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A collaborative study was undertaken at two institutions to assess the performance of a direct fluorescent-
antibody stain for the detection of Pneumocystis carinii in respiratory specimens from patients with known or
suspected human immunodeficiency virus type 1 infections. A total of 163 specimens (125 induced sputa, 37
bronchoalveolar lavage fluids, and 1 tracheal aspirate) from 124 patients were examined by using modified
Giemsa (Diff-Quik; Baxter American Scientific Products, Chicago, Ill.) and direct fluorescent-antibody stains.
A total of 73 specimens contained P. carinii, which was detected in 66 (92%) of the specimens by using the
modified Giemsa and in 71 (97%) of the specimens by using the fluorescent-antibody stain. One bronchoalve-
olar lavage fluid specimen in which P. carinii was detected only with the fluorescent-antibody stain was
determined to be a false-positive based on subsequent clinical evaluation of the patient. Although the overall
time for processing and examining specimens stained with either stain was not significantly different for those
specimens containing P. carinii, considerably less time was required for microscopic examination of those
fluorescent-antibody-stained specimens lacking P. carinii.

Although Pneumocystis carinii pneumonia is the most
common lung disease that occurs in patients with acquired
immune deficiency syndrome, a broad array of both infec-
tious and noninfectious disorders is included in the differen-
tial diagnosis (4, 15, 16, 20). For this reason and because of
the large and increasing numbers of patients with human
immunodeficiency virus type 1-associated lung diseases,
rapid and accurate diagnostic tests for the identification ofP.
carinii and other pathogens are essential. Specimens in
which P. carinii can potentially be found include (i) lung
tissue obtained by transbronchial or open lung biopsy, (ii)
bronchoalveolar lavage fluid, and (iii) sputum induced by
inhalation of hypertonic saline (1, 3-5, 10, 14, 16, 18-20). Of
these specimens, induced sputum has the advantage of being
obtained quickly by noninvasive and less expensive means.
However, the ability to detect P. carinii in induced sputum
varies widely, depending at least in part on the experience
and skill of the individuals who obtain, process, and examine
the specimens. From 1985 to the present at San Francisco
General Hospital (SFGH), we have consistently demon-
strated a sensitivity of P. carinii detection of 74 to 78% for
induced sputum specimens obtained from individuals who
were ultimately diagnosed with P. carinii pneumonia,
regardless of whether or not prophylactic aerosolized pent-
amidine was administered (16, 17; V. L. Ng, E. McGinty, S.
Geaghan, J. Fahey, L. Schnapp, D. M. Yajko, G. Leoung,
P. C. Hopewell, and W. K. Hadley. Abstr. Annu. Meet. Am.
Soc. Microbiol. 1990, C-374, p. 406).

In previous studies, the use of an indirect immunofluores-
cent-antibody stain, when compared with Gomori methe-
namine silver, modified toluidine blue O, or modified Giemsa
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stains, demonstrated an increased sensitivity for detecting P.
carinii in induced sputum specimens (2, 7, 9, 11, 13, 14).
Subsequent experience with a commercially available indi-
rect fluorescent-antibody stain has suggested that it has
increased sensitivity compared with those of conventional
stains, but apparent false-positive results were observed
(17).

Recently, a direct fluorescent-antibody (DFA) stain for P.
carinii has been developed (Genetic Systems, Inc., Seattle,
Wash.). The DFA stain has the advantage of requiring less
time and fewer reagents than the indirect fluorescent-anti-
body, Gomori methenamine silver, and modified toluidine
blue O stains. In order to determine the usefulness of the
DFA stain, we undertook a collaborative study in which the
DFA stain was compared with a modified Giemsa stain (Diff
Quik; DQ; Baxter American Scientific Products, Chicago,
Ill.) for detecting P. carinii in respiratory specimens ob-
tained from patients with or suspected of having the acquired
immune deficiency syndrome.

