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Bronchoalveolar Lavage of Pneumocystis carinii
Pneumonia: Cytological and Ultrastructural Features

Kun Young Kwon, M.D., Cheol Hee Yun, M.D.,, Sang Pyo Kim, M.D,,
Kwan Kyu Park, M.D,, and Eun Sook Chang, M.D.

Department of Pathology, Keimyung University School of Medicine

The cytological and ultrastructural findings of Pneumocystis carinii(PC) obtained from
rats by bronchoalveolar lavage (BAL) are described. All developmental forms of the PC
organisms were obtained in the lavage fluid.

Papanicolaou stain revealed conglomeration of PC as a foamy cast. The cystic walls of
PC were well identified on Gomori's methenamine silver stain. Trophozoites and
intracystic bodies were stained by Giemsa and Diff-Quik techniques. Some PC organisms
were seen within the alveolar macrophages.

Uitrastructurally, the cysts were almost circular in shape, and were nearly devoid of
surface tubular extensions. The wall of the cyst was composed of an unit membrane, an
intermediate electron lucent layer and an external electron dense layer. The cysts
frequently contained intracystic bodies, so called sporozoites. Occasionally empty or
collapsed cysts with no intracystic bodies, and precysts were found. Trophozoites were
variable in size and shape with abundant tubular extensions along the single electron
dense pellicle.
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BAL is a useful method for concentrating the various morphologic forms of PC
organisms, and is a rapid diagnostic method for PC pneumonia.
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Fig. 1. Bronchoalveolar lavage of Pneumocystis
carinii infected lung in rats. PC cysts and trophozoites
appear as amorphous foamy and granular casts
(Papanicolaou, X 400).

Fig. 2. PC cysts with round or crescentic forms and
eccentric capsular dots (arrows) (GMS, X 1000).
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Fig. 3. A PC cyst with eight intracystic bodies{arrow).
The cystic wall appears only as a pale outline
delimiting the intracystic bodies ( Diff-Quik, X 1000).

F RAEL, I Wil AL 22 Sl 2
%Atk (Fig. 1). GMS @464 PC ¢ A2
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Fig. 4. PC infected lung tissue showing interstitial
inflammatory infiltrates as well as foamy reticular
exudate jn alveolar lumina (H-E, X 400),
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Fig. 5. Ultrastructure of PC in the bronchoalveolar
lavage. PC organisms are composed of many tro-
phozoites and some empty cysts. The trophozoites
show variable size and shape, and abundant tubular
extensions (TE). T:trophozoite, EC:empty cyst(uranyl
acetate and lead citrate, Bar = 2 pum).

Fig. 6. A mature cyst of PC with one intracystic body

(sporozoite} (IC), some mitochondria(M) and
surface tubular extensions (TE). The wall is made up
of an inner unit membrane{arrow heads), an

intermediate electron lucent layer and an external

electron dense layer(arrows) (uranyl acetate and
lead citrate, Bar =1 gm),
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Fig. 7. High magnification of trophozoite. The cyto-
plasm contains amorphous granular material and few
organelle. Abundant tubular extensions (TE) appear
along the single electron dense pellicle (arrows).
T :trophozoite, C:cyst(uranyl acetate and lead citrate,
Bar =1 gm).
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Table 1. Staining methodology for the demon-
stration of Pneumocystis carinif

Histochemical stains:
Cyst-wall ( capsular)
GMS
Gram-Weigert
Grocott’s
PAS
Toluidine blue
Intracystic bodies and trophozoites
Cresy! violet
Diff-Quik
Giemsa
MGG
PAS
Wright-Giemsa
. . 32)
Immunochemical stains
33,34
Immunofluorescence
L. 35,36)
Monoclonal antibodies
Molecular biologic stains
e 3
Hybridization probes 7
. . 38)
Polymerase chain reaction

GMS: Gomori’s methenamine silver, PAS: periodic acid-Schiff,
MGG: May Gruonwald Giemsa

—-5-



WA 5 : Pneumocystis carinii 1% 8] 71 @A) | EA A o

£ o843 "9z 5etA HAp AN EE
A 7| S o) & oz H H2 4 /AR A=
A Ao A = PCE 3tobd 4 9lvt.

