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o &t (T8 (Pneumocystis carinii) P
RIEVE Migeo] $3r EERrY et

BEARK BNAR FEa8253
FERM - FRA - BEE

2 %4:4% 589 9975 ¢ 942 AAALH FAd 2 A FA AL Eddy
Pneumocystis carinii = ot & el AF A9 S 1A B& A 4 A4g L BF A
& 7]Z(mean survival day) 5& vlmgrozH A4 dde] QadFons P, cariniid F84
& Yot A of ATFE AAsY .

Ay FE2 Sprague-Dawleyd] &7 90v}2] & Aatgd s 72 159t 14 o 275 o2 57
FoFTo ERstgct. 12 prednisolone(25mg/kg twice weekly), 23 prednisolones} tetracyeline
(75mg/kg/day), 3F prednisolone, tetracycline ¥ trimethoprim-sulfamethoxazole(50~250mg/kg
/day), 4 prednisolones} trimethoprim-sulfamethoxazole, 5% prednisolone® griseofulvin(300
mg/kg/day). 47 AL FAN F& WA Foistz 7 e & ARE 2AHYY. B
BHE 54 FAH%S A4S 423 F 4F =% TER 24 A9 XL 9hER toluidine blue
O, Giemsa, Gomori’s methenamine-silver, hematoxylin-eosin, Brown & Brenn 4] %2 3}o
sk o

2T 3T 4E 73S 1F 19.3456.29, 27 41.1+14.091, 3F 50.5+18.49, 4F 43.0+
22,99, 5% 2L.8%5. 10l A, 7 ¥ A F S0 Aol E W mEy 1¥F 27, 179 37 2 1
T 4Fo] A7 §od Aol (p<0.0DE Bl AF 7Y WAA A sz dA=E Ao
gych, = 173 539 42 71722 AL Holst 99z, 23 5F, 3% 5F @ 4% 5FL
FAFE ZHo] (p<L0.01)E Beo] AT ARt A Folrt P. carinii Aol 33 Agle] A Aaq
gL F+ Aoz veyd,

P. carinii A Qo] AT AAE AP 179 HAze degon 2 F9 vl gL 370 92.9%8
A E3, 2T 2 5%¢] 80.0%, 4Fc] 78.6%, 1F°| 33.3% % X4tk P. cerinii A|don 29
53ule] & E-F§ ul stage 12 11.3%, stage 2% 28.3%, stage 32 60.4%0°] ) c}.

S 339 Aele S ER ERAE 9 AY A QA~280) s AF gl g Algo] w
3, AR F71(29~56%) = FE P. carinii o] 7 Abitolglon] A Fs}el Egde] o 4
el vhebukeb, Ad FI(6T~82 )l A, AT A Glel XF P. carinii g o Agat
o et

ol e Az & w MAAAA Fo IMY ol F B A folezEs Aol AT Ad
B} P, carinii o] 8 FedtE AL o 4 99t
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Pneumocystis carinii(o] & P. carinii) ((EMKLT ) BhE ol o) BEIPEHEIY) B qldtd 2 g
€ FMEAME ke dorls REG22 AAdE F2 o ade] A2 A2 db( =, 1981; 2,
Kphd, KM BRETRRE 2 BETREY B4 1987). B3] | Zol P. carinii Wisko] HEH T
Cto] wRE 1988YE FRY GEaTagud o  BIEAIDS) BAA AR £d F 4k Ao
Haz gle] ole] #F kel FrE = g cth(Robbins
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et al., 1984).

o] & Chagas(1909)7} guinea pigellA] #Hx =&
A 519 32 Delanoé 47 (1912) 7} Pneumocystis carinii
2 wAstgd e o 7+9%ES Beneck(1939)e] 24
T 5PAfdoz AA4= . Van der Meer and
Brug(1942)c] A4 A& AL Byl

