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Abstract

Pneumocystis carinii is an opportunistic sporozoan parasite which
affects the lungs of a variety of mammals and causes fatal diffuse inter-
stitial pneumonia, especially in cases of low immunity. Experimental in-
fection with P. carinii was induced by immunosuppression of rats that ac-
quired the infection naturally after once, with 2 mg/L dexamethasone
sodium phosphate with 500 mg/L tetracycline hydrochioride in daily
drinking water. Thirty-nine albino rats obtained from laboratory colony
(200 - 250 gm each) were used. They were sacrificed 1, 2 and 3
months after starting drug administration. Lungs were macroscopically
examined and then, smears were taken and stained with Giemsa and to-
luidine blue O stains. Examination of lungs of rats sacrificed | month-post
drug administration revealed no changes, while, lungs of rats sacrificed 2
and 3 months post-drug administration showed congestion and appear-
ance of greyish-white nodules on the lung pleura. Lung smears stained
with Giemsa from such rats showed different developmental stages of P.
carinii such as the trophozoites, small and large, the precyst and the ma-
ture cysts. Lung smears stained with toluidine blue O stain showed the
cystic stage only.

A survey study on 27 rabbits, 3 dogs, 7 sheep, 5 goats, 10 hors-
es, 33 cattle and 16 camels was carried out. Lung smears examination
of these animals revealed that 4, 2, 3, 1, 4, 3 and 0 were found positive
to P. carinii. The zoonotic importance of the parasite was discussed.

INTRODUCTION

Pneumocystis carinii is the prime opportunistic pathogen of our time. It is cur-
rently classified as a protozoan parasite subphylum Sporozoa and Class Haplospora
(Long et al., 1975). The organism is widely distributed occurring in a number of animals
and is considered to be zoonotic. It is an air-borne infection and latent infections are
common (Soulsby, 1982). P. carinii produces a fatal diffuse interstitial pneumonia in in-
fants and children with altered host resistance due to prematurity or debilitating dis-
eases, also, in immunosuppressed patients including cases of acquired immunodeficien-
cy syndrome (AIDS) (Gattell et al, 1996). As well, P. carinii occurs in increasing
number in patients receiving massive doses of anticancer drugs, antibiotics and anti-
immune drugs against leukaemia and malignant lymphoma. Moreover, the prevalence
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and advance of immunosuppressive therapy after organ transplantation have resulted
in many cases with Pneumocystis (Yamaguchi, 1981). Consequently, this protozoon de-
velops in both children and adults, and is secondary to some predisposing diseases (El-
Gebaly et al., 1996). Concerning animals,P. carinii has been observed in numerous
mammals including guinea pigs, mice, rats, rabbits, goat and sheep (Hughes, 1987 and
Smith, 1996). The role of animals in human infections has yet to be clarified. The dog
is considered to be an important reservoir host, however, in institutions (e.g. Orphanag-
es) where the infection is endemic, mice have been found to have the parasites in their
lungs (Soulsby, 1982).

Therefore, it seems that P. carinii infection in humans is a zoonosis acquired from
the infected lungs of a variety of animals. For these reasons, it is important to throw
light on the prevalence of P. carinii in some animals as well as the morphological forms
of the parasite that can be recognized during its life cycle.

MATERIALS AND METHODS

During these studies, both experimental infection of rats and survey studies
among some mammals were carried out.

. Experimental infection of rats

Thirty-nine albino rats were obtained at 3-4 months old (200 - 250 g in weight)
from the maintained colony of Animal Health Research Institute (AHRI), and were kept
on commercial ration and fresh and clean water provided ad libitum. They were divided
into three groups, (group |, Group Il and group Ill), each of thirteen rats. In each group,
8 rats were immunosuppressed and 5 rats were left as control.

Pneumocystis-pneumonia was naturally acquired by rats after immunosuppres-
sion with daily drinking water containing 2 mg/L of dexamethasone (Amirya for Phar-
maceutical Industries, Alexandria, Egypt) supplemented with 500 mg/L of tetracycline
hydrochloride (CID Laboratories, Giza - Egypt) (Oz et al.,, 1996). Each rat was expected
to consume 30 - 50 ml of water per day till sacrifaction.