ZIBAHEAAH YA PCE A= WH2E
< 37l millipore 3 =-& o] 83t g1,
# ol = cytospin A& AX PCE &gol=
Aol & & = WS 2ol AHE 14
cytospin £8l0| ol A= ZE AFTAEY B F
Z1A A E L dEzA e} xR E 5
o] PCA ¢} E3=o] FF=H, 23} cytospin-&
A et &etolsol =i 9ol B} @
< 72 PCE 2& 7+ A& o1del e

H&E %+ Papanicolaon g YA =23 & 2]
PdejelE #AZE o HxA AEEF 7Ho)
o]& &7} 9lct. o] W GMS gy ol GF
€ FAE o] 83 HAxA 35 HALE 2ol
doe2H ¢4 PCE S F glon, Diff-
Quik 845 39 PCo Yy =& T34
E AL 24 WE A Ade & 5 3l
.t

PCE AlE8tH o zksl=d oA Az}
HulAdA {22 o) {83k AR AF A
#%-& £31% Papanicolaou G 22 F 2P
2] dolgl & Kol Rl 2, Axd, 944
Yy 9 AL F2E A dFFoEH
HEAAEEF EHES E F UL PCE A
g 4 oo} F T = back-scattered A A E
v Y-S A L3k, HulgdM = PC &
ANE GA 3E F sl dFE2F o g3 n
AFD. AAEAA FFE S, HA o
dojd RME A @9 £ A
A 5o FERE AT LEA PCH o] 7}
%39* Cytomegalovirus == & ulolz| A
oo EFFEY AF o5 HE= sHesl
A,

PC2 23L& 4~6pm2] 73L& 71 A of
AR FYE 7R 3, 2= AR A d-&
Hol7|= g} ¥32 H&E =+ Papanicolacu

—6—

JA A& A Bolx] gtermg Wy
71 8¢ GMS €484 & A 2 =
tprl Aoz FAS Y o] A
JAE T} 3 Hd o= webdoe] #aEE=
o RE ) e 48 A5 GMS 94
o & ukg-3le] T iAo} FHo] g} Az}
v Aol A wubd 2 mute] g HHo] ful
oz v3d Y2 BAAG, 13 93
He goul o2 Eajxte] 9l PAS9 GMS
Aol 2 uk-g-3te, AP E3HE] Ao 1
T4 AR AFFe FYsle PCrl AFFH
g Foz EHAL AL AWPHT 9
111-26'28)'

E 3 A = sporozoite EX Ea]m A AHe] 1
~2pm 2 2, May-Griinwald-Giemsa (MGG)
g o)}, Giemsa™, Wright-Giemsa®), =
Diff-Quik? 4o 2 BAF 4 gich R
FTFe TPYAE 2, 4, 6 == $HNE T
I, 4 23 A ST de 2717F ke
A AAA JFgez A5A. Giemsa-
Weigert 9 4-& & A$ wubyds vhll4 =
57t AR o] g2 = Hupdn 1y
WAE sl 238, Jgye Az
A st .dutd o g AW WA B3I
& Zol vle 2 Fefst o) chaksle, AlE
AL Giemsa =+ MGG G404 d& AL
et 3 7HE B2 Ho]l A N-EdA 21
tt. Diff-Quik =& Wright-Giemsa g 4 olA 2
#FAEHY m2e AFESG HE sl F A
S e, g oy Hoe Edel vl
Fri FALE F ez, He F4ud
< A Hol, ddo] dUHFEL st Aol
Lol A1, HEAIA E FAHE S
t} golatA b, Vavre 2 Kucera’& &4
Aol PCA 2] et R w3, PC
Yol &27]de] §le A2 nFe] PC
7} o1 E o FAQGe] S dled olvu}
A $EL VA G AR B3 9.

_O‘L

e

=



LRin EA LR

=2

—_

4

PC #3e] Ax3y 2747 PCY &v|¥H
A 27E& dotrr] 8], Sprague-Dawley
% 3 F ol dexamethasone 3} A o] & A
T2 F93ted 6577 FA F A¥A PCH
HE UE F 7 FAAHAZAA HAHE AA s}
A XA g AzE A RS §e] g
2 AFRE 4t

PC2| A&7 sFst= Zhzte] e sty
234E Z1BAAZAY HALE 53 25 B2
& 4= 913l Papanicolaou % H&E G oA &
PC7} EZ4 "Weojgl2 B¢t PC xde
GMS A elA 2 fFa=g]oy, Jdds £
JFUl A= Giemsa, Diff-Quik @ PAS A4
& 5 sk PCY A AT A Z A
AN =gt Haldv] g ez
232 Ay 52 ZHA =, gL
A2 JEsn AL HE FFE
3] 7L g 2] dyHoz AzxdLe
E4e 2 upgo g AAYEs e 3 2
22, /MR uiZEd e HALES) £ 2
22 o]FoA gt e £3] 6~8719
F3UHAE 7Y wu 2 HEde] F2x 3
A= ek PCo JYyd L 1 nofa}t A 7o) )
T oheksle] A m Ao T8 Aald o] &)
w8 A3}

