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The object of this note is to place on record for the first time in Indja the
occurrence of what is believed to be the exoerythrocytic schizogony in a malaria
parasite encountered in the Himalayan flying squirrel, Petaurista inornatus
(Geoffrey).1

Seven flying squirrels were examined at Mukteswar (Kumaon Hills; altitude
7,500 ft.) during 1937 and 1948 and six of them showed malaria parasites in their
circulating blood. Five of the animals were autopsied and on the surface of the
liver of all and in the spleen of two of them, numerous whitish or pinkish areas
were encountered, whilst similar areas also occurred on the dorso-median surface
of the lungs of another. The sixth infected animal being kept as a pet by a gentle-
man, was not autopsied but it was examined from time to time, over a period of
one year, for the presence of malaria parasites in its circulating blood and on every
occagion its blood showed gametocytes only. The one found negative for parasites
in its blood showed no lesions in any of its organs on post-mortem examination.

Teased out material from the spotted areas referred to above, showed numerous
small cysts on microscopical examination. In fresh preparations in salne these
bodies appeared as transparent discs with clear thin limiting membrane enclosing
a finely granular mass of protoplasm and some showed in addition a number of
refractile globules scattered irregularly.

In fixed and stained impression smears of liver one could see that these cysts
contained a mass of protoplasm studded with innumerable nuclei (Figs. 1 and 2).
Cysts that had emptied their contents were much shrunken and shrivelled up,
while those in which the merozoites were not fully formed presented a round or oval
disc-shaped appearance (Figs. 1la and b).

A study of the sections of liver showed that these small cysts did not occur
singly but in groups (Figs. 3 and 4) and were arranged more or less in a circle. They
closely resembled the developmental stage of Haemoproteus described by Wenyon
(1926) from Baghdad sparrow., The outer limiting membrane of each small cyst
presented a crinkled appearance. A group was often found to be invaded by
reaction cells. Cysts occupying the central area of a group appeared to mature
and burst earlier than those at the peripheral zone. These cysts, as far as one
could judge, were descrete bodies and therefore could not be compared with what
Garnham (1947, 1948) has described as cytomeres in a growing merocyst (q.v.).

Dr. Wenyon, to whom some of the preparations were forwarded for examination,
commented on them as follows in a private communication to the writer: ‘There
can be no doubt that the reproduction forms resemble those described by Garnham
for Plasmodium kochi but there are certain differences. The large cysts with the

1 The author desires to express his thanks to Dr. Baini Prashad, formerly Director,
Zoological Survey of India, for kindly determining the identity of the squirrel.
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protoplasmic lining and large central vacuole resemble the similar form of P. koch:
but the groups of small cysts have not appeared in the P. kochi infection.’ The
beginning of cyst formation, however, has not been seen. '

Sections of liver also showed cysts as large as 2 mm. in diameter similar to
those recorded by Garnham (1947, 1948) in the liver of monkeys naturally infected
with Plasmodium kocht in Kenya. In the present case, these merocysts, as Garnham
calls them, were also occasionally seen in the spleen. Each of them showed a central
vacuole filled with fluid, a peripheral band of protoplasm studded with nuclei, and
an outer smooth and hyaline cystic membrane (Figs. 5 and 6). There was often an
accumulation of tissue reaction cells round these merocysts but on no occasion
were they seen to invade and destroy the cysts as they did in the case of small cysts.
Rupturing of the large cysts with the liberation of merozoites has so far not been
encountered. It is very probable that large cysts are ‘reserve cysts’ functioning
under some exceptional conditions in the life of the parasite, while the small cysts
represent normal phase in the reproduction of the parasite. While the writer is
unable to offer any explanation concerning the origin of the merocysts, it is certain
that they are neither formed by the fusion of the small cysts nor do they give rise
to those cysts by fragmentation. Impression smears or sections of other tissues of
the body, such as kidney, lymph glands, brain, spinal cord, bone marrow and muscles,
failed to show any reproductive phase of the parasite.

In the private communication referred to earlier in this note, Dr. Wenyon has
pointed out that, in the present case, the gametocytes encountered in the blood
were not different from those of Plasmodium vassali from various squirrels in Annam ;
P, ratufae from ground squirrels; and P. pterop: from bats. In fact, most forms of
gametocytes hitherto encountered in bats, squirrels and foxes closely resemble those
of Plasmodiwm kochi and as none of these had been known to undergo erythrocytic
schizogony, they have been regarded by some workers as closely allied to Haemo-
proteus, although cyst formation, as described above, is unknown in this genus.

The cyst-like bodies occurring in certain organs of Pefaurista inornatus are
considered to be stages in the life-cycle of Plasmodium sp., due to the following
- reasonsi—

(1) Noerythrocytic schizogony was encountered. The only forms of schizonts
seent were groups of small cysts and merocysts.

(2) No other blood protozoa was seen in any of these animals.

(3) The squirrel which was negative for malaria parasites in its circulating
blood was found on post-mortem examination to be entirely free
from lesions on its liver or any other organ.

(4) The developmental stages bore a close resemblance to the exoerythrocytic
schizogony in Plasmodium kochi.