P. carinii= HEHEHRS] R ARE ¥ ER AF
St 42 AdE] e BEAA HERY(opp-
ortunistic infection)$ 0.7 AB: $:il SHHo)
(Hughes, 1975; ], 1978). Sheldon(1959)e] <] 3}
H EENL ARG W o] FA9 F40] A K
B B J4E g9 dg BEY el A
A7t dejvtd FA3E FAsA =He 2 A A
29 J5¢ FHlstz s mBE T3 THEA
PR 2 FEES do9)Y AF £3EF AUA
gk,

FAEKE ks +2d ¢ d& 9942 P. carinii
F ¥ R3] MR, AT, volax Sl glet w4
150l AAH ez AAH A AL o HLdAel
A Egae ddE dodEg JE3 Y99S 7y
3}7] o &),
ole] AAEL APFTEST HAoE Aoz
%% dAANS T 27A FPEFEA L F
o P. cariniic] o3 A R & Ao 4
+ TEsE, A4 AS Ty £ FPHA ER F
At HEE Wik 4dFAZA P. cariniif
84% ZARRA B AFE Ao,

£ 2

ofN afo nf O .2

& MHE " Fk

2 Adel A3 Sprague-Dawley: 3#HE #iK
ABEEHREMAAN £F¢e AF 150~180g (BT
154.2 g)8 AAE 3 0=t gk, A§A EREER
T Ajelel FEFFAZ AKE v F 19 30ccd)

Table 1. Mean survival day of rats in each experimental group

BkE Flod o BE #He 25 A5 L4
3 & FFEyoz B39 ct(Hughes et al., 1983;
D’antonio et al., 1986).

3= HWENS5) A SRR TE
sl , LS 159t 5o R EF3d predni-
solone(25mg/kg F 23)), tetracycline hydrochloride
(19 75mg/kg), trimethoprim-sulfamethoxazole(1<!
50~250mg/kg) & griseofulvin(1%! 300mg/kg)& ©}
23 7ol o, F 1¥EL prednisolone &9
A}, 288 prednisolone 2% F 19} tetracycline A+
o, 3L prednisolone Z§FAF9) tetracycline 2
trimethoprim-sulfamethoxazole®] 7 -F%of, 482
prednisolone % 5At9} trimethoprim-sulfamethoxa-
zole®] A FEof, 5BEL prednisolone Z&FAtet gri-
seofulvin 3 F5 o 2 3¢ o o] FEEL 377 F
+ AR AE T34

o 3Ae EFHMHE 33T F Skkstd 99
$de A stz 2 MEES Eoole Sebzd HE
&k (stamp smear) 3t t}& toluidine blue O ¥ Giemsa
Heg doer 43¢ d9 Q8 HEAR B25E
ulEo]  hematoxylin-eosin, Gomori’s methenamine-
silver @ Brown & Brenn %f5(Luna, 1968)% A3}
g ood dulF ez HAaAdg o,

52 349 R FET EEGH A Gl RE
BRe RS T3t S o] #AYIGH. F
At dFuEa sl Ade U AT Adel de
W P. cariniic A9 & AL MY ik, 4R
of FWSsA AT Bt L& A A4 A9,
toluidine blue O% Gomori’s methenamine-silver ¢
A FRAA P.carinizt MAE L AFolv AT A4
o] A2 o1& AL P. cariniiy Ri#¢, intranuclear %
£ intracytoplasmic inclusione] & A% violglx
A 4, 2FF o149 WeAs EAE A= BEARK
Yoz FA AL,

No.
Group of rats Drugs administered

Body weight(mean+S.D.)