MATERIALS AND METHODS
Patient selection and diagnostic evaluation. Patients with

known or presumed human immunodeficiency virus type 1
infection, respiratory symptoms, and objective evidence of
lung disease (abnormal chest radiograph, reduced diffusing
capacity for carbon monoxide, or increased lung uptake of
gallium-67 citrate) were selected for sputum induction ac-
cording to a standard diagnostic algorithm (1, 16). Induced
sputum slides stained with DQ were examined immediately
for purposes of clinical management. Patients who did not
have P. carinii found on the DQ stain of induced sputum
underwent bronchoalveolar lavage if they consented to the
procedure and if no other etiology for their lung disease was
found. For five patients at The Johns Hopkins University
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(JHU), a second induced sputum specimen instead of a
bronchoalveolar lavage specimen was obtained after a non-
diagnostic induced sputum specimen was obtained.

Cytopathology examination. At JHU, respiratory speci-
mens, which were obtained at the same time as the speci-
mens for this study, were submitted to the cytopathology
laboratory for independent evaluation. Direct smears were
made of mucoid or viscous specimens; watery specimens
were first centrifuged and the smears were made from the
sediment. Smears were stained with the Gram-Weigert stain
and examined microscopically.

Histology examination. At JHU, tissue biopsy specimens
were obtained from occasional patients as part of their
evaluation. Specimens were fixed in 10% buffered neutral
Formalin, embedded in paraffin, stained with hematoxylin
and eosin or with the Grocott modification (12) of the
Gomori methenamine silver stain, and examined microscop-
ically.
Specimen acquisition, processing, and staining. Sputum

induction, mucolysis, centrifugation concentration, and
preparation of smears on microscopic slides was performed
as described previously (16). The processing and DQ stain-
ing of bronchoalveolar lavage fluid specimens has also been
described previously (4, 14). The one tracheal aspirate
specimen examined at SFGH was processed by mucolysis
and centrifugation concentration.

All specimens were processed separately. Five smears
were made from each specimen. Three smears were made by
applying 100 utl of the specimen onto glass slides; two of
these were immediately stained with DQ and examined, and
one was stored at -20°C as a backup slide. Two smears were
made by applying 50 ,ul of the specimen onto a single 10- to
14-mm-diameter well of two coated slides (Genetic Sys-
tems). Both slides were air dried, fixed for 10 min in acetone,
and either stained immediately with DFA or stored at
-20°C.
DQ staining was performed as described previously (16,

17). Briefly, after heat fixation, each smear was dipped five
times in each of the three solutions (approximately 1 s per
dip), rinsed in tap water, and air dried. At JHU, the DQ
staining process was modified by first dipping the smears in
0.067 M phosphate buffer (pH 6.8) before staining to allow
the specimen to equilibrate at the appropriate pH to optimize
incorporation of the acidophilic and basophilic stains.
DFA staining was performed according to the instructions

of the manufacturer. Briefly, each slide was incubated for 30
min in a humidified chamber at 37°C in 50 to 100 ,ul of a
buffered protein solution containing Evans blue counter-
stain, sodium azide, and fluorescein isothiocyanate-labeled
murine monoclonal antibodies directed against P. carinii.
Excess reagent was drained; and the slide gently washed by
soaking it in deionized or tap water for 1 min, air dried, and
mounted with a cover slip in mounting medium containing
buffered glycerol, formaldehyde, and antiquencher.
DFA-stained slides were either read immediately or stored

in the dark at s4°C for c24 h. Stored slides were allowed to
reach room temperature before they were read, to enhance
fluorescence and to avoid obscuring of the field by conden-
sation. Each stained well was examined at x250 magnifica-
tion (ocular magnification, x 12.5; objective magnification,
x 20) by using a Zeiss epifluorescence microscope with a
mercury vapor lamp (HBO50) for illumination, and any
apple green fluorescence was reevaluated at x 500 magnifi-
cation (ocular magnification, x 12.5; objective magnification,
x40) for morphology consistent with that of P. carinii cysts
(Fig. 1A and B).

Slides were examined in a coded and blinded fashion; i.e.,
the readers (N.A.V., V.L.N., D.M.Y., W.K.H.) were un-
aware of the patient's clinical status or of the results of the
DQ staining procedure. During the course of this study, the
DFA stain results were not used in patient management.