Garnham (1948) has placed P. kochs in the genus Hepatocystes ; this genus having
been created by Levaditi and Schoen (1932) for cyst-like bodies encountered by
them in the liver of a baboon that had died of experimental infection with the virus
of encephalomyelitis. The genus has been redefined by Garnham in view of merocyst
formation constituting an essential phase in the development of kochi. 1t is obvious
that this definition is not adequate for the reception of the species from the flying
squirrel at Mukteswar inasmuch as merocyst formation in this case was found to
take place not only in the liver but also in the spleen, whilst, in addition, small
cysts in groups occurred consistently in the liver and occasionally in the lungs.
The writer is therefore unable to place this species in the genus Hepatocystes and,
as will be presently explained, there are also other reasons for his inability to do so.

In creating the genus Hepafocystes Levaditi and Schoen (l.c.) apparently did
not examine the baboon for the presence of malaria parasites and, therefore, did not
investigate the possibility of these cysts represénting stages in the life-cycle of a
species of Plasmodium. It is also apparent that the name Hepatocystes suggested
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itself to Levaditi and Schoen on account of the liver being regarded by them to be
the exclusive predilection seat for the cysts. Although the finding of these bodies
by Garnham in other organs does not according to the Rules of Zoological
Nomenclature invalidate the name on account of its inappropriateness, it does not
seem necessary to use this genus for the reception of such exoerythrocytic forms
when the case may be more simply met by widening the definition of the family
Plasmodiidae to include them. The creation of a new genus of a blood-borne
protozoa is perhaps best warranted on grounds of the discovery of new morphological
characters in the forms occurring in the circulating blood, for the discovery of some
new phase in their developmental process can hardly be held to alter the generic
identity of such parasites.

The case of kochi may also be met by creating a more appropriate and sufficiently
inclusive generic name not only for this species but also for all forms in which
exoerythrocytic schizogony is known to occur, such as Plasmodium gallinaceum
(vide James and Tate, 1938) and the species from Petaurista inornatus, and in
that event the name Hepafocystes would obviously be sunk as a synonum, no breach
of nomenclatorial rules being involved in such a procedure. Or again, all species of
malaria parasites showing exoerythrocytic schizogony might be referred to a sub-
genus of Plasmodium, instead of being raised to the rank of an altogether new genus.
The present writer prefers the first of the three alternatives and, therefore, places
the newly recorded parasite in the genus Plasmodium, the family Plasmodiidae being
accordingly redefined as follows:—

Pigment forming blood parasites of birds, reptiles and mammals. Schizogony
erythrocytic and in some forms (e.g. Plasmodjum gallinaceum, P. cynomolgi and
P. vivaz) it is alSo exoerythrocytic, while in others (e.g. Plasmodium kochi from
monkeys and Plasmodium sp. from the flying squirrel, Petaurista inornatus) it is
exclusively exoerythrocytic, producing groups of small cysts and merocysts within
the internal organs of the vertebrate host. In these last forms only gametocytes
are to be seen in the peripheral blood. Intermediate hosts, so far known, are
mogyuitoes (species of culex and Anopheles).

The writer is indebted to Dr. C. M. Wenyon, F.R.S., for kindly examining
some of the sections and smears and for his kind comments on them.

SUMMARY.

Exoerythrocytic schizogony, in a malaria parasite encountered in the Himalayan flying
squirrel, Petaurista inornatus (Geofl.), has for the first time been reported from India. Besides
the formation of merocysts as described by Garnham for P. kocki, groups of small cysts were
also found to occur in the liver of infected animals.

Systematic position of malaria parasites having exoerythrocytic schizogony has been
discussed.

It is argued that the case could be met by redefining the family Plasmodiidae instead of
transferring the exoerythrocytic schizogony—bearing malaria parasites to the genus Hepatocystes
as suggested by Garnham. The family Plasmodiidae is redefined as folows:—

Pigment forming blood parasites of birds, reptiles and mammals. Schizogony erythrocytic
and in some forms (e.g. Plasmodium gallinaceum, P. cynomolgi, and P. vivaz) it is also exoerythro-
eytic, while in others (e.g. Plasmodium koché from monkeys and Plasmodium sp., from the flying
squirrel, Petaurista inornatus) it is exclusively exoerythrocytic, producing groups of small cysts
and merocysts within the internal organs of the vertebrate host. In these last forms only
gametocytes are to be seen in the peripheral blood. Intermediate hosts, so far known, are
mosquitoes {species of Culex and Anopheles).
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ExPrAaNATION oF PraTtes IX anp X.

Photomicrographs of exoerythrocytic schizogony in Plasmodium sp., from Petaurista,
nornatus,
Fig. 1. A smear showing group of small cysts.
Fixed in Schaudinn’s fluid and stained by Giemsa. x 54.
(@) Fully formed cysts.
(b) Shrunken and shrivelled up cysts.

F1g.

(32

A fully formed small cyst showing numerous merozoites. X 760.
Fixed and stained as above.
F16. 3. Section of liver showing a group of small cysts. x87-5.
Fixed in Zenker’s (with acetic acid) and stained by Maximow’s Hacmatoxylin and
Eosin- Azur IT stain.
Fic. 4. Same as above, highly magnified. Note the central vacuole in the cyst and the proto-
plasmic mass studded with nueclei. X 760.
Fic. A section of merocyst in the liver,
Fixed in Bouin-Duboscq and Brasil’s fluid and stained by Heidenhain’s haematoxylin
and Chromotrop 2R. x54.
F1G. 6. Same as above: A portion of protoplasmic band studded with nuclei. % 760.
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