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Although PCR detection of Pneumocystis carinii DNA has been described, little is known about the sensitivity
or specificity of the assay in routine laboratory practice. We had the unique opportunity to use a bronchoal-
veolar lavage (BAL) specimen bank with samples for which the direct examination results for P. carinii were
known. DNA purified from 129 selected specimens was amplified by using the primers described previously
(A. E. Wakefield, F. J. Pixley, S. Banerji, K. Sinclair, R. F. Miller, E. R. Moton, and J. M. Hopkin, Mol.
Biochem. Parasitol. 43:69–76, 1990). Of the 129 specimens, 37 were positive for P. carinii by direct examination.
All 37 specimens were positive for P. carinii by PCR, yielding a 100% sensitivity and 100% negative predictive
value for the assay. An additional 23 specimens were repeatedly positive for P. carinii by PCR but were not
positive by direct examination. Review of the patient charts for these specimens with discordant results
demonstrated that five of the patients were actually positive for P. carinii, as determined by either biopsy or
examination of repeat or prior BAL specimens. A response to empiric therapy for P. carinii pneumonia was
seen in an additional two patients. Of the remaining specimens, 8 produced no significant isolates other than
P. carinii, while 12 contained culture-confirmed significant respiratory pathogens in addition to P. carinii (two
fungal, nine bacterial, and one viral pathogen). Cytomegalovirus, which was of unknown significance, was
isolated from 16 additional specimens. Overall, the specificity of the PCR assay was 79.3% compared to the
results of direct examination. We hypothesized that the apparently poor specificity of the PCR assay was due
to the increased sensitivity of the assay compared to that of direct examination. The sensitivity of the PCR
assay was therefore assessed with BAL specimens containing P. carinii cysts. Serial dilutions of this prepara-
tion were evaluated by direct examination and PCR. PCR was found to be 100-fold more sensitive than direct
examination, which detected one to two cysts per amplification. No false-positive results were detected in
controls containing no DNA or by using target DNA from various fungal, viral, or bacterial respiratory
pathogens. We conclude that PCR detection of P. carinii in BAL specimens is very sensitive and should be
considered for patients whose specimens do not yield a diagnosis. The increased sensitivity of the PCR assay
may help to identify those patients with low-titer infections who might benefit from directed antibiotic therapy
for P. carinii and would otherwise be missed by direct examination alone.

Pneumocystis carinii was first identified as a human respira-
tory pathogen in the early 1900s. The patient populations at
risk for developing P. carinii pneumonia (PCP) have evolved
since the organism’s discovery. P. carinii was first recognized as
causing pneumonitis in rats. In the original reports of Chagas
and Carini, P. carinii was initially misidentified as a protozoan
(1). Recent work has documented the fungal nature of P.
carinii (11). Infection with this organism emerged as a signifi-
cant cause of pneumonia in neonates and malnourished and
immunosuppressed individuals in Europe after World War II
(10, 15). Additional groups at risk for PCP were recognized in
the 1960s and 1970s, including individuals with hematologic or
other malignancies receiving cytotoxic drugs, individuals re-
ceiving long-term prednisone therapy, children with primary
immunodeficiencies, and patients receiving immunosuppres-
sive drug therapy for solid-organ transplantation (13, 34, 38,
46). Isolated cases and miniepidemics have been described in
the literature (8, 38, 40). It was not until the advent of human
immunodeficiency virus (HIV) infection and AIDS, however,

that PCP became an illness that was commonly considered in
the differential diagnosis of community-acquired pneumonia.
Approximately 25,000 cases are reported in the United States
each year. Prior to the use of prophylactic therapy for PCP in
HIV-positive patients, PCP was seen in 80% of all patients
with AIDS and represented the AIDS-defining illness for 60%
of people with AIDS (6). Despite the extensive use of prophy-
laxis, approximately 20% of patients with HIV infection still
develop PCP (36).
The diagnosis of PCP has likewise undergone an evolution.

