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Abstract. Two distinct strains of Schistosoma malayensis exist in Malaysia (designated the Baling and
Koyan strains). Both these strains show intraspecific variations in pathology (Greer et al, 1988). To
evaluate the differences in the pulmonary pathology resulting from infections of the two different strains
of Malaysian schistosome, a total of 20 experimental rabbits were infected, 10 each with cercariae of the
Koyan strains. Pathological changes were studied over a period of 28 weeks. Granulomas in the lung
occurring as a result of infection with the Baling strain were compared with those caused by infection with
the Koyan strain. Although both strains produced parenchymatous and alveolar lesions, granulomas
caused by the Baling strain of Malaysian schistosome were more numerous and larger (when comparing
mean diameter as well as area of granuloma, p<0.05). In addition, pulmonary vascular hypertensive
changes were present in Baling strain infected rabbits. These comprised of pulmonary arteriolar endothelial
swelling and damage, intimal elastosis and medial hypertrophy. Angiitis and pulmonary periphlebitis
were also noted occasionally. In contrast, Koyan strain infection resulted in fewer and smaller granulomas.

Pulmonary vascular changes were minimal.

INTRODUCTION

The pulmonary lesions in schistosomiasis occur
in both the early stages of schistosomal infection
(during the passage of larvae through the lungs) as
well as in the late chronic state of infection, fol-
lowing the deposition of ova and migration of
worms into the lungs. Pulmonary involvement is
one of the most frequent extra-hepatic-intestinal
complications of infection with Schistosoma man-
soni and S. haematobium in man, with severe
forms leading to cor pulmonale (Kucsko, 1953;
Kuida et al, 1957; Chaves, 1966). This involvement
of the lungs is almost invariably preceded by severe
hepatosplenic disease with the establishment of
portal systemic collateral circulation (Shaw and
Ghareeb, 1938; Faria, 1954). Although Inokuchi
et al (1979) reported on the occurrence of schisto-
somiasis japonica outside the hepato-intestinal
tract in man, the development of cor pulmonale is
rare (Ninomiya, 1970).

Experimental animals such as mice, rabbits
and monkeys have been used to investigate the
detailed pulmonary pathophysiology of schistoso-
miasis. Literature on pulmonary schistosomiasis
in experimental animals infected with S. japonicum
is rare. The lesions in rabbits have been reported
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by Miyasato et al (1984), Ninomiya (1970), Cheever
et al (1980) and Inokuchi et al (1979). Miyasato et
al (1984) carried out a detailed pathological analy-
sis of pulmonary schistosomiasis japonica in rabbits
and found that these animals served as excellent
experimental models. There workers classified
lung diseases into four categories according to the
severity and extent of the pulmonary lesions. The
existence of two strains of S. malayensis, a new
species, has recently been published (Greer et al,
1980; Yong et al, 1985; Shekahar and Pathmana-
than, 1987; Greer et al, 1988; Shekhar, 1987). Our
work has shown that significant pathological dif-
ferences exists between the two strains particularly
with reference to pathological changes in the liver,
spleen, intestines and kidneys (Shekhar, 1990).
The purpose of this investigation is to document
the pulmonary lesions occurring in rabbits result-
ing from infections from both strains of S. malay-
ensis in rabbit models and to determine how these
compare with the lesions caused by other schisto-
some species.

