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We developed a technique to estimate the amount of Prneumocystis carinii found in bronchoalveolar lavage
fluid. P. carinii associated with 500 nucleated cells in the bronchoalveolar lavage fluid had little between-
observer and within-observer variation. Varying the technique of the lavage did not change the amount of P.
carinii recovered. This technique was used in patients treated for P. carinii pneumonia. Those patients who did
not respond to treatment had more P. carinii in their bronchoalveolar lavage fluid than those who responded.

Although the diagnosis of Pneumocystis carinii pneumo-
nia may be readily made with bronchoscopy and bronchoal-
veolar lavage (BAL) (7, 17), treatment is associated with a
significant failure rate (9, 12, 13, 15). In patients with
suboptimal response, establishing efficacy of treatment for
P. carinii pneumonia is difficult because P. carinii is present
in follow-up BAL specimens in over half of the patients who
have been successfully treated (1, 16).

We established a method for comparing numbers of P.
carinii with those of inflammatory cells. We then checked
whether the lavage procedure would affect the determination
of P. carinii concentration. Finally, the quantitation tech-
nique was used to compare the numbers of P. carinii found
in the BAL before and after therapy in two groups of patients
with P. carinii pneumonia: those who did well and those who
did not.

Patients were recruited from those with human immuno-
deficiency virus infection with pulmonary symptoms and in
whom a diagnosis of P. carinii pneumonia was established
by BAL. Sixteen patients underwent repeat bronchoscopy.
In some cases, patients were bronchoscoped after 3 weeks of
treatment because they were thought to be failing to respond
to therapy, while other patients were asked to undergo
repeat bronchoscopy 21 to 42 days after completion of
therapy for P. carinii pneumonia. These patients gave writ-
ten consent to a protocol approved by our institutional
review board. Bronchoscopy and lavage were performed in
a standard fashion, and the lavage specimen was handled as
described previously (18).

The initial and follow-up BAL specimens were handled
similarly. Specimens, 200 to 400 ul, were spun onto glass
slides, using a cytocentrifuge (Cytospin II; Shandon,
Sewickley, Pa.). The slides were air dried and then stained
with a modified Wright-Giemsa stain (Diff-Quik; American
Scientific Products, McGaw Park, Ill.). The slides were
studied and differential cell counts were performed on 200
nucleated cells per slide, using standard criteria (3). The
number of clusters of P. carinii (4, 19) in relation to the
nucleated cells was also noted for each slide.

To determine how many nucleated cells needed to be
counted to provide a reproducible estimate of the percentage
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of P. carinii found on the slide, we chose 20 slides from
patients with a variable amount of P. carinii present. An
observer read the 20 slides (identified only by number) three
separate times, noting the number of P. carinii clusters seen
after counting 200, 500, and 1,000 nucleated cells. Two other
observers counted the number of P. carinii associated with
500 nucleated cells on all 20 slides.

Other methods to estimate P. carinii burden were also
studied in BAL specimens of 24 patients who were lavaged
with 120 ml of saline, and a standard aliquot (200 pl) of
unspun BAL fluid was cytocentrifuged onto the slide. After
the slide was stained with modified Wright-Giemsa, a diag-
onal of the cytospin dot was examined at X45. The number
of P. carinii clusters encountered was noted (Pcpyag). The
total volume of retrieved fluid was also noted, and an
estimate of the total amount of P. carinii recovered (Pcror)
was derived by multiplying Pcp.g by the total volume
retrieved.

To determine the effect of lavage volume on P. carinii
recovery, patients were studied by using a previously de-
scribed protocol (6). Four 60-ml boluses of normal saline
were introduced and immediately aspirated with a hand-held
syringe. Specimens from all four aliquots were used to
prepare modified Wright-Giemsa-stained cytocentrifuge
slides, which were randomly read.

In 16 patients, BAL was performed before and 21 to 42
days after therapy for P. carinii pneumonia. Patients were
considered responders when they had significant improve-
ment in their chest roentgenogram and arterial oxygen.
Patients were considered to have failed therapy when they
were clinically worse despite 21 days of therapy (nonre-
sponders). The slides from all 32 lavages were counted
randomly.

Cytocentrifuge slides from 20 patients undergoing lavage
and subsequently found to have P. carinii infection were
studied. P. carinii clusters ranging from zero to 18 clusters
per 500 nucleated cells were seen. Intersubject variation was
significantly different for all three counts (F ratio, 9.0, 13.3,
and 16.8; P < 0.001 for 200, 500, and 1,000 cells, respective-
ly). There was lower intrasubject variation when 500 cells
were counted rather than 200 cells (F ratio, 1.03 and 0.29,
respectively). The correlation coefficient among the three
readers reading 500 nucleated cells on all 20 slides varied
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TABLE 1. Cell differential and P. carinii cluster counts per bolus

% (mean +* SEM) P. carinii
Bolus P per 500
Macro- Lympho- Neutro- Epithelial  cells (mean
phages cytes phils cells + SEM)
1 62+23 24+20° 6x25 8x19 8+ 2.6
2 59+28 3430 521 2=+x0.6 7x27
3 59 £33 3430 307 1x04 8 *+25
4 58+30 35%+28 307 1+03 622

“ Significantly differs from other boluses, P < 0.05 (analysis of variance).
b Significantly differs from other boluses, P < 0.01 (analysis of variance).

between 0.70 and 0.84 (P < 0.01 for all). The average time it
took to count 500 nucleated cells for any observer was <5
min.