When it was first described, PCP was a diagnosis based on
clinical and histologic criteria. Histologic identification was
made on the basis of a frothy intra-alveolar infiltrate in hema-
toxylin-eosin-stained sections of open lung biopsy specimens or
autopsy tissues. One or more of a variety of stains including
Gomori’s methenamine silver (GMS), Gram-Weigert, Papani-
colaou, Giemsa, and toluidine blue stains were also used to
identify the cysts or trophozoites present in the tissue sections.
More recently, transbronchial biopsy specimens have been re-
placed by examination of induced sputa (30) or bronchoalveo-
lar lavage (BAL) fluid (17). BAL fluid has assumed a major
role in the laboratory diagnosis of P. carinii in patients with and
without AIDS (5, 18). New, more sensitive stains have become
available to detect cysts in lavage fluids and induced sputum
specimens. The nonspecific fluorochrome calcofluor white (3,
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23) and indirect immunofluorescence stains that use antipneu-
mocystis monoclonal antibodies (16, 24) enhanced the sensi-
tivity and specificity of organism detection.
Because of the lack of culture techniques and the reliance on

direct examination, the laboratory diagnosis of PCP lacks sen-
sitivity, especially for patients in whom the organism burden is
low. The widespread use of prophylactic therapies for PCP in
HIV-positive patients has led to difficulties in detecting PCP
due to atypical patterns of clinical presentation of patients with
the disease and the small numbers of organisms detected after
antimicrobial treatment (22). The underlying disease process
may also affect the number of organisms present in a labora-
tory specimen, such that HIV-infected patients have a much
higher organism burden compared to that in patients without
this viral infection (27). Wakefield et al. (43) have recently
described the use of PCR to enhance the detection of P. carinii
in clinical specimens. We describe our experience in using
PCR with these primers to detect P. carinii DNA in 129 BAL
specimens from 122 patients seen at the Mayo Clinic.

MATERIALS AND METHODS

Specimen description. BAL specimens were obtained in sterile saline by stan-
dard techniques (28). Excess specimen remaining after the completion of all
diagnostic testing was saved for experimental examination. Permission for spec-
imen use was obtained as part of the informed consent prior to the lavage
procedure. BAL specimens were collected either prospectively as fresh speci-
mens (stored at 48C) or from the BAL specimen storage bank (stored at2708C).
One hundred twenty-nine specimens obtained over the period from 1989 to 1995
were selected. These represented known P. carinii-positive specimens, direct
examination-negative specimens, and repeat or prior specimens from patients
with a laboratory diagnosis of P. carinii infection at some time in their evaluation
at the Mayo Clinic.
DNA purification. DNA was purified from specimens and controls by the

IsoQuick extraction method (Orca Research, Inc., Bothell, Wash.). One milliliter
of well-mixed BAL fluid was centrifuged at 14,000 3 g in a microcentrifuge for
5 min. The cell pellet was lysed with guanidine thiocyanate, and the nucleic acids
were extracted on the nuclease binding matrix. The DNA was precipitated with
1/10 volume of 6 M sodium acetate, 1 volume of isopropyl alcohol, and 2 ml of
10% glycogen. The pellet was collected after 10 min of centrifugation at 14,000
3 g in the microcentrifuge. After washing in 70% ethanol, the pellet was dried
and then resuspended in 200 ml of RNase-free water for amplification. DNAs for
viral and bacterial controls were extracted by the same techniques from cell
cultures infected with 106 to 108 viral infectious units or from 1 ml of a suspen-
sion of bacteria with a turbidity equivalent to that of a McFarland no. 1 standard
(approximately 3 3 108 CFU/ml).
Amplification primers. PCR primer sequences for the mitochondrial 5S rRNA

gene of P. carinii were previously described by Wakefield et al. (43). Primers for
the beta-globin gene, also described previously (37), served as positive controls
for all patient samples being amplified. Primers were synthesized by the Mayo
Molecular Core Facility. The DNA was purified with NAP-25 columns (Phar-
macia, Piscataway, N.J.) and was concentrated by lyophilization.
Amplification protocol. The standard reaction mixture was described previ-

