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Experimental Model of Pneumonia Induced by
Pneumocystis carinii
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Jee Hoon Sim, M.D.*, Kun Young Kwon, M.D.

Departments of Pathology, Internal Medicine®, Neurology *, and Ophthalmology’,
Keimyung University School of Medicine, Taegu, Korea

Abstract : Pneumocystis carinii (P. carinii) is an opportunistic pathogen which
causes pneumonia in the lungs of immunocompromised patients. Since the
organism has not been successfully propagated in vitro, many investigators have
been restricted to in vivo models for studing the P. carinii organisms. This study
was carried out to investigate more desirable animal model of P. carinii
pneumonia and to observe morphologic characteristics in the animal model of rats.
After six weeks of administration of 8% low protein diet, dexamethasone,
tetracycline, and nystatin, the Sprague-Dawley rats were sacrificed to submit
lungs and bronchoalveolar lavage for the study. We compared between the oral
administration and intraperitoneal injection of dexamethasone to the experimental
rats. The oral administration of dexamethasone was more effective than the
intraperitoneal injection of dexamethasone for the survival rates and detection
rates of P. carinii in the rats. The survival rates and detection rates of P. carinii
were similar between the group of intratracheal injection of P. carinii plus oral
dexamethasone administration and the group of only oral dexamethasone
administration. These results indicated that the oral administration of
dexamethasone in the experimental rats is more convenient and effective method
to make a desirable P. carinii animal model and to observe morphologic
characteristics of P. carinii pneumonia in rats.
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Table 1. Comparison of administered conditions in the experimentally induced Pneumocystis carinii

pneumonia
Experimental group

Conditions A B C D

Intratracheal injection
L ND ND ND D

of P. carinii
Administration of Oral (ED) IP (ED) IP (EOD) Oral (ED)
dexamethasone 2 mg/L 1 mg 1 mg 2 mg/L

A: no intratracheal injection of Pneumocystis carinii (P. carinii) but oral administration of dexamethasone
every day; B: no intratracheal injection of P. carinii but intraperitoneal injection of 1 mg of dexamethasone
every day; C: no intratracheal injection of P. carinii but intraperitoneal injection of 1 mg of dexamethsone
every other day; D: intratracheal injection of P. carinii and oral administration of 2 mg/L dexamethsone every

day; ED: every day; EOD: every other day; D: done; ND: not done.
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Table 2. Chemical components of powdered food for the experimental rats

Components Content (%)
Protein 14.5
Fat 2.5
Fiber 6.0
Mineral 14.5
Calcium 3.0
Phosphate 0.3
Methionine + cysteine 0.5
Carbohydrate 58.7
Total 100
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000 0000 AOD 62%, BO 53%, CO
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Table 3. Percentile change of mean body weight in experimentally induced Preumocystis carinii pneumonia

Duration (days)
Group
1 7 14 21 28 35
A 100 84 69 66 62
B 100 84 69 58 53
C 100 87 74 70 70 70
D 100 91 78 72 67 60

A: no intratracheal injection of Pneumocystis carinii (P. carinii) but oral administration of dexamethasone

every day; B: no intratracheal injection of P. carinii but intraperitoneal injection of 1 mg of dexamethasone

every day; C: no intratracheal injection of P. carinii but intraperitoneal injection of 1 mg of dexamethsone

every other day; D: intratracheal injection of P. carinii and oral administration of 2 mg/L dexamethsone every
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Table 4. Comparison of percentile survival rate in experimentally induced Prneumocystis carinii pneumonia

Duration (day)
Group
| 7 14 21 28 35 40
A 100 100 100 93 93 60 40
B 100 100 87 27 13 6 0
C 100 93 73 60 53 53 27
D 100 100 100 100 80 73 47