Mean survival time

initial at death (days+S.D.)
Control 15 none 124.6+13.0 318.8+21.2 82.0*
1 15 Pd** 141.7+17.4 106.31+19.8 19.34:5.2
2 15 Pd, TCH*** 155.3+18.6 104.0%16.3 41.1414.0
3 15 Pd, TC, TMP-SMZ****  169.8-19.9 111.54:16.7 50.5+18.4
4 15 Pd, TMP-SMZ 172.34:18.8 113.6+18.8 43.0422.9
5 15 Pd, griseofulvin 161.6+14.8 115.9+11.0 21.8+5.1

* artificially sacrificed
** Pd : prednisolone
#*FTC : tetracycline
*+ ¥ PMP-SMZ : trimethoprim-sulfamethoxazole
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Fig. 1. Survival day of prednisolone-treated rats in each experimental (treated) group.

xX®EER

AY TEL 5o 7o prednisolone, tetracy-
cline(TC), trimethoprim-sulfamethoxazole(TMP-
SMZ), griseofulving Z4& w74 otz & F
iy EEES 3A9 RS A v F53 3
L+ Ag4AE 49

1. & BA £EHE L

& BEY ZEY RS Table 13 zod, 4%
ul A 1B 2BE(p<C0.01), 185t 38 (p<0.01), 1
48 (p<0.01) Aolell =15 Kol Ft HolE 2
qdA A @WEol v P. cariniid]l ZAE WAYE A ¥
£9% A& 7% 438 2goh. 2y 13} o

50 60 70 80 Days
s GRE(P<0.0D9) EFEMME v2g A Az A%
#o% ol & wol AFol} P. carinii ol AT

R 5z Aol ¥ F23 4L F oz
viebgeh,

v 2f, 3% Y 4B JEIZE AR ¥2E
@ %o & Felst 9l Aoz vt TMP-SMZ %
&7} P. carinii®] 54 dAo] oA E-go] HA @
= Aog seksglich,

7+ 8 879 T RKPiE Fig. 15 e 1HS

P A7 FHHQYL~28Q)d 86.7%, 28BS AF
ﬁﬁ(29°é~56°é)°ﬂ 66.7%, 38 AP it AY #
H(GTL~829) 86.7%7 £ om 4B A¥ WM
S Ag rhilel 80.0%, A& 759 ol ¥ 20.0%7t
SR

o JEA e ¥y A4 AT Helst el AA 2. & BA 2 A U B
de A FAAHA G Ao ey o 3379 FHE P Table 29 Fow 1L
= 2FFs) 5B (p<0.01), 3B 5R(p<0.01) T 48%¥ MR Whigeel wWotz 28, 3B, 48 2 SRl A=
Table 2. Causes of death based on h15topatholog1cal examination of the experimental rats
7 Mlxed(P C * w1th) P.C.P** only
Group  No. rats Bacterial e % of P.C.P.
bacterial fungal stage 1 stage 2 “stage 3 (only)
1 15 8 2 2 3 33.33
2 15 1 2 9 80.00
3 14%%* 1 2 4 7 92.86
4 14%%% 1 3 4 4 78.57
5 15 1 2 3 9 80. 00

* P.C. : Pneumocystis carinii
** P .C.P. : Pneumocytsis carinii pneumonia

stage 1. Isolated cysts found in the alveolar septal wall, but absence of inflammatory response.

stage 2. Desquamation of alveolar cells, increasing No. of cysts, and minimal inflammatory response.

stage 3. Large No. of cysts with desquamation of alveolar cells and extensive alveolar septal
thickening with inflammatory infiltrates.

*#* One rat was cannibalized after death,
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Fig. 2. Survival day of experimental rats according
to the cause of death(A,B,C, D).
A : Bacterial pneumonia
B : Mixed infection (Preumocystis carinii
and bacteria)
C : Mixed infection (P. carinii and fungi)
D : P. carinii pneumonia

P. carinii Bigee] ¥ g0l Y53 ¥l

P. carinii Biggte] ¢ A AP 1794 Hx
2 veges 2 FHE By 3ol 92.9%%
¥, 2B, SR, 4B, 13 JEol %o

& 3A9 Adg Jizkde 2wl Fig, 294 7o
e Wik P. carinii— AT BERPHE: Bige A

& alel vebdew P.ocarindi—A £37rd 4 it
%-& Ad e, P. carinii fige ZE 77kl o
Ebxkow 53] duffo] Foll wkgkeh,

P, cariniiy Wik, ATA Bk 2 ATA
dul A4 B 24L& 77 Fig. 3~6, Fig. 7 2 Fig.
8ol A B upsl zokwl,

® K

P. carinii 5}@%9’]05 obd E=g Aol geo
RBNer MTE Y48 Ffhes AFs=
on AL o] o] moke], 3, E 5 W
WA EF MESE Mkes Foste Aoz ¢
8z gleh(Pifer, 1984; &, 1987).