ously (12). Five microliters of target DNA was added to each 45-ml aliquot of
reaction mixture. Specimens were cycled 60 times for 1 min at 948C, 1 min at
658C, and 1 min at 728C, with a final elongation time of an additional 1 min. All
specimens were irradiated with UV light after completion of cycling to cross-link
the incorporated isopsoralen, reducing the possibility of cross contamination of
amplified products to other samples.
Agarose gel electrophoresis. Three percent agarose gels in Tris-acetate-EDTA

buffer with ethidium bromide were chilled at 48C for at least 1 h prior to
electrophoresis. Ten microliters of specimen or control PCR products was added
to the lanes of the gel. At least one molecular weight standard was included on
each gel to confirm amplicon sizes. Gels were run at 190 V for 30 to 60 min or
until good separation of molecular weight standard bands was observed. The
bands were visualized with UV light and were documented on Polaroid black and
white film.
Southern blot procedure. Sodium hydroxide-denatured DNA was transferred

from the gel to a nylon membrane by capillary action in 103 SSC (13 SSC buffer
is 0.15 M NaCl plus 0.015 M sodium citrate buffer. After overnight transfer, the
DNA was cross-linked to the nylon membrane by exposure to UV irradiation.
Probe synthesis. The nucleotide sequences of the 346-bp amplicon specific for

P. carinii was published previously (43). Nucleotide sequences internal to the
original amplicon were selected for primers to produce a nearly full-length probe
(sense primer, TAT TTA TTG TAA GAA ATA GTT; antisense primer, CTG
GTT TTC TGC GAA AAT TGT). All primer sets were synthesized by the Mayo
Molecular Core Facility. The P. carinii genomic DNA target was amplified

without isopsoralen to generate a PCR product. A chemiluminescent label was
attached to the probe with the ECL direct nucleic acid labeling kit and detection
system (Amersham, Arlington Heights, Ill.). The labeled probes were added and
were allowed to hybridize to the membrane overnight. The membranes were
washed twice with 50 ml of wash buffer (6 mM urea, 0.4% sodium dodecyl sulfate,
and 0.53 SSC) at 408C for 20 min and twice with 50 ml of 23 SSC at room
temperature for 5 min. The membranes were then placed in 30 ml of detection
reagent provided in the ECL kit for 1 min at room temperature and were
exposed to X-ray film for 1 min and 60 min.
Analysis of PCR data. All patient specimens were analyzed independently to

obtain knowledge of direct examination and culture results. Samples with dis-
crepant gel, blotting, or direct test results were amplified two additional times
(two separate amplification runs). A positive result was accepted as agreement of
two of three or three of three of the test determinations.
Direct examination of BAL specimens for P. carinii detection. BAL specimens

were diluted to produce a single monolayer of cells after cytocentrifugation.
Patient specimens were analyzed in duplicate, with positive and negative controls
stained concurrently to ensure adequate staining characteristics. The slides were
fixed for 2 min in high-pressure liquid chromatography-grade methanol and air
dried. The slides were then stained with either GMS or calcofluor white (Fun-
gifluor Solution A; Polysciences, Warrington, Pa.). The slides were examined
directly (with GMS staining) or were examined with a Zeiss fluorescence micro-
scope by using a BP400-440 nm excitation filter and an LT470 nm barrier filter
for excitation at 400 to 440 nm and emission at a light frequency of .470 nm.
Slides were identified as positive for P. carinii only if characteristic cyst walls with
comma-shaped intracystic bodies were seen. Results for all patients were con-
firmed by a second observer.
Retrospective chart review. All patient charts were reviewed if a laboratory

diagnosis of P. carinii was made by direct examination or PCR. The following
data were collected: primary clinical diagnosis, HIV status, results of prior or
subsequent BAL examinations, prior or subsequent diagnosis of PCP, history of
prophylaxis for P. carinii, response to empiric treatment for PCP, clinical im-
pression at the time of BAL examination, culture results for the BAL specimen,
and the results of any other significant laboratory diagnostic testing performed.
Statistical analysis. The direct examination for P. carinii by using either GMS

or calcofluor white stain was the “gold standard” for the diagnosis of P. carinii
infection.