All rats of group |, Il and Il were sacrifced 1, 2 and 3 months, respectively after
starting the immunosuppression. Lungs of both infected and control ones of each
group were examined macroscopically, smears from them were taken, stained and then,
compared with each other. The morphology of the different developmental stages was
observed, measured by the ocular micrometer and then, illustrated.



MAGDA ABD EL-HAIl EL-REFAIl 357

Giemsa stain and toluidine blue O stain were used, and the comparison between
the two stains was carried out. The different stages were identified after Yamaguchi
(1981).

Il. Survey studies

Random lung samples from 27 rabbits, 7 sheep, 5 goats, 33 cattle, 16 camels,
10 horses and 3 dogs were surveyed. Lung samples of rabbits were obtained from pri-
vate poullry seller, those of horses and dogs were from the Police Academy, while,
lungs of sheep, camels and cattle calves were obtained from Cairo Abattoir at El-
Bassatine. Among cattle samples, twenty-three of them were from condemned lungs
showing congestion. Lungs of goats were obtained from private owners.

Smears from each of the collected samples were examined and treated as men-
tioned with rat smears.

RESULTS
I. Concerning the induced experimental infection

The lungs of immunosuppressed rats became heavily infected by different stages
of P. carinii 2 - 3 months after starting the immunosuppression. Infected lungs of group
Il 'and 11l showed congestion and the appearance of greyish white nodules scattered allo-
ver the pleura of lung, while, lungs of control rats of both groups appeared normal, pink
in colour without any nodules. Lung smears of infected lungs of group Il and Il stained
with Giemsa stain, showed different stages of P. carinii. Among these stages, there
were oval small trophozoites 1.25 pm (Fig. 1), large trophozoites 3.75 X 2.5 um (Fig.
2), the stage of binary fission 5 X 4.26 um (Fig. 3), the ovoid precyst 6.25 X 5 um
(Fig. 4), the ovoid development cyst which contained 4 daughter sporozoites and
measured 5 X 3.75 pym (Fig. 5). Also, the development cyst was observed with 8
daughter sporozoites surrounded by an unstained halo, and measured 5 um (Fig. 6),
and finally, the mature cyst observed contained 8 banana-shaped sporozoites and
measured 3.75 - 5 um (Fig. 7). Only Giemsa stain could demonstrate the sporozoites
and trophozoites, both of which had a purple-red nucleus and faint bluish cytoplasm,
while, toluidine blue O stain stained only the cystic stage which took a light purplish col-
our against a yellowish-green background (Fig. 8).

Concerning rats of group 1, no changes could be seen grossly on lungs or in
stained samples.
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Il. animals surveyed for P. carinii

The results are shown in Table 1. Seventeen (16.8%) different animals out of
101 showed the various developmental stages of P. carinii during examination of their

lung smears stained with Giemsa stain.

Table 1. The results of microscopical examination of lung smears of different animals.

Animals Number of lung samples | Number of positive cases
Rabbits 27 4

Dogs 3 2

Sheep 7 3

Goat 5 1

Horses 10 4

Cattle 33 3

Camel 16 -

Total 101 17

DISCUSSION

Pneumocystis carinii is a protozoan zoonosis. Initially, the infection is subclinical
and does not become clinically evident until the person becomes immunodeficient. The
parasite was the commonest cause of fatal interstitial pneumonia in the immunosup-
pressed patients (Gattell et al., 1996) This pneumonia was rarely encountered in immu-
nologically normal human, however, serological surveys indicated that at least 75% of
healthy individuals had acquired antibody of P. carinii (Hughes, 1982). The spectrum of
possible infections in man and animals is broad due to the easy way of transmission, as
it is an air-borne infection.