Interpretation of smears. A DQ-stained smear was inter-
preted as positive if cysts, trophozoites, or both were
present (16, 17). A DFA-stained smear was interpreted as
positive if at least three or more fluorescent cysts per slide
with characteristic morphology (Fig. 1A and B) were ob-
served. Although trophozoites and intracystic bodies were
also observed to fluoresce, only the detection of three or
more round or ovoid characteristic fluorescent cysts defined
a positive specimen. A DFA-stained smear was interpreted
as negative if no apple green fluorescent material was
observed (Fig. 1C) or if no cysts could be detected in the
fluorescent material.

Follow-up of specimens positive by DFA only. The medical
records of patients in whose specimens P. carinii was
detected by DFA only were reviewed. The DFA result was
considered to be a true-positive result if the subsequent
clinical course was consistent with P. carinii pneumonia or a
subsequent bronchoalveolar lavage, performed within 7 days
of the time that the original induced sputum specimen was
obtained, contained P. carinii, which was detected by DQ
staining. The result was considered to be a false-positive
result if (i) a pulmonary disease other than P. carinii pneu-
monia was diagnosed, (ii) the patient improved spontane-
ously, or (iii) the patient responded to therapy which did not
include anti-P. carinii agents. The results were considered
indeterminate if (i) P. carinii could not be eliminated as the
cause of disease or (ii) there was no clinical evaluation within
30 days of specimen acquisition.

Follow-up evaluation of specimens lacking P. carinii (nega-
tive specimens). The medical records of patients who had a
single induced sputum or bronchoalveolar lavage fluid spec-
imen in which P. carinii was not found were reviewed to
determine whether a process consistent with P. carinii
pneumonia occurred in the 30 days after the specimen was
obtained. The test results were considered to be truly
negative if (i) P. carinii was not found by any stain in a
bronchoalveolar lavage fluid specimen obtained within 7
days of the time that the original induced sputum specimen
was obtained, (ii) the respiratory process responded to
treatment that did not include anti-P. carinii therapy, or (iii)
the respiratory process resolved spontaneously and the
patient had no new respiratory symptoms. The test results
were considered to be falsely negative if (i) the patient had a
subsequent bronchoscopy sample which contained P. carinji
or (ii) the patient had a progressive or persistent respiratory
illness which responded to anti-P. carinii treatment. The test
results were considered to be indeterminate if (i) P. carinii
could not be eliminated as the cause of the respiratory
disease or (ii) there was no clinical evaluation within 30 days
of specimen acquisition.

Statistical analysis. For the purpose of this study, the
identification of P. carinii in any specimen stained with DQ
was considered to be a true-positive result. Thus, by defini-
tion, there were no false-positive results with the DQ stain.
In contrast, specimens in which P. carinii was detected only
by DFA were subjected to a more rigorous set of interpretive
criteria, in which results from subsequent bronchoscopic
specimens, review of medical records, or both were also
considered as described above. McNemar test analysis (6)
was done, and sensitivity, specificity, and positive and
negative predictive values were calculated (8).
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RESULTS

Overall results. A total of 163 respiratory specimens (125
induced sputa, 37 bronchoalveolar lavage fluids, and 1
tracheal aspirate) from 124 patients were examined by both
DQ and DFA staining for the presence of P. carinii. A total
of 73 specimens (45%) contained P. carinii, which was
detected in 66 (90%) of the specimens by DQ staining and in
71 (97%) of the specimens by DFA staining. The rate of
detection of P. carinii was similar at both institutions (Table
1). Although a lower sensitivity of detection of P. carinji
with the DQ stain in comparison with that with the DFA
stain was experienced at JHU, this difference was not
statistically significant.
Induced sputa. Of the 125 induced sputum specimens

examined, 60 (48%) were interpreted as positive for P.
carinii (Tables 1 and 2). Of the 60 induced sputum specimens
which contained P. carinii, the organism was identified by
DQ staining in 54 (90%) of the specimens, by DFA staining
in 58 (97%) of the specimens, and by both stains in 52 (88%)
of the specimens.

