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Ninety-five bronchoalveolar lavage specimens from 63 immunocompetent adult patients with primary pul-
monary disease were analyzed for Pneumocystis carinii colonization by primary and nested PCR. Twelve of 63
patients (19%) were PCR positive. None of them developed P. carinii pneumonia. These results suggest that P.
carinii carriage may exist in immunocompetent patients with underlying pulmonary disease.

Pneumocystis carinii is an opportunistic pathogen causing
serious and even life-threatening pneumonia (P. carinii pneu-
monia [PCP]) in immunosuppressed patients. PCP is specu-
lated to result either from a de novo infection or from reacti-
vation of a latent childhood infection. Seroconversion usually
happens during early childhood, leading to high rates of sero-
prevalence (9). Autopsy studies using microscopy or immuno-
fluorescence, however, revealed no evidence or only a very low
rate of prevalence of P. carinii (less than 1%) in adults without
predisposing diseases (6, 7, 10). More-sensitive methods like
PCR may be able to detect even low numbers of P. carinii
organisms in clinically silent, but colonized, persons. It is con-
ceivable that lung tissue already damaged by different condi-
tions such as bacterial pneumonia, fibrosis, and chronic ob-
structive pulmonary disease is at increased risk for P. carinii
colonization. In an autopsy study using PCR, however, no P.
carinii DNA could be isolated (8).

To evaluate the prevalence of P. carinii colonization in im-
munocompetent patients with primary pulmonary diseases, 95
bronchoalveolar lavage (BAL) specimens of 63 immunocom-
petent patients (21 females, 42 males; median age, 53 years
[Table 1]) suffering from primary acute (37 patients) or chronic
(26 patients) lung disease were examined microscopically and
by primary and nested PCRs. Inclusion criteria were the ab-
sence of underlying malignant disease (except bronchial carci-
noma), systemic disease, and human immunodeficiency virus
(HIV) infection; no use of immunosuppressive or cytotoxic
medication; and normal immunological function. None of the
patients had received antipneumocystic chemoprophylaxis.

Clinical specimens were centrifuged at 4,000 rpm for 10 min
in an Omnifuge (2.0 RS; Heraeus, Munich, Germany). Por-
tions of the pellets were smeared on slides and Giemsa and
Grocott stained for microscopy. The other parts of the pellets
were stored at 220°C until PCR analysis. Following proteinase
K digestion, DNA was extracted with a Qiagen (Hilden, Ger-
many) tissue kit. A two-step protocol with the external primers
pAZ 102E and pAZ 102H (11) and the nested primers pLE1
and pLE2 (12) was applied as described elsewhere (12). Prod-
ucts of both primary and nested PCRs were investigated by
agarose gel electrophoresis, stained with ethidium bromide,
and analyzed under UV light. Precautions against contamina-
tion included the use of aerosol barrier pipette tips and the
performance of the steps of the procedure (master mix prep-

aration, DNA extraction, PCR, and specimen detection) in
separate rooms. Several positive (from BAL specimens of PCP
patients) and negative (autoclaved water and the PCR mixture
minus the DNA template) controls were tested simultaneously.
All experiments were performed at least twice. Nested-PCR-
positive samples were identified as P. carinii specific following
DNA sequencing of the amplicons and sequence comparison
with the BLAST program (1). To further assess the specificities
of the PCR primers, the nested PCR was performed on human
and Candida albicans DNAs, yielding negative results.

With the BAL specimens of 3 of the 63 patients, both pri-
mary and nested PCR yielded a positive result, while with the
specimens of 9 patients, only the more sensitive nested PCR
could detect P. carinii-specific DNA. In none of the 12 PCR-
positive specimens could P. carinii organisms be visualized
microscopically. The characteristics of the 12 PCR-positive
patients are summarized in Table 2. None of them presented
with PCP according to criteria of the Centers for Disease
Control and Prevention (4) or received antipneumocystic che-
moprophylaxis and/or therapy. They either improved with ad-
equate treatment aimed at the underlying pulmonary disease
or were not curable. In the latter cases, pulmonary material
obtained intra vitam or at autopsy did not justify assignment of
the cause of death to PCP. Improved patients did not develop
PCP within the follow-up period indicated in Table 2. Of the 12
patients with PCR-positive BAL specimens, 6 suffered from
chronic pulmonary disease, with preexisting long-term lung
tissue damage, and 6 were afflicted with more acute respiratory
diseases of both infectious and noninfectious natures.
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TABLE 1. Characteristics of 63 immunocompetent patients with
primary pulmonary disease