For the 24 patients studied by using a fixed lavage and
cytocentrifuge volume, there was a significant correlation
between the number of P. carinii clusters associated with
500 cells and the total counted on one diagonal and the total
number of P. carinii retrieved (Pcpiag, ¥ = 0.60 and P <
0.01; Pcrgr, ¥ = 0.55 and P < 0.01).

The cellular and P. carinii yields for the sequential lavages
performed on 14 patients with 15 episodes of acute P. carinii
pneumonia are summarized in Table 1. There was no differ-
ence between the amount of P. carinii recovered per bolus,
regardless of the lavage volume.

Sixteen patients underwent repeat BAL either because of
failure to respond to therapy (4 patients) or as a follow-up of
successful therapy (12 patients). The number of P. carinii
clusters seen before and after therapy is shown in Table 2.
For the patients who responded to therapy, all had a 75% or
greater reduction in P. carinii clusters in the second BAL (P
< 0.02). Of 12 patients, 8 (67%) still had detectable P. carinii
when the whole specimen was screened. Those patients who
failed to respond to therapy had a 75% or lower reduction in
the numbers of P. carinii associated with 500 cells. Three of
the four died of P. carinii pneumonia within the next 2
weeks. The fourth patient responded to a change in anti-P.
carinii therapy.

Direct examination of lung tissue has been useful in

TABLE 2. Number of P. carinii clusters associated with 500
nucleated cells before and after treatment

No. of clusters

Patient group

Pretreatment Posttreatment
Responders 1 0
10 0°
2 0
12 3
7 0
4 0
12 04
3 0
6 1
1 0
2 0
10 2
Nonresponders 8 5t
3 206
14 13%
30 12

¢ P. carinii seen when entire slide was reviewed.
% Died within 2 weeks of follow-up bronchoscopy.
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assessing the P. carinii burden (10, 14). Previously reported
techniques are tedious and require a rigid, standardized
lavage protocol. Alterations in the lavage procedure will
change the total number of cells and P. carinii recovered.
We found a reasonable correlation between our technique
and that reported by others (Pyor and Py a6 [8, 11]).

Volume of lavage makes a difference in the cellular
content measured in the lavage specimen (5, 6). In the
current study, we found that larger-volume lavages gave a
significantly higher percentage of lymphocytes and lower
percentage of epithelial cells. In contrast, we found that the
proportion of P. carinii was unaffected by the volume of
lavage.

From 20 to 40% of patients with acquired immunodefi-
ciency syndrome treated for P. carinii pneumonia fail to
respond to initial drug therapy for their infection (9, 12, 195).
In many of these patients, persistent symptoms and roent-
genographic abnormalities are seen after 3 weeks of therapy.
In studies to date, over half of patients with acquired
immunodeficiency syndrome successfully treated for P. car-
inii pneumonia will have persistent organisms when studied
at the end of 3 weeks of therapy (1, 16). One study to
determine the value of repeat bronchoscopy in the persis-
tently symptomatic acquired immunodeficiency syndrome
patient reported no criteria for documenting failure of P.
carinii therapy but performed repeat bronchoscopy only to
identify a new pathogen (2). We studied four patients whose
clinical courses suggested failure to respond to therapy;
these four patients had little change in the amount of P.
carinii recovered by lavage.

In conclusion, we established a semiquantitative tech-
nique for counting the clusters of P. carinii in association
with 500 nucleated cells in the BAL fluid. The method was
associated with little variation between or within reader. The
number of clusters seen was not significantly affected by the
volume of lavage fluid instilled. In follow-up BAL studies 21
to 42 days after patients had begun treatment for P. carinii,
responders all had a >75% reduction in P. carinii clusters at
repeat BAL and nonresponders had little reduction in P.
carinii clusters.

We thank Hector Esteve for technical assistance, Robert Loudon
for his review, and Mary Ann Rosensweet for help in preparing the
manuscript.

This work was supported in part by Public Health Service General
Clinical Research grant RR-000068 and AIDS Clinical Study Group
grant AI-25897 from the National Institutes of Health.

LITERATURE CITED

1. Allegra, C. J., B. A. Chabner, C. A. Tuazon, D. Ogata-Arakaki,
B. Baird, J. C. Drake, et al. 1987. Trimetrexate for the treatment
of Pneumocystis carinii pneumonia in patients with the acquired
immunodeficiency syndrome. N. Engl. J. Med. 317:978-985.

2. Barrio, J. L., C. Harcup, H. J. Baier, and A. E. Pitchenik. 1987.
Value of repeat fiberoptic bronchoscopies and significance of
nondiagnostic bronchoscopic results in patients with the ac-
quired immunodeficiency syndrome. Am. Rev. Respir. Dis.
135:422-425.