In six induced sputum specimens, P. carinii was detected
only by the DFA stain. P. carinii was identified in two of
these specimens on subsequent blinded reading of the DQ-
stained backup slides. At JHU, one other specimen was
from a patient in whom P. carinii was detected by Gomori
methenamine silver staining of an induced sputum specimen
submitted to cytopathology, and one specimen was from a
patient in whom P. carinii was detected in a liver biopsy
specimen. Two specimens were from patients who had a
clinical course consistent with P. carinii pneumonia.
There were two induced sputum specimens which con-

tained P. carinii that was detected only by the DQ stain. P.
carinii was detected in one of these specimens on blinded
reading of the backup slide that was stained with DFA. In
the remaining specimen, only one fluorescent cyst was
observed on blinded reading of the backup slide; this was
interpreted as a negative result.
Of the 65 induced sputum specimens in which P. carinji

was not identified by either stain, 42 (65%) of the specimens
were considered to be true-negative results based on the
results for subsequent bronchoalveolar lavage specimens or
evaluation of the patient's clinical course. Of the 65 induced
sputum specimens, 17 (26%) were determined to be false-
negative results: 15 were from patients in whom P. carinii
was detected in subsequent bronchoalveolar lavage fluid
specimens or induced sputum specimens, 1 was from a
patient in whom P. carinii was detected in a Gomori meth-
enamine silver-stained induced sputum examined by cytopa-
thology, and 1 was from a patient who had a clinical course
consistent with that of P. carinii pneumonia. The validity of
the negative results for six (9%) induced sputum specimens
could not be determined because bronchoalveolar lavage
was not done and P. carinii pneumonia could not be ex-
cluded in the subsequent clinical course of the patient.
Thus, P. carinii was detected by the DQ stain, the DFA

stain, or both in the induced sputum specimens of 60 of 77
(78%) patients from whom initial induced sputum specimens
were obtained and who were ultimately diagnosed with P.
carinii pneumonia.

Bronchoalveolar lavage. Of the 38 specimens obtained by
aspiration of the airway (37 bronchoalveolar lavage fluid
fluids, 1 tracheal aspirate), P. carinii was identified in 12
(32%) of them by both stains and 25 (66%) lacked P. carinfi
when they were examined with both stains, for a condor-
dance rate of 98%. One bronchoalveolar lavage fluid speci-

men contained P. carinii that was detected only by the DFA
stain; the clinical course of this patient was not consistent
with that of P. carinii pneumonia.
The results of both stains for all specimens containing P.

carinii are summarized in Table 1, and the overall perfor-
mances of the stains are given in Table 2.
Time for processing and examining specimens. The labora-

tory time that was spent processing and examining speci-
mens by each of the staining procedures is given in Table 3.
The major differences were in the time needed to stain (c2
min for DQ, 15 to 20 min for DFA) and in the time needed for
microscopic examination of the slides (1 to 30 min for DQ, 1
to 5 min for DFA). While the overall turnaround time did not
vary much for those specimens that contained numerous P.
carinii organisms, it was considerably shorter for those
specimens that lacked P. carinii when they were stained and
examined with the DFA stain. This shortened turnaround
time was directly attributable to the ease of evaluating the
DFA-stained smears. The clear distinction between the
bright apple green fluorescence of P. carinii cysts and the
counterstained red background material allowed rapid exam-
ination and interpretation of all specimens stained with the
fluorescent antibody, regardless of whether P. carinii was
present.

DISCUSSION

The results of this comparative study show a high degree
of agreement between the DFA and the reference standard
DQ stains. An important shortcoming of this and other
studies that have examined the performance characteristics
of various tests for P. carinii is that, short of open lung
biopsy, there is no "gold standard" that can be applied to
confirm or exclude the diagnosis of P. carinii pneumonia.
Thus, neither sensitivity nor specificity can be calculated
with certainty. Nevertheless, our experience has been that,
using the clinical course as the "gold standard," DQ staining
of fluid obtained by bronchoalveolar lavage approaches a
sensitivity of 100% (4, 5). Thus, for all practical purposes, a
DQ-stained bronchoalveolar lavage specimen can be used as
a "gold standard" for sensitivity against which other stains
and specimens can be compared. By using this approach, the
results from this study indicate that both the DQ and DFA
stains have overall comparable rates of sensitivity and
specificity for detecting P. carinii in all respiratory speci-
mens.
The performance of the DQ and the DFA stains differed at