=

)
E¥s

3t AALY =7t 2 3 $9
Z et

o] 2] ANE F3te Z|RAAZAA AA
= PCE A3 #FFo24 PC AHL s}
= "I-$ #-83 uhyo]n, Papanicolaou 4 7}
3 GMSE A 2 Diff-Quik G4 & ko] F}
dulFH oz r A& Agde] 7153 Ao
Az 3, AR A F3L shd pCe A
271 QA 2 Fesy EA4E v A4
3] #FF 4= gle] PC HlH o] g 2tz 3
PC A &57]o u} & e stz 543 o £4ky]

H

il

A5

Azste] BAE A7sted]

A3, 1994

Ao AzEh

10.

11.

. Dutz W: Pneumocystis

. Rifkind D, Faris TD, Hill RB: Pneumocystis carinii

pneumonia: Studies on the diagnosis and treatment.
Ann Intern Med 65:943-956, 1966 '

. Dutz 'W: Pneumocystis carinii pneumonia. Pathol

Annu 5:309-341, 1970

carinii infection and
interstitial plasma cell pneumonia: What does history
teach ? Semin Diagn Pathol 6:195-202, 1989

. Gal AA, Koss MN, Strigle S, Angritt CP: Pneumo-

cystis carinii infection in the acquired immune
deficiency syndrome. Semin Diagn Pathol 6:287-
299, 1989

. Soulez B, Dei-Cas E, Palluault F, Camus D:Mor-

phological evaluation of Pneumocystis carinii after
extraction from infected lung. J Parasitol 77:449-
453, 1991

. Murray JF, Garay SM, Hopewell PC, Mills J, Snider

GL, Stover DE:Pulmonary complications of the
acquired immunodeficiency syndrome. Am Rev
Respir Dis 135:504-509, 1987

. Martin WJ, Smith TF, Brutinel WM, Cockerill FR,

Douglas WW:Role of bronchoalveolar lavage in the
assessment of opportunistic pulmonary infections :
Utility and complications. Mayo Clin Proc 62:549-
557, 1987

. Bedrossian CWM, Mason MR, Gupta PK:Rapid

cytologic diagnosis of Pneumocystis carinii: A
comparison of effective techniques. Semin Diagn
Pathol 6:245-261, 1989

. Hasleton PS, Curry A, Rankin EM:Preumocystis

carinii pneumonia:A light microscopical and
ultrastructural study. J Clin Pathol 34:1138-1146,
1981

Itatani C, Marshall GJ:Ultrastructural morphology
and staining characteristics of Pneumocystis carinii
in situ and from bronchoalveolar lavage. J Parasitol
74:700-712, 1988

Rotaeche JG, Costabel U: Bronchoalveolar Lavage in
Diagnostic Cytology. In Compendium on Diagnostic
Cytology. Edited by Wied GL, et al. Chicago,
Tutorial of Cytology, 1992, pp 251-265



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

F7A9 = Pneumocystis carinii M3 &) 7)3A) HZTAAHAY

Luft JH:Improvement in epoxy resin embedding
method. J Biophysic Biochem Cytol 9:409-417,
1961

Selvaggi SM, Gerber M:Pulmonary cytology in
patients with the acquired immunodeficiency
syndrome. Diagn Cytopathol 2:187-193, 1986
Pitchenik AE, Ganjei P, Torres A, Evans DA, Rubin
E, Baier H: Sputum examination for the diagnosis of
Pneumocystis carinii pneumonia in the acquired
immunodeficiency syndrome. Am Rev Respir Dis
133:226-229, 1986

Bigby TD, Margolskee D, Curtis JL, et al:The
usefulness of induced sputum in the diagnosis of
Pneumocystis carinii in patients with the acquired
immunodeficiency syndrome. Am Rev Respir Dis
133:515-518, 1986

del Rio C, Guamer J, Honig EG, Slade B: Sputum
examination in the diagnosis of Preumocystis carinii
pneumonia in the acquired immunodeficiency
syndrome. Arch Pathol Lab Med 112:1229-1232,
1988

