
the presence of Pneumocystis in the lungs,
even at low levels, may stimulate a host
inflammatory response that leads to lung
damage and may play a role in the pro-
gression of lung diseases such as chronic
obstructive pulmonary disease (COPD).
In the present review, we will describe
techniques to detect Pneurmocystis coloni-
zation and will discuss its effects in ani-
mals. The epidemiology of Pneumocystis
colonization in humans will be summa-
rized, along with the risk factors associ-

ated with it. Finally, its clinical signifi-
cance will be discussed.

DETECTION METHODS

Immunohistochemical stains. Because
Pneumocystis cannot be grown in cul-
ture, its detection relies on identifica-
tion of its microscopic morphology.
Staining methods such as methenamine
silver, Wright, or Giemsa and/or the use
of immunofluorescence-targeted anti-
bodies are traditional methods for diag-
nosis of PCP in infected hosts when the
organism burden is relatively high. Al-
though some investigators have de-
tected Pneumocystis colonization by us-
ing traditional staining methods [1],
these methods are generally not ade-
quate for detection of Pneumocystis col-
onization, and researchers have turned
to more sensitive molecular techniques.

PCR. The development of PCR has
been instrumental in advancing the study of
Preumocystis colonization. In 1990, detec-
tion of P. jirovecii by PCR was first described
by Wakefield et al. [2]. The DNA sequence
of the Pneumocystis large subunit of mito-
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Table 1. Summary of studies of Pneumocystis colonization in children.
Colonized with
Subjects, Diagnostic Diagnostic Pneumocystis,
Study no. sample method Population %
Vargas et al. 1999 [11] 695 Autopsy lung IHC stain IC infants dying of SIDS and other causes 9.4
Vargas et al. 2001 [9] 74 NPA Nested PCR IC with respiratory infection 32.0
Morgan et al. 2001 [1] 79 Autopsy lung IHC stain Infants dying of SIDS 13.9
Nevez et al. 2001 [12] 178 NPA Nested PCR IC with bronchiolitis 24.3
Kasolo et al. 2002 [13] 75 Autopsy lung PCR Children with and without HIV and dying 17.3
of non-PCP respiratory illness
Totet et al. 2003 [14] 240 NPA Nested and IC with bronchiolitis 24.6
real-time PCR
Beard et al. 2005 [15] 58 Autopsy lung Nested PCR IC infants dying of various causes 100.0
(4 samples)
Vargas et al. 2005 [16] 112 Autopsy lung Nested PCR IC infants dying in community/hospital 44.6
(1 sample),
tracheal aspirate
Vargas et al. 2007 [17] 130 Autopsy lung GMS stain IC infants dying in the community 32.3
Larsen et al. 2007 [18] 422 NPA Real-time PCR IC infants hospitalized with acute 15.9

respiratory infection

NOTE. GMS, Gomori methenamine silver; IC, immunocompetent; IHC, immunohistochemical; NPA, nasopharyngeal aspirate; PCR, polymerase chain

reaction; SIDS, sudden infant death syndrome.

chondrial (mtLSU) rRNA was cloned and
used as a primer for amplification. The ad-
vantage of the mtLSU locus as a target for
PCR is that it is a multicopy gene and thus
enhances sensitivity. Other modifications
to PCR-based detection improve sensitivity
further. For example, nested PCR, in which
asecond round of PCR using primers inter-
nal to the originals is performed, has been
implemented to increase detection of Preu-
mocystis colonization. PCR results should
be interpreted with caution, because false-
positive and false-negative results can oc-
cur. Scrupulous laboratory technique must
be observed to prevent contamination of
samples, and proper controls must be per-
formed to determine evidence of PCR in-
hibitors.

EPIDEMIOLOGY OF
PNEUMOCYSTIS
COLONIZATION IN ANIMALS

Pneumocystis colonization is well docu-
mented in many species of mammals, in-
cluding shrews, rats, voles, squirrels, and
brown hares. In commercial rat colonies,
nested PCR used to analyze oral swab sam-
ples has shown that 98% of adult rats be-
come colonized with Pneumocystis shortly

after they are received from the vendor [3,
4]. In newborn rats, Icenhour et al. demon-
strated that 80% of neonatal rats carried
Preumocystis in the oral cavity within 2 h
after birth [3]. The prevalence reached 97%
after 24 h. Within 48 h, the entire popula-
tion were carriers.

Pneumocystis colonization has been re-
ported in wild and laboratory nonhuman
primates. In a group of free-living healthy
macaques, Preumocystis colonization was
assessed by nested PCR analysis of deep-
nasal swab samples [5]. The prevalence of
Pneumocystis colonization ranged from
11% to 100%, depending on the month of
testing, and its duration ranged from <1
month to 6 months. Laboratory primates
with simian immunodeficiency virus (SIV)
can also develop Prieumocystis colonization,
both naturally and after intrabronchial in-
oculation [6, 7]. This colonization state may
persist for >40 weeks without development
of acute PCP.