Primary pulmonary diseasea No. of
patients

Bacterial pneumonia ......................................................................... 18
Chronic lung diseaseb ....................................................................... 9
COPD ................................................................................................. 8
ARDS ................................................................................................. 5
Tuberculosis ....................................................................................... 4
Bronchial carcinoma ......................................................................... 3
Aspergillosis ....................................................................................... 2
Otherc ................................................................................................. 14

a ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pul-
monary disease.

b Including sarcoidosis, chronic lung fibrosis, and chronic alveolitis.
c Including pulmonary edema, viral pneumonia, lung embolism, and postsur-

gical respiratory failure.
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The percentage of PCR-positive patients among the 63 im-
munocompetent patients without clinical PCP, 19%, is rela-
tively high. In a study of 50 patients with chronic bronchial
disease, 10% were found to be P. carinii positive by sputum
sampling (3). However, it was not stated whether P. carinii
contributed to or even was responsible for pulmonary disease
in these patients. Moreover, P. carinii carriage in these patients
was defined by the simultaneous determination of positivity by
four techniques less sensitive than PCR with sputum samples,
which usually yield fewer positive results than more invasively
obtained material. These results might suggest at least some
pathological role for P. carinii in these patients. Furthermore,
three of the five P. carinii patients had received inhalative
corticoid therapy, which may have led to some degree of local
immunosuppression among elderly patients. Therefore, a
higher rate of prevalence might have been found in this study
by a more sensitive PCR on material from deeper airways.

An even lower rate of prevalence of P. carinii carriage was
found by Armbruster et al. (2). In 5 of 77 (6.5%) HIV-negative
immunocompetent patients with acute respiratory illness P.
carinii colonization was detected by immunofluorescence and
PCR of microscopically negative BAL specimens. However,
underlying pulmonary disease in four of these five patients was
a rather short-term condition. In contrast, the P. carinii DNA-
positive patients described here were more equally distributed
among those with acute and those with chronic underlying
pulmonary diseases, possibly explaining the higher level of
prevalence of P. carinii carriage in our study population.

A level of prevalence of P. carinii colonization similar to that
found in our study was found among immunocompetent HIV-
negative children with chronic respiratory disorders (5). Seven
of 28 (25%) patients had PCR-positive nasopharyngeal aspi-
rates. In at least five of them, P. carinii may have contributed
to pulmonary disease since antipneumocystic therapy led to
clinical and microbiological improvement. Those authors con-
cluded that the pathologic changes in chronic lung diseases
might permit colonization of P. carinii and that the pathogenic
role of P. carinii in exacerbations of chronic lung diseases
needs further clarification.

In contrast, our study suggests a less severe pathogenic effect
of P. carinii in immunocompetent patients with underlying
pulmonary diseases, as the 12 P. carinii-colonized patients ei-
ther recovered without antipneumocystic therapy or died from
non-PCP-related diseases. None of the seven P. carinii-colo-

nized patients not lost to follow-up developed PCP in a mean
period of 5 months.

In conclusion, we found a relatively high percentage of P.
carinii DNA-positive BAL specimens among immunocompe-
tent patients with primary respiratory diseases, suggesting that
lung tissue damage may favor P. carinii colonization. The
pathogenic impact of colonization on immunocompetent pa-
tients, however, may not be significant as long as the immu-
nostatus of the patient has not deteriorated dramatically. In
this scenario, reactivation might occur. In addition, it can be
speculated that patients with underlying pulmonary disease
might serve as carrier reservoirs for P. carinii.

We thank Karin Tybus and Friederike Pfaff for expert technical
assistance.