Zaman MK, Wooten OJ, Suprahmanya B, Ankobiah
W, Finch PJ, Kamholz SL:Rapid noninvasive
diagnosis of Pneumocystis carinii from induced
liquefied sputum. Ann Intern Med 109:7-10, 1988
Kim HK, Hughes WT:Comparison of methods for
identification of Pneumocystis carinii in pulmonary
aspirates. Am J Clin Pathol 60:462-466, 1973
Chandary S, Hughes WT, Feldman S, et al:
Percutaneous transthoracic needle aspiration of the
lung : Diagnosing Preumocystis carinii pneumonia.
Am J Dis Child 131:902-905, 1977

Gosey LL, Howard RM, Witebsky FG, et al:
Advantages of a modified toluidine blue O stain and
bronchoalveolar lavage for the diagnosis of
Pneumocystis carinii pneumonia. J Clin Microbiol
22:803-807, 1985

Seitz HM:Technik des mikrobiologischen Nach-
weises von Pneumocystis carinii. In Die Pneumocy-
stis carinii pneumonie. Edited by M Dietrich, Berlin,
Springer, 1989, pp 147-150 v

deBlois GG:Use of the Diff-Quik stain on
transbronchial biopsy imprints as a rapid diagnostic
procedure for identification of Preumocystis carinii.
Am J Clin Pathol 85 :385, 1986

Schraufnagel DE, Becker RP, Balaan M, Schmid A,
Claypool W:Scanning electron microscopy with

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

backscattered electron imaging to identify
Pneumocystis carinii. N Engl J Med 317: 1541, 1987
Bedrossian CWM: Ultrastructure of Preumocystis
review of internal and surface
Semin Diagn Pathol 6:212-237,

carinii: A
characteristics.
1989

Watts JC, Chandler FW:Pneumocystis carinii
pneumonitis : The nature and diagnostic significance
of methenamine silver-positive “intracystic” bodies.
Am J Surg Pathol 9:744-751, 1985

Shimono LH, Hartman B:A simple and reliable
rapid methenamine silver stain for Pneumocystis
carinii and fungi. Arch Pathol Lab Med 110:855 -
856, 1986

Lundgren B, Kovacs JA, Nelson NN, Stock F,
Martinez A, Gill VJ:Pneumocystis carinii and
specific fungi have a common epitope, identified by
a monoclonal antibody. J Clin Microbiol 30:391-
395, 1992 '

Edman JC, Kovacs JA, Masur H, Santi DV, Elwood
HJ, Sogin ML:Ribosomal RNA séquence shows
Pneumocystis carinii to be a member of the fungi.
Nature 334:519-522, 1988

Dutz W, Burke B:Cytologic diagnosis of
Pneumocystis carinii. Natl Cancer Inst Monogr 43:
157-161, 1976

Domino J, Waskal HW:Wright's stain in rapid
diagnosis of Pneumocystis carinii. Am J Clin Pathol
81:511-514, 1984

Vavre I, Kucera K:Pneumocystis carinii Delanoe,
its ultrastructure and ultrastructural affinities. J Pro-
tozool 17:463-483, 1970

Gorni S, Paladini A, Paoletti P, Del Bono L, Scasso
A :Laboratory diagnosis of Pneumocystis carinii:
comparison of cytological, immunofluorescent and
immunocytochemical staining. Pathologica 84 :225-
233, 1992

Wehle K, Blanke M, Koenig G, Pfitzer P:The
cytological diagnosis of Pneumocystis carinii by
fluorescence microscopy of Papanicolaou stained
bronchoalveolar lavage specimens. Cytopathology 2:
113-120, 1991

Mattia AR, Waldron MA, Sierra LS :Use of the UV
Paralens adapter as an alternative to conventional
fluorescence microscopy for detection of
Pneumocystis carinii in diret immunofluorescent
monoclonal antibody-stained pulmonary specimens.



35.

36.

37.

Al 2 2] 23] ]

J Clin Microbiol 31:720-721, 1993

Amagai T, Matsumoto Y, Sakai Y, Roux P, Girard
PM:A common antigenic epitope expressed on
human Preumocystis carinii. J Protozool 38:169S-
1718, 1991

Elvin K, Linder E: Application and staining patterns
of commercial anti-Pneumocystis carinii monoclonal
antibodies. J Clin Microbiol 31:2222-2224, 1993
Tanabe K, Fuchimoto M, Egawa K, Nakamura Y:

53

38.

A1z, 1994

Use of Pneumocystis carinii genomic DNA clones
for DNA hybridization analysis of infected human
lungs. J Infect Dis 157:593-596, 1988

Kitada K, Oka S, Kohjin T, Kimura S, Nakamura Y,
Shimada K :Preumocystis carinii pneumonia
monitored by P. carinii shedding in sputum by the
polymerase chain reaction. Intern Med 32:370-373,
1993