EPIDEMIOLOGY OF
PNEUMOCYSTIS
COLONIZATION IN HUMANS

Children.
rovecii is common in young children, as is

Primary exposure to P. ji-

demonstrated by the increase in anti-
Pneumocystis antibody titers during the
first few years oflife [8, 9]. For example, in
a study of 233 Spanish children, the over-
all seroprevalence was 73% [10]. Further-
more, there was evidence of an age-
related increase in seroprevalence, from
52% at age 6 years to 66% at 10 years and
to 80% at age 13 years [10]. Among
healthy, immunocompetent infants in
Chile, the seroconversion rate reached
85% by 20 months of age [9].
Pneumocystis colonization may be de-
tected directly in infants and young chil-
dren and may be associated with condi-
tions such as bronchiolitis and sudden
infant death syndrome (SIDS) (table 1).
Vargas et al. obtained nasopharyngeal as-
pirates (NPAs) during mild respiratory
infections in immunocompetent infants
[9]. Of 74 infants studied, 24 (32%) were
found to carry Pneumocystis DNA. Al-
though Pneumocystis colonization was
detected in the setting of mild respiratory
infection, the fact that 14 (21%) of 67
children seroconverted without anteced-
ent respiratory symptoms suggests that
primary infection can also be asymptom-
atic in children. Interestingly, 3 (13%) of
the 24 infants who tested positive for
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Table 2. Summary of studies of Pneumocystis colonization in imnmunocompetent adults.

Subjects, Diagnostic Diagnostic Colonized with

Study no. sample method Population Pneumocystis, %
Wakefield et al. 1990 [2] 10 BAL PCR IC 0

Peters et al. 1992 [19] 15 Autopsy lung PCR Death from trauma or cardiovascular 0

disease

Leigh et al. 1993 [20] 20 IS PCR IC homosexual/heterosexual males 0

Nevez et al. 1997 [21] 169 BAL Heminested PCR HIV negative 19.5
Vargas et al. 2003 [22] 28 Nasal swab Nested PCR Nonpregnant women 0
Medrano et al. 2005 [23] 50 ow Nested PCR IC 20

Nevez et al. 2006 [24] 30 Sputum Nested PCR IC 0

NOTE. BAL, bronchoalveolar lavage; IC, immunocompetent; IS, induced sputum; OW, oropharyngeal wash; PCR, polymerase chain reaction.

Pneumocystis had apnea episodes, com-
pared with none of 50 infants in whom
Pneumocystis DNA was not detectable.
Nevez et al. reported a 24% prevalence of
Pneumocystis colonization when nested
PCR was used to analyze NPAs from 178
infants with bronchiolitis [12]. Similar
levels of Pneumocystis colonization (i.e.,
14%-25%) have been noted by others
who have investigated the immunocom-
petent pediatric population with acute re-
spiratory syndromes or chronic lung dis-
eases [13, 14, 18].

Autopsy studies have played an impor-
tant role in our understanding of Pneu-
mocystis colonization in infants and sug-
gest a possible relationship between such
colonization and SIDS. Vargas et al. ex-
amined autopsy lung tissue from 534 in-
fants dying either at home or in the hos-
pital [11]. Using immunohistochemical
analysis, they found that 3% of all speci-
mens were positive for Pneumocystis. Of
the infants who died at home because of
SIDS, 25% had detectable Pneumocystis
DNA, compared with only 2.9% of in-
fants who died in the hospital because of
other causes (P = .002). In an additional
analysis of 161 SIDS cases, 32% of infants
from Chile and the United Kingdom had
Pneumocystis as determined by micros-
copy of lung tissue. Morgan et al. stained
lung tissue from infants dying of SIDS
and found that 14% of them had Pneumo-
cystis cysts as determined by microscopy
[1]. This detection rate might have been
somewhat higher if PCR had been used,
because Vargas et al., using nested PCR to
analyze autopsy lung specimens, recently

found that 52% of infants dying in the
community were colonized with Prneumo-
cystis, compared with 20% of infants dy-
ing in the hospital (P = .006) [16]. Beard
et al. reported an even higher prevalence:
100% of 58 infants who died from either
SIDS or other causes tested positive for
Pneumocystis colonization, based on
nested PCR analysis of autopsy lung spec-
imens [15]. The high level of detection in
that study might be the result of differ-
ences in PCR techniques, geographic vari-
ation in Pneumocystis colonization, or
differences in the subjects studied. A re-
cent study suggests that the association
between Pneumocystis colonization and
SIDS is not one of direct causality, be-
cause the proportion of infants with
Pneumocystis as determined by micros-
copy was similar whether they died of
SIDS or other causes [17].

Healthy, immunocompetent adults.
The prevalence of Pneumocystis coloni-
zation among healthy adults (those
without immunosuppressive condi-
tions or lung disease) in published stud-
ies has differed (table 2). Using non-
nested PCR, Peters et al. examined
autopsy lung specimens from 15 non-
immunosuppressed subjects but did
not identify Pneumocystis DNA in any
of them [19]. Also, Wakefield et al. were
unable to detect Pneumocystis in bron-
choalveolar lavage (BAL) fluid from 10
healthy subjects [2]. Several other stud-
ies, which used nested PCR to analyze
oral wash samples, induced sputum
samples, or nasal-swab samples from
healthy volunteers, also failed to find

evidence of Pneumocystis colonization
(20, 22,24]. There are some studies that
have detected Pneumocystis coloniza-
tion in healthy subjects, however. The
largest study of nonimmunosuppressed
subjects used nested PCR to analyze
BAL specimens and found that 33
(20%) of 169 subjects were colonized
with Pneumocystis [21]. In a more re-
cent study of healthy subjects, the prev-
alence of Pneumocystis colonization as
determined by nested PCR analysis of
oropharyngeal wash samples was 20%
[23]. That study examined hospital ad-
ministrative workers, who, although
they did not have known direct contact
with patients with PCP, might have
greater exposure than most healthy sub-
jects in the community and, therefore, a
higher level of Pneumocystis coloniza-
tion. The differences in studies could be
explained by varying occupational or
geographic exposures in the popula-
tions, differences in techniques, or dif-
fering characteristics of the subjects.
HIV-infected adults.
what has been reported for the healthy