the different institutions. While both stains performed com-
parably at SFGH, a higher sensitivity of P. carinii detection,
which was not statistically significant, was observed with the
DFA stain at JHU. Because the system of sputum induction
and analysis for the detection of P. carinii in patients at risk
for or with acquired immune deficiency syndrome was not
implemented at JHU until the initiation of this study (Sep-
tember 1988), this difference in sensitivity might be attribut-
able to the relative inexperience at JHU of interpreting
DQ-stained slides, in comparison with the experience at
SFGH, where sputum induction and analysis of specimens
for the detection of P. carinii stained with DQ have been
established since 1985.
There was one false-positive result obtained with the DFA

stain in this study. Although a characteristic P. carinii clump
with fluorescent cysts was clearly identified by all observers
in a patient's bronchoalveolar lavage specimen stained with
the DFA stain, there was no documented episode of P.
carinii pneumonia for this patient during the subsequent 15

J. CLIN. MICROBIOL.



RAPID DETECTION OF P. CARINII 2231

A B

c

months of clinical evaluation. In a previous study in which
the subsequent clinical course or bronchoalveolar lavage
was used as the criterion for test evaluation ("gold stan-
dard"), false-positive results were also observed by using an
indirect fluorescent-antibody stain for detecting P. carinii
(17). One of these false-positive results occurred when DQ
and indirect fluorescent-antibody stain demonstrated clearly
identifiable clumps of P. carinii cysts and trophozoites, yet

FIG. 1. Appearance of P. carinii cysts stained with DFA at x 625
magnification (A) and x 2,500 magnification (B). Note the bright
specific apple green fluorescence of clumps of cysts on a red
counterstained background of cells in panel A and a similarly stained
single clump of cysts in panel B. (C) Appearance of an induced
sputum specimen lacking P. carinii (magnification, X625); note the
orange-gold or gold appearance of the alveolar macrophages and the
red appearance of the squamous epithelial cells.

this patient did not receive anti-P. carinii treatment at that
time and only developed clinically apparent P. carinii pneu-
monia 15 weeks later. This demonstrates that there may be
dissociation between the presence of correctly identified P.
carinii in respiratory secretions and clinically apparent P.
carinii pneumonia. Nevertheless, we chose to use the clini-
cal outcome as the "gold standard" in a situation in which
the sensitivities of newer methods exceeded those of older
standard methods; the ultimate goal of this study was to
assess the usefulness of this new test for diagnosing clini-
cally significant P. carinii pneumonia.
A distinct advantage of the DFA stain over the DQ stain

was the ease and rapidity with which specimens could be
examined. Microscopic examination of smears stained with
the DFA stain rarely exceeded 2 min, in contrast to the
approximately 20 to 30 min spent examining a DQ-stained
specimen lacking P. carinii. It was the impression of the test
readers that most specimens, regardless of whether or not P.
carinii was present, could be interpreted more quickly with
the DFA stain. The good sensitivity and specificity of the

TABLE 1. Comparison of the DQ and DFA stains for the detection of P. carinii in respiratory specimens at
JHU, SFGH, and both (combined)a

No. (%) of specimens with the indicated results at:

Specimen JHU SFGH Combined

Total DQ+ DFA+ DQ+ and Total DQ+ DFA+ DQ+ and Total DQ+ DFA+ DQ+ and
DFA+ DFA+ DFA±

IS 25 21 24 20 35 33 34 32 60 54 58 52
BAL 6 6 6 6 7 6 7 6 13 12 13 12
Total 31 (100) 27 (87 ) 30 (97 ) 26 (84) 42 (100) 39 (93c) 41 (98C) 38 (90) 73 (100) 66 (90d) 71 (97d) 64 (88)

a Abbreviations: Total, total number of specimens containing P. carinii; DQ+, specimens containing P. carinii detected by modified Giemsa staining (DQ);
DFA+, specimens containing P. carinii detected by fluorescent-antibody staining; DQ+ and DFA+, specimens containing P. carinii detected by both DQ and
DFA staining; IS, induced sputum specimen; BAL, bronchoalveolar lavage fluid specimen. Statistical analysis was performed by using the McNemar test (4).