RESULTS

Specimens containing P. carinii-specific DNA produced a
well-defined band that migrated at the anticipated size of 338
bp (Fig. 1). These bands were probe positive by subsequent
Southern blotting. For some amplification events, negative
specimens also produced a band that migrated at a slightly
higher molecular size. This band could be differentiated by size
and did not bind the P. carinii-specific probe.

FIG. 1. Three percent agarose gel electrophoresis (A) and corresponding
Southern blot (B) demonstrating typical PCR amplification findings. Following
PCR amplification, 5 ml of amplicon from control and BAL specimens was
applied to a 3% agarose gel for electrophoretic separation. The 338-bp band
produced when the P. carinii template was present was readily observed in both
the positive control specimens and BAL specimens containing P. carinii. Neither
the no-DNA blank nor the BAL specimen negative for P. carinii contained bands
migrating at 338 bp. Although a band often migrated at a slightly higher molec-
ular mass than the anticipated 338-bp P. carinii band, with a 40-min electro-
phoretic separation, these bands were clearly differentiated on the gel and did
not contain the P. carinii sequence, as determined by blot analysis.
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A total of 129 specimens from 122 patients were amplified,
and the investigators were blinded to the direct examination
results. Of the 129 specimens from 122 patients, 37 were pos-
itive by direct examination. All 37 specimens were positive for
P. carinii by PCR gel and Southern blot analyses, yielding a
100% sensitivity and 100% negative predictive value for the
PCR assay. Twenty-three of the remaining specimens (nega-
tive for P. carinii by direct examination) were positive by PCR
after gel electrophoresis (n 5 18) or Southern blot (n 5 23)
analysis (specificity, 75%; positive predictive value, 62%).
To address this apparently low specificity and low positive

predictive value for the PCR assay, we conducted a retrospec-
tive chart review to identify indicators that might have contrib-
uted to the discrepant results. Data collected from chart re-
views consisted of HIV status, other underlying disease
processes, subsequent or prior diagnoses of P. carinii, prophy-
laxis for P. carinii, culture results for the BAL specimen tested,
and the clinical diagnosis and response to treatment. The pa-
tients with positive results for P. carinii were predominantly
negative for HIV infection (n 5 29) or were untested for HIV
infection (n 5 23) (Table 1). Eight of the patients who tested
positive for P. carinii by all methods were HIV positive. Seven
of the eight specimens from this group were detected by direct

examination. In contrast, of the 52 positive specimens in the
HIV-negative or HIV-untested groups, 30 were found to be
positive by direct examination, while 22 yielded positive results
by PCR alone. Ninety-six percent of the discrepant results (22
of 23 specimens) were for samples from patients who were
HIV negative or whose HIV status was unknown. The popu-
lation untested for HIV represented patients with other un-
derlying illnesses that explained their immunosuppression.
They were largely without significant risk factors to warrant
testing for HIV, and no evidence of infection with this virus
was detected in their subsequent clinical course (Table 2).
Seventeen specimens contained other respiratory pathogens,

in addition to P. carinii (Table 3). All 17 specimens contained
cytomegalovirus (CMV); one BAL specimen was obtained
from a patient with clinical features consistent with CMV
pneumonitis. Seven of the specimens also contained bacterial
pathogens, and two additional specimens contained significant
fungal isolates. Therefore, 28.3% of all P. carinii-positive spec-
imens in this series contained additional isolates.
The specificity of the PCR amplification for P. carinii was

experimentally determined by testing DNAs from several other
respiratory tract pathogens with primers to generate the
338-bp amplicon. No cross-reactive amplification products
were detected by gel or blot analysis when DNA from Esche-
richia coli, Streptococcus pneumoniae, viridans group strepto-
cocci, Klebsiella pneumoniae, Haemophilus influenzae, CMV,
herpes simplex virus, Epstein-Barr virus, varicella-zoster virus,
Aspergillus fumigatus, Candida albicans, Cryptococcus neofor-
mans, Coccidioides immitis, Mycobacterium tuberculosis, Myco-
bacterium avium-M. intracellulare, or Histoplasma capsulatum
was used.