In contrast to

population, Pneumocystis colonization
clearly occurs in the HIV-infected popu-
lation. The prevalence of Pneumocystis
colonization varies depending on the spe-
cific population studied (table 3). In a
study of HIV-infected patients hospital-
ized with pneumonia and demonstrated
not to have PCP, nested PCR analysis of
induced sputum samples or BAL samples
showed that 69% of subjects were colo-
nized with Pneumocystis [28]. A study of
autopsy lung tissue from HIV-infected
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Table 3. Summary of studies of Pneumocystis colonization in adults infected with HIV.

Subjects,  Diagnostic Diagnostic Colonized with
Study no. sample method Population Pneumocystis, %
Leigh et al. 1993 [20] 70 IS/BAL PCR HIV infected 10.0 (CD4 >400),
20.0 (CD4 <400),
40.0 (CD4 <60, on
PCP prophylaxis),
10.0 (non-PCP iliness)
Nevez et al. 1997 [23] 34 BAL Heminested HIV infected 14.3

Rabodonirina et al. 1997 [25] 80 BAL

PCR

Nested PCR HIV infected with respiratory symptoms 31.3

20.0

43.8

Nevez et al. 1999 [26] 5 BAL Heminested HIV-infected inpatients

PCR
Matos et al. 2001 [27] 52 IS, OW Nested PCR HIV infected with respiratory symptoms 28.8
Huang et al. 2003 [28] 32 IS, BAL Nested PCR HIV infected with respiratory symptoms 68.8
Wakefield et al. 2003 [29] 16 BAL Nested PCR HIV infected
Morris et al. 2004 [30] 91 Autopsy lung Nested PCR HIV-infected men dying of non-PCP causes 46.2

NOTE. BAL, bronchoalveolar lavage; IS, induced sputum; OW, oropharyngeal wash; PCP, Pneumocystis pneumonia; PCR, polymerase chain reaction.

men dying from causes other than
PCP reported that 46% of these subjects
were colonized with Pneumocystis [30].
Pneumocystis colonization prevalences of
20%—43% have been reported by studies
using PCR analysis of BAL specimens
from HIV-positive patients [2, 29]. An-
other study has found Pneumocystis colo-
nization in approximately one-third of
asymptomatic patients with HIV who
were receiving anti-PCP prophylaxis and
whose sputum, on the basis of cytological
analysis, was found to be negative for
Pneumocystis [25]. Factors that may con-
tribute to the wide variations in the prev-
alence of Pneumocystis colonization in
HIV-infected individuals include the dif-
ferent populations tested, the method
used to collect the respiratory specimen,
and the different sensitivities of the vari-
ous diagnostic techniques.

Risk factors for Pneumocystis coloniza-
tion have been examined in the HIV-

infected population to determine the
clinical characteristics that might predis-
pose to colonization. Factors such as a
history of PCP, use of PCP prophylaxis,
and use of antiretroviral medications
have not been found to be associated with
the risk of Pneumocystis colonization [28,
30]. Published studies differ as to whether
CD4 cell count is associated with Pneu-
mocystis colonization. Leigh et al. re-
ported that Pneumocystis colonization in-
creased as the CD4 cell count decreased
[20]: they found that the prevalence of
Pneumocystis colonization was 10% in
subjects with CD4 cell counts >400 cells/
1L, 20% in those with CD4 cell counts
<400 cells/ uL but >60 cells/uL, and 40%
in those with CD4 cell counts <60 cells/uL
(P = .03). In contrast, both Huang et al.
and Morris et al. reported that there was
no association between CD4 cell count
and the risk of Pneumocystis colonization
[28, 30]. Other factors that have been re-

ported to increase the risk of Prneumocystis
colonization in HIV-infected individuals
are a history of smoking and the place of
residence: in a study of the Multicenter
AIDS Cohort, smokers had a higher risk
of Pneumocystis colonization (odds ratio
[OR], 2.9; P = .02) than did nonsmok-
ers, and residents of Los Angeles had a
lower risk of Pneumocystis colonization
(OR, 0.14; P = .002) than did subjects
from other study sites [30].

Adults with non-HIV immunosuppres-
sion. Pneumocystis colonization also oc-
curs in non—-HIV-infected individuals with
various medical conditions (table 4). In a
group of non—-HIV-infected immunosup-
pressed patients, 13 (16%) of 82 were colo-
nized with Prneumocystis [26]. Diagnoses of
these subjects included conditions such as
multiple myeloma, sarcoidosis, chronic
lymphoid leukemia, and diabetes mellitus.
Interestingly, CD4 cell count played a sig-
nificant role in the HIV-negative subjects

Table 4. Summary of studies of Pneumocystis colonization in immunosuppressed adults not infected with HIV.