KB P. carinii Wi%ke) f28 Weller(1955)el 2
3 Fx27 R3® F Sheldon(1959), Barton and
Campell(1969) & <l2] A9 must glglon S
vt = 2 5(1974), & 5(1980)F A e o8 =
27k geh B FE f01% § JE GE =y 290
i% EU%&E 32, PiEN, 285 BoHE By S

1 gler o Egﬂiﬁ TEREL 79 Azwdy
% ZHaAH "—J?ﬂ’-‘i L2 P. carinii fikE A=
o] %2 % wdlo] sz 9lc}(Frenkel, 1966;
Hughes et al., 1974; Walzer et al., 1984). =3 o]z

T FES FF 5T BERD, HRAY ik, B
S8 Bl 5 e S4e 2954 Fed (ShEIdOH,
1959; Gilman et al., 1985; Norman et al., 1987) ©
AFAAE A A AF F2F 2 5 U
olyl Aol A A 1#S T 47 RS Frenkel
et al. (1966)9] 374 X¥v} A gEw = Yoz 4
o] Al AR 2 R APl BYEHIE R
olu] WFo R AlsEch A 28 Fi 4 M
Frenkel et al.(1965)9] 549 7 §-+}3t9d 21} Hughes
et al.(1974)0] R mg 74 Rebe  Aokeh. A 279

EAF BIHIZ A 18 2k fel @ F4E 2] sl
&7 el e MRS Fe4de A=A, = A 38
A AE AL FAL AEE Y Ao WAddaw

AR P. carinii A BE 73E A3 =
ZF &aAAA 4A Foiuwer AtgHEc, 2 A
2B v nA {9 Aol F HolAE @kEv o=
"ol dA=" Aeol A= TMP-SMZE A& Eo3}
o % P. cariniizt 3| % W o A o] Zu} barrier isolator
% A3l dAY AFE Lonm P cariniis) &

=)

Fig. 6. P. carinii-infected rat lung showing inflammatory cell infiltration, alveolar septal thickening, and

foamy amorphous exudate (arrow). Hematoxylin & eosin stain, x 400.
Fig. 7. Bacteria-infected rat lung. Gram positive bacteria stained blue, and Gram negative bacteria stained

red. Brown & Brenn stain, x400.

Fig. 8. Fungus-infected rat lung showing hyphae stained black. Gomori's methenamine silver stain, x400.
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Fig. 3. A stamp specimen of a rat lung. The cyst wall of P. carinii stained purple (arrow). Toluidine
blue O, x1,000.

Fig. 4. A stamp specimen of a rat lung showing the intracystic body (arrow). Giemsa stain, X1, 000.

Fig. 5. P. carinii-infected rat lung. The cyst stained black (arrow). Gomori’s methenamine silver stain,
%1, 000.



— 106 —

AL A A 23 T2 2 25" v (Hughes et
al., 1983; D’antonio et al., 1986). =] 4 BEo] #:f2HH
HZ A 28 2 Al 38 §9¢ ol g Holx obgk
H ol AE A 3P FL olF HEoT Az
A 58] FE 518 Frenkel e al.(1966)8) 402 5
o Atz A 1R w2 §93 ol s Rolx @
St ol & griseofulvine] #IEET}: P. carimiio] o3}
o ofA] Ago| v]ksly] @ F£(Gilman et al., 1985)2
2 A A

FA o B RS wzstedel gela 53 £A)
Asle AL BfEAdd 2 Agd AL7 Al £
o &% 4 /e oE BudA FEg L8 o
271A Fevia 93 2 & (Hughes et al., 1974) )
Hatgdong Ao FAlst 54 ekoket.