MATERIALS AND METHODS

The Koyan strain of S. malayensis was obtained
from Robertsiella kaporensis snails and the Baling
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strain from Robertsiella species maintained at the
Division of Parasitology, Institute for Medical
Research, Kuala Lumpur. All snails were field
collected and the cercariae used represented pools
from many maintained in several cultures. They
had been maintained under 12 hours of darkness
and 12 hours of daylight. Ten rabbits were infected
with the Baling strain and another ten with the
Koyan strain. 3 rabbits were used as controls. All
rabbits were six-month old female inbred local
strains, 2 - 2.5 kg in weight and were maintained
on pellet diets and water. The animals were anes-
thetized with Ketalar (Ketamine hydrochloride-
Parke Davis) at an anesthetic dose of 25 mg/kg
body weight. Using a stereoscopic microscope
(Nikon), 250 cercariae from the same pool were
counted, picked up using a wire loop, and placed
on the shaved abdomen of these rabbits. In order
to ascertain whether or not an equal distribution
of the sexes of the parasite has been achieved, 20
mice for each rabbit were infected with 25 cercariae
each from the same pool of petri dishes. The mice
were killed 42 days after exposure. The worms re-
covered from the mice were sexed and totalled by
group. The feces were collected daily 30 days after
infection to determine patency. Animals were killed
at the end of 28 weeks with an overdose of sodium
pentothal. The lungs were dissected, observed
grossly, fixed in buffered 10% formalin, and sub-
sequently processed and embedded in paraffin
(Paraplast + +). Sections of lungs were cut at 4-5
microns and stained in Haematoxylin and Eosin.
In addition, multiple sections of the same organ
were stained with Masson’s trichrome, Martius
scarlet blue, Van Giesen and Periodic Acid Schiff.

RESULTS

Pathological observations

Gross pathology: The lungs of all infected rabbits
appeared edematous, congested and hemorrhagic
with focal atelectasis. The lungs were pinkish
white and firm in consistency. Numerous miliary
granulomas ranging in size from 0.1 - 2 mm were
visible sub-pleurally, especially in the mid and
lower zone of both lungs. No adult worms were
detected when lung tissue was sliced, crushed and
examined under the stereoscopic microscope.

Microscopic pathology: Lesions were present in
‘both groups of infected rabbits but large florid
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epithelioid granulomas were prominent in animals
infected with the Baling strain. Maximum and
minimum granuloma areas and diameters for
both the strains are shown in Table 1. Mean granu-
loma sizes induced by the Baling strain was signifi-
cantly larger (p < 0.05). Other pulmonary lesions
consisted of alveolar septal thickening, with diffuse
interstitial inflammation and a polymorphous
infiltrate of neutrophils, epithelioid macrophages
and eosinophils. Many foreign-body type giant
cells with phagocytosed ova were present in the
epithelioid granulomas, surrounded by eosinophils,
lymphocytes and plasma cells (Fig 1). Heavy pig-
ment deposition was seen extracellularly in the
alveolar septae as well as within macrophages.
Fibrosis of the periphery of granulomas was already
established at 28 weeks.

A significant pathological change in Baling
strain infected rabbits was noted in the pulmonary
arterioles, with the majority of blood vessels
showing medial hypertrophy. Many granulomas
were located adjacent to blood vessels, particularly
around small pulmonary arteries and arterioles.
Vaxculitis and periarteritis and occasional phlebi-
tis were present. Rarely, epithelioid granulomata
were noted encroach upon the wall of a pulmonary
artery (Fig 2). The blood vessel walls showed mus-
cular thickening and the adventitia was infiltrated
by eosinophils and mononuclear cells. Mild medial
hypertrophy of the small caliber vessels, particularly
arterioles was evident. Angiitis and endothelial
hyperplasia were observed in many vessels. In
advanced lesions, the intima was thickened with
fibroblastic proliferation, and disruption and of
the elastic lamina often best demonstrated with

Fig 1—Rabbit lung, hematoxylin and eosin, x 400.
Early granuloma formation with multi-nucleate
foreign body type-giant cells phagocyto sing ova
(E). A peripheral collar of eopsinophils, plasma
cells and lymphocytes is present. .
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Table 1

Measurements of pulmonary granulomas in rabbits infected with the Baling and Koyan strains of
Malaysian schistosomes.