Subjects, Diagnostic Diagnostic Colonized with
Study no. sample method Population Pneumocystis, %
Nevez et al. 1999 [26] 82 BAL PCR Various causes of immunosuppression 15.8)
Maskell et al. 2003 [31] 18 BAL Nested PCR  Receiving prednisolone (>20 mg/day) 44.0
Vargas et al. 2003 [22] 33 Nasal swabs Nested PCR  Pregnant women 155
Helweg-Larsen et al. 17 BAL, tracheal Nested PCR  Patients with suspected pneumonia and 58.8

2002 [32]

aspirate, sputum

receiving corticosteroids

NOTE. BAL, bronchoalveolar lavage; PCR, polymerase chain reaction.
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Table 5. Summary of studies of Pneumocystis colonization in adults with pulmonary diseases.

Subjects, Diagnostic Diagnostic Colonized with

Study no. sample method Population Pneumocystis, %
Calderon et al. 1996 [33] 50 Sputum IHC stains, IF stains  Chronic bronchitis 10.0
Sing et al. 1999 [34] 63 BAL Nested PCR IC with primary pulmonary  19.0

disease
Varela et al. 1998 [35] 45 Sputum IF stains Cystic fibrosis 0.0
Probst et al. 2000 [36] 141 IS, bronchial Nested PCR CLD 21.3

aspirate, BAL

Visconti et al. 2000 [37] 78 BAL Nested PCR IC with primary pulmonary 2.6

disease
Sing et al. 2001 [38] 95 Sputum Nested PCR Cystic fibrosis 7.4
Helweg-Larsen et al. 2002 [32] 367 BAL, IS, Nested PCR Bacterial pneumonia 4.4

tracheal aspirate
Matos et al. 2003 [39] 34 BAL IHC stains, IC with primary pulmonary  35.3
IF stains, disease
nested PCR

Calderon et al. 2004 [40] 37 Sputum Nested PCR Chronic bronchitis 40.5
Morris et al. 2004 [41] 68 Lung resection Nested PCR COPD and other lung 19.1 (COPD)

diseases
de la Horra et al. 2004 [42] 20 Autopsy lung Touchdown PCR Death from lung cancer 100.0 (SCLC),

20.0 (non-SCLC)

Respaldiza et al. 2005 [43] 88 Sputum, OW Nested PCR Cystic fibrosis 21.6
Nevez et al. 2006 [24] 50 Sputum Nested PCR COPD 16.0
Vidal et al. 2006 [44] 80 BAL Nested PCR Interstitial lung disease 33.8
Calderon et al. 2007 [45] 51 Sputum Nested PCR COPD 54.9

NOTE. BAL, bronchoalveolar lavage; CLD, chronic lung disease; COPD, chronic obstructive pulmonary disease; IC, immunocompetent; IF, immunofluores-
cence; IHC, immunohistochemical; IS, induced sputum; OW, oropharyngeal wash; PCR, polymerase chain reaction; SCLC, small-cell lung cancer.

colonized with Prneumocystis. When cellular
immunity was evaluated, ~30% were
found to be colonized with Pneumocystis
when either the CD4 cell count was <400
cells/uL or the CD4*:CD8* T cell ratio was
<1 [26]. Iatrogenically induced immuno-
suppression by corticosteroids has also been
linked to a higher risk of Preumocystis colo-
nization. In a study of 93 subjects undergo-
ing diagnostic bronchoscopy with BAL,
Maskell et al. detected Pneumocystis DNA in
8 (44%) of the 18 who were being treated
with prednisolone dosages of >20 mg/day,
compared with 9 (12%) of the 75 who were
not being treated with glucocorticoids (OR,
5.9; P = .004) [31]. This linkage also was
noted by Helweg-Larsen et al. in their
evaluation of 80 patients with bacterial
pneumonia: 75% of Pneumocystis-positive
subjects had received corticosteroids,
compared with 13% of the noncarriers
(P =.001) [32]. The altered immunity
associated with pregnancy also may in-
crease the risk of Pneumocystis coloniza-
tion. In a prospective study of 33 asymp-

tomatic women during their third
trimester of pregnancy, 15% had detect-
able Pneumocystis DNA in their nares,
compared with none of 28 nonpregnant
women (P = .04) [22].

Adults with primary lung disease.
Pneumocystis colonization has also been
detected in subjects with various lung dis-
eases (table 5). Probst et al. investigated
141 patients with respiratory disorders,
such as COPD, cystic fibrosis, and lung
cancer [36], and found that >21% were
colonized with Pneumocystis. Other stud-
ies that have examined patients with acute
and chronic pulmonary disorders have
found Pneumocystis-colonization preva-
lences that varied from 2.6% to 35% [34,
37, 39]. More recently, researchers in
Spain evaluated patients with suspected
interstitial lung diseases and found that
34% were colonized with Pneumocystis
[44]. In that study, cigarette smokers had
a higher risk of Pneumocystis colonization
than did nonsmokers (OR, 3.2; P = .02).
Published studies differ on whether sub-

jects with cystic fibrosis (CF) are colo-
nized with Pneumocystis. One study re-
ported that no patients with CF were
colonized with Pneumocystis, but it used
staining methods rather than PCR [35].
Other reports have demonstrated that the
prevalence of Pneumocystis colonization
in patients with CF ranges from 7.4% to
229% [38, 43].