3. Baughman, R. P., S. Strohofer, and C. K. Kim. 1986. Variation
of differential cell counts of bronchoalveolar lavage fluid. Arch.
Pathol. Lab. Med. 110:341-343.

4. Broaddus, C., M. D. Dake, M. S. Stulbarg, W. Blumenfeld,
W. K. Hadley, J. A. Golden, and P. C. Hopewell. 1985. Bron-
choalveolar lavage and transbronchial biopsy for the diagnosis
of pulmonary infections in the acquired immunodeficiency syn-
drome. Ann. Intern. Med. 102:747-752.

S. Davis, G. S., M. S. Giancola, M. C. Costanza, and R. B. Low.
1982. Analysis of sequential bronchoalveolar lavage samples
from healthy human volunteers. Am. Rev. Respir. Dis. 126:



VoL. 28, 1990

10.

11.

12.

611-616.

. Dohn, M. N., and R. P. Baughman. 1985. Effect of changing

instilled volume for bronchoalveolar lavage in patients with
interstitial lung disease. Am. Rev. Respir. Dis. 132:390-392.

. Golden, J. A., H. Hollander, M. S. Stulbarg, and G. Gamsu.

1986. Bronchoalveolar lavage as the exclusive diagnostic mo-
dality for Preumocystis carinii pneumonia: a prospective study
among patients with acquired immunodeficiency syndrome.
Chest 90:18-22.

. Greco, M. J., A. Heimann, R. T. Steibigel, and G. C. Smaldone.

1989. Severity of Pneumocystis carinii pneumonia (PCP) corre-
lates with number of organisms recovered from lavage. Am.
Rev. Respir. Dis. 139:A149.

. Haverkos, H. 1984. PCP Therapy Project Group. Assessment of

therapy for Pneumocystis carinii pneumonia. Am. J. Med.
76:501-508.

Kim, C. K., J. M. Foy, M. T. Cushion, D. Stanforth, M. J.
Linke, H. L. Hendrix, and P. D. Walzer. 1987. Comparison of
histologic and quantitative techniques in evaluation of therapy
for experimental Pneumocystis carinii pneumonia. Antimicrob.
Agents Chemother. 31:197-201.

Limper, A. H., T. F. Smith, and W. J. Martin. 1988. Pneumo-
cystis carinii pneumonia: quantitative differences in parasite
burden and host inflammatory response in AIDS and non-AIDS
patients. Am. Rev. Respir. Dis. 137:A356.

Murray, J. F., C. P. Felton, S. M. Garay, M. S. Gottlieb, P. C.
Hopewell, D. E. Stover, and A. Teirstein. 1984. Pulmonary
complications of the acquired immuno-deficiency syndrome. N.
Engl. J. Med. 310:1682-1688.

13.

14.

15.

16.

17.

18.

19.

NOTES 1427

Murray, J. F., S. M. Garay, P. C. Hopewell, J. Mills, G. L.
Snider, and D. E. Stover. 1987. Pulmonary complications of the
acquired immunodeficiency syndrome: an update: report of the
second National Heart, Lung and Blood Institute Workshop.
Am. Rev. Respir. Dis. 135:504-509.

Queener, S. F., M. S. Bartlet, J. D. Richardson, M. M. Durkin,
M. A. Jay, and J. W. Smith. 1988. Activity of clindamycin with
primaquine against Pneumocystis carinii in vitro and in vivo.
Antimicrob. Agents Chemother. 32:807-813.

Sattler, F. R., R. Cowan, D. M. Nielson, and J. Ruskin. 1988.
Trimethoprim-sulfamethoxazole compared with pentamidine
for treatment of Pneumocystis carinii pneumonia in the acquired
immunodeficiency syndrome: a prospective, noncrossover
study. Ann. Intern. Med. 109:280-287.

Shelhammer, J. H., F. P. Ognibene, A. M. Macher, C. Tuazon,
R. Steiss, D. Longo, et al. 1984. Persistence of Pneumocystis
carinii in lung tissue of acquired immunodeficiency syndrome
patients treated for Pneumocystis pneumonia. Am. Rev. Respir.
Dis. 130:1161-1165.

Stover, D. E., M. B. Zaman, S. 1. Hajdi, M. Lange, J. Gold, and
D. Armstrong. 1984. Bronchoalveolar lavage in the diagnosis of
diffuse pulmonary infiltrates in the immunosuppressed host.
Ann. Intern. Med. 101:1-7.

Thorpe, J. E., R. P. Baughman, P. T. Frame, T. A. Wesseler,
and J. L. Staneck. 1987. Bronchoalveolar lavage for diagnosing
acute bacterial pneumonia. J. Infect. Dis. 155:855-861.
Tollerud, D. J., C. K. Kim, T. A. Weseler, and R. P. Baughman.
1988. Use of a rapid differential stain for identifying Pneumo-
cystis carinii in bronchoalveolar lavage fluid. Chest 95:493—497.