TABLE 1. Correlation of patient HIV status with PCR and
direct examination results for patients with one or more

P. carinii positive test results

HIV infection

No. of patients with the following test resulta:

Direct
examination 1,
PCR gel 1,
PCR probe 1
(n 5 37)

Direct
examination 2,
PCR gel 1,
PCR probe 1
(n 5 18)

Direct
examination 2,
PCR gel 2,
PCR probe 1
(n 5 5)

Yes 7 1 0
No 21 5 3
Unknown 9 12 2

a 1, positive test result; 2, negative test result.

TABLE 2. Analysis of underlying illness associated with all
P. carinii-PCR positive samples

Associated disease
process

No. of patients with the following test resulta:

Direct
examination 1,
PCR gel 1,
PCR probe 1
(n 5 37)

Direct
examination 2,
PCR gel 1,
PCR probe 1
(n 5 18)

Direct
examination 2,
PCR gel 2,
PCR probe 1
(n 5 5)

HIV infection or
AIDS 7 1 0

Transplantation 8 4 0

Malignancy
Hematologic 5 5 3
Other 9 0 1

Autoimmune 2 4 0

Asthma or respiratory 3 3 1

Chronic liver disease 1 0 0

Unknown 2 1 0

a 1, positive test result; 2, negative test result.

TABLE 3. Analysis of patient and specimen characteristics with
discrepancies in diagnostic tests for P. carinii

Clinical diagnosis for
respiratory symptoms

No. of patients with the following
test resulta:

Direct
examination 2,
PCR gel
and blot 1
(n 5 18)

Direct
examination 2,
PCR blot 1
(n 5 5)

PCP diagnosis confirmed
Biopsy specimen positive for
P. carinii

1 0

Prior or subsequent BAL
specimen positive for P. carinii

3 1

PCP diagnosis suggested, response
to empiric therapy

2 0

No definitive diagnosis made 7 1

Other potential pathogens identified
in BAL specimen

Viral pathogensb 13 4
Bacterial pathogensc 6 1
Fungal pathogensd 1 1

a 1, positive test result; 2, negative test result.
b All viral isolates were CMV. Only one of the gel-positive specimens was

treated as CMV pneumonitis. All other isolates were considered clinically insig-
nificant.
c Bacterial isolations included one patient each infected with Legionella pneu-

mophila, Proteus mirabilis, Pseudomonas maltophilia, Haemophilus parainfluen-
zae, S. aureus, Branhamella catarrhalis, and M. avium-M. intracellulare, and two
patients infected with H. influenzae.
d Fungal isolations consisted of one patient each infected with C. immitis and

A. fumigatus.
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Chart review for the specimen characteristics and further
diagnostic testing indicated that for one patient, the direct
examination of the BAL specimen was negative for P. carinii
but that the PCR assay was positive. The corresponding trans-
bronchial biopsy specimen was found to contain P. carinii or-
ganisms, however. BAL specimens from four additional pa-
tients were positive by direct examination for P. carinii with
other samples prior or subsequent to the positive PCR result.
These five patients were therefore considered true positives for
P. carinii infection. Recalculation of the specificity of the assay
indicates that the PCR assay was at least 79.3% specific and
80% efficient. Two additional patients probably had PCP, as
judged by their responses to empiric therapy. Fourteen of the
23 patients with a positive P. carinii PCR test result had re-
cently taken or were currently receiving steroid therapy. Five
of the patients not receiving therapy for P. carinii died during
the hospitalization. Four of these patients did not respond to
treatment for other organisms cultured from the BAL speci-
men (one each C. immitis, M. avium-M. intracellulare, H. influ-
enzae, and Staphylococcus aureus). The fifth patient died be-
cause of respiratory failure of unknown etiology.
The sensitivity of detection by PCR was compared to that by

direct examination by using serial dilutions of a P. carinii-
containing BAL specimen; three samples were tested in par-
allel by direct examination and amplification. A lower limit of
1,000 cysts per ml of original BAL specimen could be detected
by direct examination. The amplification method demon-
strated a 100-fold increase in sensitivity, detecting approxi-
mately 10 cysts per ml (or 1 to 2 cysts in each amplification
reaction mixture) (Fig. 2).