A potentially important association be-
tween Pneumocystis colonization and ei-
ther chronic bronchitis or COPD has
been found. Calderon et al. reported that
10% of patients with chronic bronchial
disease were colonized with Prneumocystis
by staining [33]. They later studied 37 pa-
tients with chronic bronchitis and found
that 41% of them were colonized with
Pneumocystis using nested PCR [40]. This
prevalence of Pneumocystis colonization
has also been reported in patients with
COPD. In a study of patients with various
respiratory disorders, the highest preva-
lence of Pneumocystis colonization, 41%,
was seen in subjects with COPD [36].
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Among smokers with COPD, 37% of
those with severe COPD (Global Health
Initiative on Obstructive Lung Disease stage
IV) were colonized with Pneumocystis,
compared with 5.3% of those with less-
severe COPD (stages 0-III) (P = .004)
[41]; this percentage was much higher
than the 9.1% in subjects with other end-
stage lung diseases (i.e., those not due to
COPD) (P = .007). Interestingly, the as-
sociation between Preumocystis coloniza-
tion and the severity of COPD was inde-
pendent of smoking history, suggesting
that Pneumocystis colonization might re-
sult in progression of COPD. Another re-
cent study found that 55% of subjects
with COPD had Pneumocystis coloniza-
tion as determined by nested PCR analy-
sis of sputum samples [45]. One study did
not report an association between Pneu-
mocystis colonization and COPD; how-
ever, that study included only subjects
with very mild disease [31].

Another interesting association with
Pneumocystis colonization has been de-
tected in lung cancer. de la Horra et al.
found that all of 10 patients with small-
cell lung cancer had Pneumocystis DNA in
their lung tissue, compared with only 2 of
10 patients who had non-small cell lung
cancer and no patients without underly-
ing pulmonary pathology (P < .0001)
[42]. Larger studies are necessary to verify
this association and to determine its clin-
ical relevance.

CLINICAL CONSEQUENCES OF
PNEUMOCYSTIS
COLONIZATION

Pneumocystis colonization likely repre-
sents more than an interesting epiphe-
nomenon and likely has several poten-
tially important clinical effects. First,
Pneumocystis colonization might lead to
acute PCP in susceptible hosts and/or re-
sult in transmission of the organism to
others. Pneumocystis colonization might
stimulate pulmonary inflammation and
lead to lung damage. As suggested by the
associations between Pneumocystis colo-
nization and SIDS, COPD, and lung can-

cer, Pneumocystis colonization might be
an important cofactor involved in the
progression of certain lung diseases.

Acute PCP and transmission of
PCP. 1t is unknown whether Preumo-
cystis colonization leads to development
of PCP. There have been few long-term
studies that have followed individuals col-
onized with Pneumocystis in order to de-
termine the magnitude of the risk, if any,
for development of PCP. If individuals
colonized with Pneumocystis are at risk for
development of PCP, they should likely
be offered Pneumocystis prophylaxis to
prevent disease; however, current data are
insufficient to justify such a recommen-
dation.

Even if individuals colonized with
Pneumocystis do not themselves develop
PCP, they might transmit the organism to
others. Exposure to animals colonized
with Preumocystisleads to colonization of
healthy animals and to the development
of clinical disease in immunosuppressed
animals. Several studies have demon-
strated that immunocompetent mice can
develop Pneumocystis colonization after
being housed with mice with severe com-
bined immunodeficiency (SCID) that have
PCP [46]. If the immunocompetent mice
that are colonized with Pneumocystis are
then housed with SCID mice, the latter
mice will develop PCP [47]. Also, healthy,
immunocompetent mice colonized with
Pneumocystis can transmit the organism
to other immunocompetent mice that
can subsequently transmit the organism
to SCID mice.

There is some evidence that exposure
to humans with PCP can result in Pneu-
mocystis colonization, but whether these
colonized hosts can transmit disease is
unknown. Studies of health-care workers
(HCWs) have demonstrated that expo-
sure to patients infected with PCP might
result in Pneumocystis colonization. In a
prospective study examining Preurmocys-
tis colonization in immunocompetent
HCWs, Miller et al. detected Pneumocystis
DNA in 24% (4/17) of HCWs who were in
contact with HIV-infected patients with
PCP, compared with 11% (1/9) of those

who were not in contact with such pa-
tients [48]. No HCWs had symptoms of
respiratory infection, and none developed
PCP. However, contact with patients with
PCP might not have been responsible for
the HCWSs’ Pneumocystis colonization,
because genotype analysis demonstrated
that 5 of 8 Pneumocystis strains identified
in the HCWs were not observed in sam-
ples from the patients. Another study, by
Vargas et al., found that deep-nasal swab
samples from 3 hospital contacts of a pa-
tient with PCP had Prneumocystis but that
those from 30 hospital workers without
contact with the patient did not [49].
These results suggest that close occupa-
tional contact with patients with PCP can
result in Pneumocystis colonization and
might represent a potential source of dis-
ease transmission.