A: no intratracheal injection of Pneumocystis carinii (P. carinii) but oral administration of dexamethasone; B:

no intratracheal injection of P. carinii but intraperitoneal injection of 1 mg of dexamethasone every day; C: no

intratracheal injection of P. carinii but intraperitoneal injection of 1 mg of dexamethsone every other day; D:

intratracheal injection of P. carinii and oral administration of 2 mg/L. dexamethsone every day.
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fig. 1. Diagram of the rate of body weightachange, in the rats experimentallydaduced Preumocystis carinii
pneumonia. A: no intratracheal injgction of neumocystis carinii (P. cargiili) but ordl gdministration of
dexamethasone; B: no intratrachcalinjedti P caginii but ingrapefifoneal iajecggn of 1 mg of
dexamethasone every day; C: no intratrcheal ion of [P, carinii byt inti@@eritonealling€ction of 1 mg
of dexamethsone every other day; D1 ntratr 1 injectigugof P. coriniidnd oral a gagmation of 2
mg/L dexamethsone every day.
0
A B | C | D
[] negative [l 1 B
N H

Fig. 2. Comparison of the level of Pneumocystis carinii infection among the groups of experimentally induced
Pneumocystis carinii pneumonia. A: no intratracheal injection of Pneumocystis carinii (P. carinii) but
oral administration of dexamethasone; B: no intratracheal injection of P. carinii but intraperitoneal
injection of 1 mg of dexamethasone every day; C: no intratracheal injection of P. carinii but
intraperitoneal injection of 1 mg of dexamethsone every other day; D: intratracheal injection of P,
carinii and oral administration of 2 mg/L dexamethsone every day; [ : scanty on low power field
(X 100) and scattered seen the P. carinii on high power field; O : P. carinii cysts along the alveolar
epithelial surface on low power field and well seen on high power field (x 400); O : clusters of P
carinii cysts in the alveolar lumen on low power field. and well seen onn high power field; O : many
clusters of diffusely filling the several alveolar spaces on the low power field and well seen the P.
carinii on high power field.
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Table 5. Evaluation of Preumocystis carinii infection in experimental groups

Criteria
Group -
Negative O O O O Total
A 0 3 2 2 0 7
B 0 2 1 0 0 3
C 2 3 3 0 0 8
D 2 5 2 1 1 11
Total 4 13 8 3 1 29

A: no intratracheal injection of Pneumocystis carinii (P. carinii) but oral administration of dexamethasone every
day; B: no intratracheal injection of P. carinii but intraperitoneal injection of 1 mg of dexamethasone every day;
C: no intratracheal injection of P. carinii but intraperitoneal injection of 1 mg of dexamethsone every other day;
D: intratracheal injection of P. carinii and oral administration of 2 mg/L dexamethsone every day. Negative: no
P, carinii on high power field (x 400); O : scanty on low power field (x 100) and scattered seen the P. carinii on
high power field; O : P. carinii cysts along the alveolar epithelial surface on low power field, and more well seen
the organisms on high power field; U : clusters of P. carinii cysts in the alveolar lumen on low power field, and
more well seen the organisms on high power field; [ : many clusters of P. carinii filling the several alveolar
spaces on the low power field, and more well seen the organisms on high power field.
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Fig. 3A. Light micrograph of the experimentally induced
Pneumocystis carinii pneumonia in rats
shows foamy exudate including alveolar
macrophages in the alveolar spaces
(H&E x 200).
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Fig. 3B. Gomori's methenamine silver stain
shows round to oval cysts with
occasional intracystic dots (x 400).
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Fig. 4A. Transmission electron micrograph shows
trophozoites (T) and a collapsed cyst (C) of

Pneumocystis carinii (x 12,000).
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Fig. 4B. Transmission electron micrograph shows a

round cyst (C) including several intracystic
bodies (ICB) (x 28,900).
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Fig. 5A. Scanning electron micrograph shows a
trophozoite (T) which attached to the
alveolar wall. The trophozoite shows
nodular central portion and peripherally
irregular shaped tubular expansions.

AS: alveolar space (x 6,900).
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Fig. 5B. Scanning electron micrograph shows
two round shaped cysts (C) (x 8,200).
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