b 0.05 < P < 0.10.
c 0.10 < P < 0.25.
d 0.o0 < P < 0.05.
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TABLE 2. Overall performance of the DQ and DFA stains for detecting P. carinii in respiratory specimens

No. of specimens

Induced sputum Bronchoalveolar lavage fluid Combinedb
Test

result JHU SFGH JHU SFGH Induced Bronchoalveolar
sputum lavage fluid

DQ DFA DQ DFA DQ DFA DQ DFA DQ DFA DQ DFA

TP 21 24 33 34 6 6 6 6 54 58 12 12
TN 24 24 18 18 6 6 19 18 42 42 25 24
FN 15 12 8 7 0 0 0 0 23 19 0 0
FP 0 0 0 0 0 0 0 1 0 0 0 1
I 0 0 6 6 0 0 0 0 6 6 0 0
Sensitivity (%) 58 67 80 83 100 100 100 100 70 72 100 100
Specificity (%) 100 100 100 100 100 100 100 95 100 100 100 96
PV+ (%) 100 100 100 100 100 100 100 86 100 100 100 92
PV- (%) 62 67 69 72 100 100 100 100 65 69 100 100

a Abbreviations: TP, true positive; TN, true negative; FN, false negative; FP, false positive; t, indeterminate (see text for definition of these terms); PV+,
positive predictive value; PV-, negative predictive value (indeterminate results were not included in the calculations of sensitivity, specificity, or positive or
negative predictive value).

b Combined, Data from both JHU and SFGH.

DFA stain suggests that it would be especially useful in
laboratories with a relatively low volume of specimens and,
thus, with personnel with relatively little experience in
examining smears for P. carinii. Conversely, the greater
rapidity of reading would make the DFA stain useful in
high-volume laboratories. The cost of performing either
staining procedure was roughly comparable; the pennies
spent for DQ staining were offset by the technologist time
and labor involved in examining the smears for 1 to 30 min,
whereas the reduced labor costs involved in examining a
DFA-stained smear (1 to 5 min) were offset by the higher
cost of the stain (typically, $5 to $10 per specimen).
The only advantage of the DFA stain over commercially

available indirect fluorescent stains for detecting P. carinii
was that less time was required for staining. All other
commonly considered laboratory factors, i.e., cost (approx-
imately $5 to $10 per specimen), ease of interpretation, and
ease of staining procedure, were comparable. Although we
did not directly compare the performance of the indirect
stain with the DFA stain in this study, a previous study
demonstrating the higher sensitivity of the indirect fluores-
cent-antibody stain when compared with that of the DQ stain
suggests that the indirect fluorescent-antibody stain would
be more sensitive than the DFA stain (17). However, the
increased sensitivity of the indirect fluorescent-antibody
stain was accompanied by a higher number of false-positive
results, in which the detection of P. carinii did not always
correlate with clinical disease attributable to P. carinii (17).
The presence of alveolar macrophages can be detected by

using either the DQ or the DFA stain; thus, use of either
stain allows for the rapid assessment of specimen adequacy.
However, only the DQ stain allows visualization of other

TABLE 3. Laboratory turnaround time for examining respiratory
specimens for P. carinii with the DQ versus the DFA stain

Time (min) to perform:
Procedure

DQ DFA

Specimen processing s30 <30
Staining <2 15-20
Microscopic examination 1-30 1-5

Total 33-62 46-55

pathogens, i.e., Cryptococcus neoformans, Histoplasma
capsulatum, Toxoplasma gondii, and cytomegalovirus,
which may be present in the specimen. For this reason, use
of the DQ stain might be useful for visualizing other respi-
ratory pathogens in specimens in which P. carinii was not
detected by the DFA stain.
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