Inflammatory response to Pneumo-
Acute PCP elicits a
pronounced pulmonary inflammatory

cystis colonization.

response characterized by increases in
pulmonary neutrophils and lymphocytes,
primarily CD8* T cells. There is an en-
hanced production of proinflammatory
cytokines such as interferon (INF)—vy,
tumor-necrosis factor (TNF)—«, and in-
terleukin (IL)-8. The immune response
in humans colonized with Pneumocystis
has not been studied, but, in animals col-
onized with Pneumocystis, a cascade of
cellular infiltration and mediator release
that is similar to that seen in acute PCP
occurs. Board et al. examined the im-
mune response to Prneumocystis coloniza-
tion in a simian model of AIDS in which
SIV-infected monkeys were inoculated
with macaque-derived Pneumocystis [7].
Some of the monkeys developed PCP,
whereas others remained in a protracted
state of asymptomatic Pneumocystis colo-
nization. The early period after inocula-
tion was marked by an influx of pulmo-
nary CD8" T cells and neutrophils,
regardless of whether fulminant PCP or
asymptomatic Prneumocystis colonization
resulted. Interestingly, CD8* T-cell and
neutrophil infiltration persisted through-
out the course of infection, even in those
monkeys that did not develop acute PCP.
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INF-v, TNF-a, and IL-8 in BAL samples
also increased during Pneumocystis colo-
nization [50]. The intensity and persis-
tence of the inflammatory response seen
in this model raises the possibility that
lung damage results from Pneumocystis
colonization. Such inflammation may
play either a causative or an adjunctive
role in the evolution of lung diseases in
which Pneumocystis colonization is com-
mon.

In humans, the systemic inflammatory
response to Pneumocystis colonization has
been examined. A study of nonimmuno-
suppressed individuals with chronic bron-
chial disease found that those patients colo-
nized with Prneumocystis had a significantly
higher peripheral-lymphocyte count than
did those not colonized with the organism
[51]. In addition, the mean CD4* lympho-
cyte count also appeared to be higher in the
individuals colonized with Preumocystis.
Although the exact clinical significance of
this finding is unclear, it was postulated that
the increase in the CD4" T-cell and overall
lymphocyte counts that was seen in individ-
uals colonized with Pneumocystis might be
related to an exacerbation of the underlying
chronic bronchitis. A recent study found
that subjects colonized with Pneurmocystis
who had COPD had higher circulating lev-
els of TNF-q, IL-6, and IL-8 than did sub-
jects with COPD who were not colonized
with this organism [45].

CONCLUSION

There is growing evidence that Pneuro-
cystis colonization is an important part of
the organism’s life cycle and has signifi-
cant clinical consequences. Many host
populations, including children, HIV-
infected and non-HIV-infected immu-
nosuppressed adults, individuals with
chronic lung diseases, and HCWs, may be
susceptible to Prneumocystis colonization.
Certain risk factors, such as low CD4 cell
count, smoking, and geographic location,
appear to influence the risk of Pneumocys-
tis colonization. Certain diseases, such as
SIDS and COPD, are associated with a
high prevalence of Pneumocystis coloniza-

tion, but the association between Pneu-
mocystis colonization and development of
these diseases is unclear. There appears to
be potential for individuals colonized
with Preumocystis to serve as a reservoir
for maintenance and transmission of the
organism in the host population. Pneu-
mocystis colonization elicits a proinflam-
matory response in the host, similar to
that which is seen in active PCP, and
Pneumocystis might potentiate ongoing
lung injury. However, the true clinical sig-
nificance of Pneumocystis colonization is
unknown. Future studies are necessary to
define the epidemiology of Pneumocystis
colonization, to determine its role in de-
velopment and transmission of PCP, to
detail the nature of the inflammatory re-
sponse to Prneumocystis colonization, and
to confirm the organism’s role in the de-
velopment of lung disease.

References

1. Morgan DJ, Vargas SL, Reyes-Mugica M,
Walterspiel JN, Carver W, Gigliotti F. Identi-
fication of Pneumocystis carinii in the lungs of
infants dying of sudden infant death syn-
drome. Pediatr Infect Dis J 2001; 20:306 9.

2. Wakefield AE, Pixley FJ, Banerji S, et al. De-
tection of Pneumocystis carinii with DNA am-
plification. Lancet 1990; 336:451-3.

3. Icenhour CR, Rebholz SL, Collins MS, Cush-
ion MT. Early acquisition of Pneumocystis ca-
rinii in neonatal rats using targeted PCR and
oral swabs. ] Eukaryot Microbiol 2001; Sup-
pl:1355-6S.

4. Icenhour CR, Rebholz SL, Collins MS, Cush-
ion MT. Widespread occurrence of Pneurmo-
cystis carinii in commercial rat colonies de-
tected using targeted PCR and oral swabs.
] Clin Microbiol 2001; 39:3437—-41.

5. Demanche C, Wanert F, Herrenschmidt N, et
al. Influence of climatic factors on Pneumo-
cystis carriage within a socially organized
group of immunocompetent macaques (Ma-
caca fascicularis). ] Eukaryot Microbiol 2003;
50 Suppl:611-3.

6. Croix DA, Board K, Capuano S IIJ, et al. Al-
terations in T lymphocyte profiles of bron-
choalveolar lavage fluid from SIV- and Preu-
mocystis carinii-coinfected rhesus macaques.
AIDS Res Hum Retroviruses 2002; 18:391—
401.

7. Board KF, Patil S, Lebedeva I, et al. Experi-
mental Pneumocystis carinii pneumonia in
simian immunodeficiency virus-infected
rhesus macaques. J Infect Dis 2003; 187:576—
88.

8. Wakefield AE, Stewart TJ, Moxon ER, Marsh
K, Hopkin JM. Infection with Pneumocystis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

carinii is prevalent in healthy Gambian chil-
dren. Trans R Soc Trop Med Hyg 1990; 84:
800-2.

. Vargas SL, Hughes WT, Santolaya ME, et al.

Search for primary infection by Preumocystis
carinii in a cohort of normal, healthy infants.
Clin Infect Dis 2001; 32:855—-61.