Concerning the classification of P. carinii, Faust et al. (1975), placed it in the
sporozoa with relationship to Toxoplasma. As well, Hasleton et al. (1981), considered it
a protozoon because it had both cyst and trophozoite stages during the development.
Soulsby (1982) stated that P. carinii showed association with the protozoa and also
with fungi. Later on, P. carinii had been compared with 382 eukaryotic organism by 5S
ribosomal RNA sequence analysis, as a result, recent data suggested that Pneumocystis
was closely related to Rhizopoda (amoeba) and Myxomycota (Watanabe et al., 1989).

Murphy et al. (1977), studied the various stages of P. carinii during its life cycle
by scanning electron microscopy. They stated that the sporozoites were intracystic
bodies released from the cyst and measured 1 pm in diameter each, trophozoite was
the extracystic form from the point of detachment from the cyst and measured about
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3 pm in diameter, while, the cyst was round or oval and averaged 4 - 8 um in diameter.

Yamaguchi (1981) proposed the different stages of P. carinii that can be en-
countered during its life cycle. He stated that it began with mature cyst which gave
sporozoites. The sporozoite changed to give small trophozoite, then, large trophozoite.
By binary fission, it gave the precyst, then, the development cyst which contained
daughter trophozoites that did not exceed 8 in number.

In this study, ‘all stages were recorded between 2 and 3 months post-
dexamethasone and tetracycline administration. There were oval small trophozoites
1.25 um, large trophozoite 3.75 X 2.5 um, the stage of binary fission 5 X 4.26 um, the
ovoid precyst 6.25 X 5 pm, the ovoid developmental cyst which contained 4 sporo-
zoites and measured 5 X 3.75 um, as well as, the developmental cyst with 8 sporo-
zoites surrounded by an unstained halo and measured 5 um, then finally, the mature
cyst which contained 8 banana-shaped sporozoites and measured 3.75 - 5 um. These
stages were similar as those described by Yamaguchi (1981).

Concerning the induced experimental infection in rats, this was adopted as that
followed by Oz et al. (1996), who continued to give combination of dexamethasone
and tetracycline hydrochloride in drinking water for 2 - 3 months. They stated that the
lungs of rats became heavily infected with P. carinii cyst 7 - 8 weeks after starting the
immunosuppression.

Concerning staining preparations, they varied greatly in their ability to reveal
structure and stages of Pneumocystis organism. Giemsa stain was the only stain that
could demonstrate the sporozoites and trophozoites, but not the cyst walls. On con-
trary, toluidine blue O stain was a cyst wall stain (Ash and Orikel, 1990). The smallness
of the different stages, except the mature cyst, was contributed to the difficulty of
distinguishing them from artifacts. However, the demonstration by Giemsa of eight
sporozoites surrounded by an unstained halo, which represented an intact cyst, was
considered the most reliable evidence for the diagnosis of P, carinii.

It is noteworthy to mention that the prevalence of infection with P. carinii in dif-
ferent animals revealed that camels were refractory for the infection, this may be due
to the great resistance of camel and his high immunity that enables him to survive
among the desert conditions of life.
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Fig. 1. Small trophozoites of P. carinii in lung of rats. X 1250.

Fig. 2. Large trophozoite of P. carinii in Fig. 3. Stage of binary fission of P. cari-
lung of rats. X 1250. niiin lung of rats. X 1250.
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Fig. 4. Precyst stage of P. carinii in F[. 5. he development cyst of P. ca-

lung of rats. X 1250. rinii containing 4 daughter spo-
rozoites in lungs of rats. X
1250.

§ o % 44
Fig. 7. Mature cyst of P. carinii contain-
rinii containing 8 daughter spo- ing 8 sporozoites in lungs of
rozoites in lungs of rats. X rats. X 2000.

1250.

Fig. 6. The development cyst of P. ca-
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Fig. 8. Cyst stage stained with toluidine blue O stain recovered from lung of rats. X
1250.

Fig. 9. Cyst stage of P. carinii from Fig. 10. Cyst stage of P. carinii from
tung of horse. X 1250. lung of rabbit. X 1250.
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