DISCUSSION

Detection of P. carinii in lung tissue, BAL specimens, or
sputum specimens has classically required direct visualization
of cysts or trophozoites in tissue or cytologic specimens by
special staining methods. The efficiency of these techniques is
limited by sampling error, the inability to concentrate the BAL

or sputum specimen beyond the level at which good organism
morphology can be obtained for microscopic preparations, the
inability of most stains to be used effectively for both cysts and
trophozoites, and observer skill for detecting these morpho-
logic forms of the organism. PCR detection of P. carinii from
BAL specimens addresses all of these issues. Sampling is im-
proved by increasing the volume of BAL specimen examined.
The DNA extraction and purification process essentially con-
centrates the specimen, allowing for a 100-fold increase in the
volume of specimen assayed compared to that used for direct
examination. This concentration step allows for the detection
of one to two cysts per amplification reaction, and the results
are in good agreement with those in previous reports (31).
Furthermore, DNA from both the cyst and trophozoite forms
is detected by PCR, whereas the fluorescent stains for P. carinii
can reliably detect only the cyst form in these specimens. Fi-
nally, PCR detection of P. carinii provides a definitive labora-
tory diagnosis with either the presence or the absence of the
338-bp amplicon band. Direct examination, in contrast to PCR,
is a much more subjective diagnosis with the GMS stain; P.
carinii is approximately the same size as the yeast forms of C.
albicans. To the unskilled observer, these two organisms might
be mistaken. Moreover, even the more sensitive fluorescent
stains require a skilled observer for accurate interpretation of
the results. Calcofluor white does not stain trophozoites
present in a specimen (23), while the monoclonal antibody
(fluorescent) stains trophozoites in a way that does not allow
for a definitive identification (16).
How sensitive is too sensitive for P. carinii detection? This

question assumes that small numbers of P. carinii organisms
may be insignificant in causing disease, representing either
normal flora or an asymptomatic carrier state. The results of
studies addressing this issue are conflicting. Autopsy studies
demonstrated a lack of carrier state (33), and case reports have
demonstrated rare cases of asymptomatic carriage (9, 39, 41).
In contrast, a high rate of seropositivity for P. carinii autoan-
tibodies is seen in both the adult and pediatric populations
(32). This generally reflects seroconversion secondary to an
asymptomatic infection. The occurrence of P. carinii in small
epidemics suggests that infectious spread does occur in hu-
mans, probably by the same respiratory route seen in rats (20,
21). We also know from studies with rat models that an asymp-
tomatic carrier state can eventually evolve into PCP in patients
with prolonged immunosuppression with corticosteroids (14,
19). In patients without AIDS, corticosteroid therapy is an
extremely common factor predisposing patients to PCP (47).
In our current study, 60.9% of the patients who had any dis-
crepant test results for P. carinii were receiving corticosteroid
therapy. In the case of steroid-induced immunosuppression,
even a carrier state for P. carinii might precede clinical PCP
and therefore prove to be significant.
The experience with the laboratory diagnosis of PCP by PCR

has been limited to several studies providing conflicting results.
Several studies found patients with false-positive results by
PCR; these patients were followed for several months, but
their conditions did not progress to PCP (25, 29, 42). Others
found progression to PCP or diagnosis of PCP by alternative
methods in their group with false-positive PCR results (25, 26,
35, 42, 44, 45). The increased sensitivity of the PCR assay
compared to that of direct examination has therefore become
a double-edged sword. In our current study, the increased
sensitivity of PCR produced an apparently poor specificity for
the assay (68.2%), if we use direct examination as the gold
standard. Analysis of the patient population, however, suggests
that the diagnosis of PCP may have been missed by direct
examination in at least five of our patients. These five patients