Respaldiza N, Medrano FJ, Medrano AC, et
al. High seroprevalence of Pneumocystis in-
fection in Spanish children. Clin Microbiol
Infect 2004; 10:1029-31.

Vargas SL, Ponce CA, Hughes WT, et al. As-
sociation of primary Pneumocystis carinii in-
fection and sudden infant death syndrome.
Clin Infect Dis 1999; 29:1489-93.

Nevez G, Totet A, Pautard JC, Raccurt C.
Pneumocystis carinii detection using nested-
PCR in nasopharyngeal aspirates of immu-
nocompetent infants with bronchiolitis. ] Eu-
karyot Microbiol 2001; Suppl:122S-3S.
Kasolo F, Lishimpi K, Chintu C, et al. Identi-
fication of Pneumocystis carinii DNA by poly-
merase chain reaction in necropsy lung sam-
ples from children dying of respiratory tract
illnesses. ] Pediatr 2002; 140:367-9.

Totet A, Latouche S, Duwat H, et al. Multilo-
cus genotyping of Pneumocystis jirovecii in
patients developing diverse forms of parasit-
ism: implication for a wide human reservoir
for the fungus. ] Eukaryot Microbiol 2003; 50
Suppl:670-1.

Beard CB, Fox MR, Lawrence GG, et al. Ge-
netic differences in Pneumocystis isolates re-
covered from immunocompetent infants
and from adults with AIDS: epidemiological
implications. J Infect Dis 2005; 192:1815-38.
Vargas SL, Ponce CA, Luchsinger V, et al. De-
tection of Prneumocystis carinii f. sp. hominis
and viruses in presumably immunocompe-
tent infants who died in the hospital or in the
community. J Infect Dis 2005; 191:122—6.
Vargas SL, Ponce CA, Galvez P, et al. Pneu-
mocystis is not a direct cause of sudden infant
death syndrome. Pediatr Infect Dis ] 2007;
26:81-3.

Larsen HH, von Linstow ML, Lundgren B,
Hogh B, Westh H, Lundgren JD. Primary
Pneumocystis infection in infants hospitalized
with acute respiratory tract infection. Emerg
Infect Dis 2007; 13:66-72.

Peters SE, Wakefield AE, Sinclair K, Millard
PR, Hopkin JM. A search for Pneumocystis
carinii in post-mortem lungs by DNA ampli-
fication. ] Pathol 1992; 166:195-8.

Leigh TR, Kangro HO, Gazzard BG, Jeffries
DJ, Collins JV. DNA amplification by the
polymerase chain reaction to detect sub-
clinical Pneumocystis carinii colonization in
HIV-positive and HIV-negative male homo-
sexuals with and without respiratory symp-
toms. Respir Med 1993; 87:525-9.

Nevez G, Jounieaux V, Linas MD, et al. High
frequency of Pneumocystis carinii sp.f. homi-
nis colonization in HIV-negative patients. J
Eukaryot Microbiol 1997; 44:36S.

Vargas SL, Ponce CA, Sanchez CA, Ulloa AV,
Bustamante R, Juarez G. Pregnancy and

16 « JID 2008:197 (1 January) « PERSPECTIVE

2202 4800100 62 U0 1s8nb Aq Z|L¥G6.2/01/1/L6L/2191e/pll/wod dno-olwepede//:sdiy wolj papeojumoq



23.

24.

25.

26.

27.

28.

29.

30.

31.

asymptomatic carriage of Pneumocystis ji-
roveci. Emerg Infect Dis 2003; 9:605-6.
Medrano FJ, Montes-Cano M, Conde M, et
al. Pneumocystis jirovecii in general popula-
tion. Emerg Infect Dis 2005; 11:245-50.
Nevez G, Magois E, Duwat H, Gouilleux V,
Jounieaux V, Totet A. Apparent absence of
Pneumocystis jirovecii in healthy subjects.
Clin Infect Dis 2006; 42:¢99-101.
Rabodonirina M, Raffenot D, Cotte L, et al.
Rapid detection of Pneumocystis carinii in
bronchoalveolar lavage specimens from hu-
man immunodeficiency virus-infected pa-
tients: use of a simple DNA extraction proce-
dure and nested PCR. J Clin Microbiol 1997;
35:2748-51.

Nevez G, Raccurt C, Vincent P, Jounieaux V,
Dei-Cas E. Pulmonary colonization with
Pneumocystis carinii in human immunodefi-
ciency virus—negative patients: assessing risk
with blood CD4" T cell counts. Clin Infect
Dis 1999; 29:1331-2.

Matos O, Costa MC, Lundgren B, Caldeira L,
Aguiar P, Antunes F. Effect of oral washes
on the diagnosis of Pneumocytis carinii
pneumonia with a low parasite burden and
on detection of organisms in subclinical in-
fections. Eur J Clin Microbiol Infect Dis
2001; 20:573-5.

Huang L, Crothers K, Morris A, et al. Pneu-
mocystis colonization in HIV-infected pa-
tients. ] Eukaryot Microbiol 2003; 50 Suppl:
616-7.

Wakefield AE, Lindley AR, Ambrose HE, De-
nis CM, Miller RF. Limited asymptomatic
carriage of Pneumocystis jiroveci in human
immunodeficiency virus—infected patients.
] Infect Dis 2003; 187:901—8.