REFERENCES

1. Altschul, S. F., T. L. Madden, A. A. Schaffer, J. Zhang, Z. Zhang, W. Miller,
and D. J. Lipman. 1997. Gapped BLAST and PSI-BLAST: a new generation
of protein database search programs. Nucleic Acids Res. 25:3389–3402.

2. Armbruster, C., A. Hassl, and S. Kriwanek. 1997. Pneumocystis carinii col-
onization in the absence of immunosuppression. Scand. J. Infect. Dis. 29:
591–593.

3. Calderon, E. J., C. Regordan, F. J. Medrano, M. Ollero, and J. M. Varela.
1996. Pneumocystis carinii infection in patients with chronic bronchial dis-
ease. Lancet 347:977.

4. Centers for Disease Control and Prevention. 1992. Revised classification system
for HIV infection and expanded surveillance case definition for AIDS among
adolescents and adults. Morbid. Mortal. Weekly Rep. 41(RR-17):1–19.

5. Contini, C., M. P. Villa, R. Romani, R. Merolla, S. Delia, and R. Ronchetti.
1998. Detection of Pneumocystis carinii among children with chronic respi-
ratory disorders in the absence of HIV infection and immunodeficiency.
J. Med. Microbiol. 47:329–333.

6. Esterly, J. A. 1968. Pneumocystis carinii in lungs of adults at autopsy. Am.
Rev. Respir. Dis. 97:935–937.

7. Millard, P. R., and A. R. Heryet. 1988. Observations favouring Pneumocystis
carinii pneumonia as a primary infection: a monoclonal antibody study on
paraffin sections. J. Pathol. 154:365–370.

8. Peters, S. E., A. E. Wakefield, K. Sinclair, P. R. Millard, and J. M. Hopkin.
1992. A search for Pneumocystis carinii in post-mortem lungs by DNA am-
plification. J. Pathol. 166:195–198.

9. Pifer, L. L., W. T. Hughes, S. Stagno, and D. Woods. 1978. Pneumocystis
carinii infection: evidence for high prevalence in normal and immunosup-
pressed children. Pediatrics 61:35–41.

10. Vogel, C. L., M. H. Cohen, R. D. Powell, Jr., and V. T. DeVita. 1968.
Pneumocystis carinii pneumonia. Ann. Intern. Med. 68:97–108.

11. Wakefield, A. E., F. J. Pixley, S. Banerji, K. Sinclair, R. F. Miller, E. R.
Moxon, and J. M. Hopkin. 1990. Detection of Pneumocystis carinii with DNA
amplification. Lancet 336:451–453.

12. Weig, M., H. Klinker, M. Wilhelm, K. Lemmer, and U. Gross. 1996. Corre-
lation of Pneumocystis carinii PCR with clinical diagnosis in immunocom-
promised patients. Lancet 347:1266.

TABLE 2. Characteristics of 12 immunocompetent patients with primary pulmonary disease and P. carinii colonization as detected by single
and nested PCRs

Patient Age
(yr) Sexa Primary pulmonary disease(s)b Length of

intubation (days)
Length of follow-up
time without PCP

Single
PCR result

Nested
PCR result

1 47 M Chronic lung fibrosis 2 19 mo Positive Positive
2 71 M Carnified bacterial pneumonia 8 LFd Negative Positive
3 76 F Bacterial pneumonia 8 1 mo Negative Positive
4 25 F ARDS, lung embolism NIc LF Negative Positive
5 21 F Bacterial pneumonia 4 LF Negative Positive
6 37 M Bacterial pneumonia 7 1 mo Negative Positive
7 32 M Chronic lung fibrosis, COPD 12 3 mo (died) Negative Positive
8 64 F Lung edema, postsurgical pneumonia 10 LF Negative Positive
9 73 M ARDS, COPD 12 NFe Positive Positive
10 45 M SIRS, COPD 7 LF Negative Positive
11 77 M Hamman-Rich syndrome NI 14 days (died) Negative Positive
12 26 M Lung fibrosis, pleuraempyem NI 5 mo Positive Positive

a M, male; F, female.
b ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; SIRS, systemic inflammatory response syndrome.
c NI, no intubation.
d LF, lost to follow-up.
e NF, no follow-up due to death of patient.
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