A BIBEE T2E&9S AS 548 9 =2 %
g Weller(1955)+ BumsE, Frenkel et al.(1966)-&
MBS Bigtol e stglerl £ AdAE 4 18 o
FEL ATREe2 FU o8 o] duky o7 7
Aol 3 A A =z 2AdE AFHDe] A
£ Atalo) et Yo,

P. carinii fig2 Ag 1746 2=z Jelgsw
o] & Gadjusek(1957), Kuera(1967) %2 239 $
AFstglond 2 Ty gL A 3ol A EA vebd
£ o= "9 oA TMP-SMZE Fdilds &3
ZXH P. cariniizt 4A3] AASA %) oz
A+ 8% v} (Hughes ez al., 1974 & 1983).

2 AYE T 59 HAdAA 2o)ele ME
M o] o Migkel F2 HAIAR F] o] Fof
© P.ocarinii Jijeel HAA S Fastgd. @H o
W AR P, carinii fife-& TMP-SMZ9 o4 =
A2x 4AF A5 AAE AT 5 Qhen Lo
2 ol A AT AlLsejof & Ao YA,
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=Abstract=

An experimental study on prednisolone-induced interstitial pneumonia
caused by Pneumocystis carinii

Dae-Whan Shin, Young-Ha Lee and Young-Eun Na
Department of Parasitology, College of Medicine, Chungnam
National University, Daejeon 301-131, Korea

This study was performed to observe the role of Pneumocystis carinii as an etiologic agent of
interstitial pneumonia in immunocompromised hosts. Total 90 male Sprague-Dawley rats, approxi-
mately 150-180 g, were used. Fifteen of them were used as control group and remaining 75 (5
groups) were as immunosuppression groups; group 1 received prednisclone (25 mg/kg twice weekly)
only; group 2 prednisolone and tetracycline (75 mk/kg/day); group 3 prednisolone, tetracycline
and trimethoprim-sulfamethoxazole (50~250 mg/kg/day); group 4 prednisolone and trimethoprim-
sulfamethoxazole; and group 5 prednisolone and griseofulvin (300 mg/kg/day) until death. The
survival days of each group rat were calculated, and upon death their lungs were removed imme-
diately and then stamp smears were prepared and stained by Giemsa or toluidine blue O. For
histopathologic observation, lungs were fixed in 10% formalin, cut into sections and stained with
Gomori’s methenamine silver, hematoxylin-eosin, and Brown & Brenn stain.

The results obtained were as follows:

1. The mean survival time of each group rat was 19.345.2 days (group 1), 41.1+14.0 days
(group 2), 50.5--18.4 days (group 3), 43.0--22.9 days (group 4) or 21,8--5.1 days (group 5).
Significant differences were noted between group 1 and group 2(p<C0.01), group 1 and group 3
(p<<0.01), and group 1 and group 4 (p<{0.01), which represented bacterial infections were most
fatal in immunocompromised rats. Group 5 revealed no difference in the survival day from group
1, while significant differences were noted between group 2 and group 5(p<{0.01), group 3 and
group 5(p<C0.01), and group 4 and group 5(p<C0.01), which represented little importance of
fungal infection as the cause of death of the rats.

2. The first fatality due to P. carinii pneumonia occurred 17 days after the beginning of the
immunosuppression. The occurrence rate of P. carinii pneumonia in the decreasing order was
92.99% (group 3), 80.0% (group 2 and group 5), 78.6% (group 4) and 33.3% (group 1). With
regard to the pathological stage of P. carinii pneumonia, the stage 1 was 11.3%, the stage 2,
28.39%, and the stage 3, 60.4%.

3. Viewing from the duration of immunosuppression, bacterial pneumonia chiefly appeared in
1 month, mixed infections (P. carinii and bacteria, or P. carinii and fungi) in 1~2 months, and
pure P. carinii pneumonia after 2 months.

The present study revealed that P. carinii pneumonia was the most important cause of death
of immunocompromised rats later than 1 month after the start of immunosuppression.