FIG. 2. Three percent agarose gel electrophoresis demonstrating PCR am-
plification of the P. carinii sequence in serially diluted P. carinii-containing BAL
fluid. P. carinii organisms were expressed from an infected autopsy lung speci-
men. The suspension was concentrated by centrifugation and was then serially
diluted in a BAL specimen that was negative for P. carinii. A portion of the
specimen was used for detection of P. carinii cysts by direct examination, while
the second aliquot was extracted and amplified as described in the text. The
amplicon is detected to a dilution of 1:2 3 104 on both the gel (shown) and the
corresponding blot (data not shown). Calculations from the corresponding direct
examinations demonstrated a sensitivity of 1,000 cysts/ml of BAL fluid for the
direct examination compared to about 10 cysts/ml for the PCR assay (approxi-
mately 1 to 2 cysts per amplification reaction).
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were confirmed to have PCP by prior or subsequent diagnostic
testing. This suggests that direct examination was actually
88.1% sensitive, whereas PCR was 100% sensitive. The spec-
ificity of the direct examination remained 100%, whereas that
of PCR was 78.3%. If we considered the two patients who
responded to empiric therapy for PCP as true positives, then
the direct examination would be only 84.1% sensitive, while
the PCR assay’s apparent specificity would have increased to
81.2%. Eleven additional patients had culture-negative pneu-
monitis or were infected with microbial isolates that were in-
terpreted as clinically insignificant. The increased sensitivity of
the PCR assay would have provided a potential diagnosis, and
therefore therapy, for a total of 18 of the 23 patients with
discrepant results for P. carinii infection (78.3% of the false-
positive group). Overall, 17 of the 23 patients originally iden-
tified as having false-positive results (56.5%) were found to
have identifiable possible pathogens in their lavage fluid spec-
imens. CMV was detected in cultures of specimens from all 17
of these patients. All but one of these cultures were thought to
be clinically insignificant. Nine of these same specimens also
contained bacterial or fungal isolates considered to be signif-
icant. Prior studies have demonstrated that PCP is frequently
associated with another infection. Baughman (4) isolated an
additional pathogen in cultures of specimens from more than
15% of the patients studied, while Limper et al. (27) isolated
CMV in cultures of BAL specimens from 47.4% of their HIV-
positive and 26.8% of their HIV-negative patients. Coexisting
aerobic bacteria were cultured from 11 of 75 (14.7%) of the
patients examined.
Other applications of PCR in diagnosing PCP include its use

in the detection of P. carinii from blood (2) or induced sputum
(7). While detection of P. carinii with either of these specimens
represents a significantly less invasive procedure for the pa-
tient, the diagnostic yield compared to that of direct examina-
tion of BAL specimens is quite poor. Detection of P. carinii
from blood was limited to those patients with extrapulmonary
involvement in two separate studies (29, 35), while Atzori et al.
(2) found 90% agreement between the results of PCR and
direct detection when they used a more complicated nested
PCR protocol to test their series of HIV-positive patients.
Detection of P. carinii in induced sputum by PCR is best seen
in those patients with a very large organism burden, such as
those patients who are HIV positive and who have not received
prophylaxis. Chouaid et al. (7) demonstrated only a 46.5%
sensitivity for their HIV-positive patients and concluded that
PCR with induced sputa is not cost-effective, with all patients
with negative results still requiring a BAL procedure in addi-
tion to the PCR assay (7). Wakefield et al. (44) reported 90%
sensitivity of PCR detection of P. carinii in induced sputa using
silver staining as the reference method. The discrepancy be-
tween these two reports may reflect the use of different stain-
ing methods as the gold standard or may reflect a lack of
consistency in specimen quality for induced sputa which tend
to be very much dependent on patient coaching. The use of
PCR of sputum has not been adequately evaluated with HIV-
negative patients, a population of individuals who generally do
not have tremendous organism burdens.
We conclude that PCR detection of P. carinii is a very sen-

sitive test, identifying five more positive patients than direct
examination in our current series. The apparent low specificity
of the assay reflects the 100-fold increase in sensitivity of PCR
compared to that of direct examination. This increased sensi-
tivity will make us address the issue of the significance of a
positive PCR result with a negative direct examination result.
A positive PCR result would provide an earlier diagnosis by
PCR rather than by staining, a possible diagnosis, or a con-

comitant diagnosis for patients who might benefit from di-
rected therapy for PCP.
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