Strain Minimum area Maximum area Mean area

Minimum diameter Maximum diameter = Mean diameter

) 1) 1) (D) ) )
Baling 69.14 12255 432 + 2538 10.17 54.16 269 + 9.98
Koyan 440.28 8217.5 2140 + 1940.9 25.81 118.94 59.0 + 24.88

Number of granulomas measured for Baling strain =
Number of granulomas measured for Koyan strain =
*p<0.05

Fig 2—Lung, hematoxylin and eosin, x 200. Epitheloid
granulomata (E) are seen encroaching onto the
adventitia of a pulmonary artery. Intimal hyper-
plasia with medial hypertrophy (m) with chronic
lymphocytic infiltrate at the media and intima
interphase is seen ({J)

Fig 3—Small pulmonary artery, hematoxylin and eosin.
x 400. Medial hypertrophy with intimal proli-
feration of fibrous tissue & The lumen is nar-
rowed and slit-like (E).
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Fig 4—Hematoxylin and eosin, x 200. Pulmonary
arteriole with plexiform lesion in Baling strain
infected rabbit.

Masson’s trichrome (Fig 3). Often there was asso-
ciated medial muscular loss, atrophy and replace-
ment fibrosis. Angimatoid and plexiform lesions
were present (Fig 4) and intraluminal extension of
mural granulomata occasionally resulted in throm-
bosis. Granulomatous pulmonary arteritis other
than that involving terminal pulmonary arterioles
were rarely present. Clinically, no animal appeared
to have cor pulmonale.

In the Koyan strain infected animals, granulo-
mas were fewer and septal inflammation mild.
Most epithelioid granulomata were smaller, were
composed primarily of epithelioid cells, and did
not have eggs within them.

DISCUSSION

Pulmonary schistosomiasis is usually asso-
ciated with severe liver lesions and an established
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porto-systemic collateral circulation (Shaw and
Ghareeb, 1938; Faria, 1954). The occurrence of
hepatosplenic schistosomiasis including porto-
systemic collateral circulation in mice infected
with S. mansoni has been reported (Warren and
De Witt, 1958; De Witt and Warren, 1959). Partial
portal vein ligation four weeks after exposure to
cercariae of S. mansoni caused the formation of
many granulomata and severe pulmonary arteritis
in mice (Warren, 1964). In the lungs, it is assumed
that the pathological lesions result as a consequence
of widespread egg embolization. Pulmonary
lesions are predominantly vascular (Shaw and
Ghareeb, 1938). The obliterative endarteritis and
arteriolitis are considered the dominant cause of
the pulmonary hypertension and pathological
lesions associated with it (Faria, 1954). Medial
hypertrophy of the small and medium - sized mus-
cular arteries and muscularization of the arterioles
were common findings in human cases infected
with S. mansoni (Spencer, 1950). The striking
lesion of severe hypertension was a plexiform and
angiomatoid lesion. In the present finding, the
macroscopic features of the lungs infected each
with both strains of S. malayensis were similar to
the findings of Miyasato et al (1984) of pulmonary
lesions induced by S. japonicum. Microscopically,
rabbits infected with the Baling and Koyan strains
of S. malayensis developed parenchymatous gran-
ulomatous pulmonary lesions and the granulomas
produced by the Baling strain were larger and
more florid. However, vascular hypertensive
features were noted with regularity in only Baling
strain infected rabbits. Similar findings were noted
in rabbits infected with S. japonicum (Japanese
strain) using a cercariae dose level of 300-2000
and sacrificed 48 to 400 days after infection (Mi-
yasato et al, 1984). Cheever et al (1980) reported
that arterial changes suggesting pulmonary hyper-
tension were rarely present in schistosomiasis and
there was no evidence of diffuse arterial lesions
were reported in rabbits infected with S. japoni-
cum (Japanese strain). In our study, however, as
noted earlier, the Baling strain induced vascular
changes in infected rabbits. Increase of pulmonary
pressure resulting from diffuse granulomatous in-
flammation, obliteration of the vascular bed and
fibrotic occlusion of artieruioles appear to be the
principal pathogenetic pathways leading to the
vasculopathy observed in Baling strain infected
animals.
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