Morris A, Kingsley LA, Groner G, Lebedeva
IP, Beard CB, Norris KA. Prevalence and
clinical predictors of Pneumocystis coloniza-
tion among HIV-infected men. AIDS 2004;
18:793-8.

Maskell NA, Waine DJ, Lindley A, et al.
Asymptomatic carriage of Pneumocystis ji-
roveci in subjects undergoing bronchoscopy:
a prospective study. Thorax 2003; 58:594 7.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Helweg-Larsen J, Jensen JS, Dohn B, Benfield
TL, Lundgren B. Detection of Pneumocystis
DNA in samples from patients suspected of
bacterial pneumonia—a case-control study.
BMC Infect Dis 2002; 2:28.

Calderon EJ, Regordan C, Medrano FJ, Ol-
lero M, Varela JM. Pneumocystis carinii infec-
tion in patients with chronic bronchial dis-
ease. Lancet 1996; 347:977.

Sing A, Roggenkamp A, Autenrieth IB,
Heesemann J. Pneumocystis carinii carriage in
immunocompetent patients with primary
pulmonary disorders as detected by single or
nested PCR. J Clin Microbiol 1999; 37:3409—
10.

Varela JM, Dapena J, Regordan C, Blanco M,
Gonzalez de la Puente MA, Calderon EJ. Ab-
sence of Pneumocystis carinii carriers among
patients with cystic fibrosis. Eur J Clin Micro-
biol Infect Dis 1998; 17:741-2.

Probst M, Ries H, Schmidt-Wieland T, Serr
A. Detection of Pneumocystis carinii DNA in
patients with chronic lung diseases. Eur ] Clin
Microbiol Infect Dis 2000; 19:644 5.
Visconti E, Marinaci S, Zolfo M, et al. Very
low frequence of Pneumocystis carinii DNA
detection by PCR in specimens from patients
with lung damage. J Clin Microbiol 2000; 38:
1307-8.

Sing A, Geiger AM, Hogardt M, Heesemann
J. Pneumocystis carinii carriage among cystic
fibrosis patients, as detected by nested PCR.
] Clin Microbiol 2001; 39:2717-8.

Matos O, Lee CH, Jin S, et al. Pneumocystis
jiroveci in Portuguese immunocompro-
mised patients: association of specific ITS
genotypes with treatment failure, bad clin-
ical outcome and childhood. Infect Genet
Evol 2003; 3:281-5.

Calderon E, de la Horra C, Medrano FJ, et al.
Pneumocystis jiroveci isolates with dihydrop-
teroate synthase mutations in patients with
chronic bronchitis. Eur J Clin Microbiol In-
fect Dis 2004; 23:545-9.

Morris A, Sciurba FC, Lebedeva IP, et al. As-
sociation of chronic obstructive pulmonary
disease severity and Pneumocystis coloniza-

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

tion. Am J Respir Crit Care Med 2004; 170:
408-13.

de la Horra C, Varela JM, Fernandez-Alonso J,
et al. Association between human-Preumocystis
infection and small-cell lung carcinoma. Eur
] Clin Invest 2004; 34:229-35.

Respaldiza N, Montes-Cano MA, Dapena FJ,
et al. Prevalence of colonisation and geno-
typic characterisation of Pneumocystis jirove-
cii among cystic fibrosis patients in Spain.
Clin Microbiol Infect 2005; 11:1012-5.
Vidal S, de la Horra C, Martin J, et al. Pneu-
mocystis jirovecii colonisation in patients with
interstitial lung disease. Clin Microbiol Infect
2006; 12:231-5.

Calderon EJ, Rivero L, Respaldiza N, et al.
Systemic inflammation in patients with
chronic obstructive pulmonary disease who
are colonized with Pneumocystis jiroveci. Clin
Infect Dis 2007; 45:¢17-9.

An CL, Gigliotti F, Harmsen AG. Exposure of
immunocompetent adult mice to Pneumo-
cystis carinii f. sp. muris by cohousing: growth
of P. carinii f. sp. muris and host immune re-
sponse. Infect Immun 2003; 71:2065-70.
Gigliotti F, Harmsen AG, Wright TW. Charac-
terization of transmission of Pneumocystis cari-
nii f. sp. muris through immunocompetent
BALB/c mice. Infect Immun 2003; 71:3852—6.
Miller RF, Ambrose HE, Wakefield AE. Pneu-
mocystis carinii f. sp. hominis DNA in immu-
nocompetent health care workers in contact
with patients with P. carinii pneumonia.
] Clin Microbiol 2001; 39:3877—82.

Vargas SL, Ponce CA, Gigliotti F, et al. Trans-
mission of Pneumocystis carinii DNA from a
patient with P. carinii pneumonia to immu-
nocompetent contact health care workers.
] Clin Microbiol 2000; 38:1536—8.

Patil SP, Board KF, Lebedeva IP, Norris KA.
Immune responses to Pneumocystis coloniza-
tion and infection in a simian model of AIDS.
J Eukaryot Microbiol 2003; 50 Suppl:661-2.
Varela JM, Respaldiza N, Sanchez B, et al.
Lymphocyte response in subjects with
chronic pulmonary disease colonized by
Pneumocystis jirovecii. ] Eukaryot Microbiol
2003; 50 Suppl:672-3.

PERSPECTIVE « JID 2008:197 (1 January) 17

2202 4800100 62 U0 1s8nb Aq Z|L¥G6.2/01/1/L6L/2191e/pll/wod dno-olwepede//:sdiy wolj papeojumoq



