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by

A. S. Dissanaike,> P. Nelson> and P. C. C. Garnham’

Two new malaria parasites were: recently described from Macaca sinica.in Ceylon

‘(Dissanaike, -Nelson & Gernham, 1965). Since then, another para51te that. WRS, isolated
earlicr in the year, has been found %to differ in many respects from hitherto reported
species from monkeys. This parasite is described in the present paper, and is named

Plasmodium simiovale n. sp. This name denotes that the parasite is a S1mian counter-

part of the human P, ovale,

Tn March 1955, two toque monkeys, Magaca sinica, were shot near the Mi-Oya river,

by the seven~-mile post on the Puttalam-Anduradhapura road in north-west Ceylon. This

was the same locality from which the original isolations of P. cynomolgi ceylonensis

and P. shortti {Ceylon strain) were wade. . Both monkeys {M 73 and M 74) were negative
by ordinary blood examination, but when blood, taken from the_hearts of ﬁhesg monkeys,
was iroculated into two clean toque monkeys (M 66 and M 68 reéﬁéé%ﬁ%ei&)iéérdsites
appearea after two weeks, M 66 show1ng P. shorttl and another para81te ‘Which seemed

to be "new", and M 68 P. s shorttl alone.
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Blood from M 66 was later inoculated into another laboratory toque monkey (M 78)
and the same two species of parasites appeared. At this stage, chilled blood from
M 78 was sent to the London School of Hygiene and Tropical Medicine and was inoculated
into a Rhesus monkey, No. 377. Table 1 summarizes the isolations and subsequent
transfer of the parasite. Tt will be noted that mosquito transmission got rid of

the P. shortti, and sporozcites of P. simiovale alone appeared. A pure line was

thus obtained and is preserved at the ILondon School of Hygiene and Tropical Medicine

at a temperature of -70°C and maintained by passage in rhesus monkeys.

Sporogonic stages of P. simiovale

Izboratory bred Anophelcs meculipennis atroparvus and A. stephensi, maintained

at a temperature of 26°C, wsre used in the studies. Other than a five-day-o0ld oocyst
(15 p in diameter, with the pizment in lines on the periphery) seen in the gut of

one A. stephensi, no stages were found in this mosquito.

In A. m. atroparvus, oocystis measuring 235-35 W were seen on the seventh day.

The pigment was in the form of dark, discrete grains, arranged in irregular lines.
On the ninth day, the oocysis were 35-45 s The pigment granules were obscure in
some, and concentrated over = small area in others. On the llth day, oocysts
measured 4050 p and sporozoites were present. The sporozoites measured 12-14 g

and invaded the salivary glands on the 13th day.

Blood stages of P. simiovale

The shortest prepatent period after sporozoite infection was found to be 24 days.
After the inoculation of a small quantity of infected blood, parasitaemia could be

detected in five days or less.

P. simiovale exhibits a striking syuchronism of asexual development in the

blood. The periodicity is tertian, and schizonts rupture between 11 z.m, and
noon on alternate days. Schizogony (i.e. division of the nucleus) begins about
twelva hours before this; one hour after rupture of the mature schizontis, only
rings are found in the blood stream. The uninucleate state is thus seen to occupy

three -quarters of the 48 hours' cycle.

The parasite invades mature corpuscles. The young ring forms (about two
hours' old and measuring 1.5 L) ares non-amoeboid, with a round nucleus often

projecting into or lying inside the vacuole. Quite early, the invaded corpuscle
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begins to increase in size (7.5 p instead of the normal 7 | ) and stippling
commences in the erythrocyte, when the parasite is still a small ring. ; A little
later, the surface of the cytoplasm may exudé small dimples, but neither at this
stage nor later is the parasite actlvely amoeb01d'ﬁ‘ it preserves a compact form.
The cytoplasm of the larger rings. soon beglns to show a few vacuoles, which are

such conspicuous features of the older para51te.

At 10 hours, the ring has grown to 3 g, in a corpuscle of 8 ;;, stlppllng 1s
greater, the nucleus is larger and vacuoles are more obv1ous in. bhe cytoplasﬁ. The
infected erythrocyte is now pinker than a normal one and eight hours later (18th hour

of tné cycle), the reddenlng of tne conpuscle is most’str.Klng. . Thls coloratioém-

continues - until the parasite is fgllyfgrown. The trophoz01tes of” tﬁ:s stage are.,

T

4.5 win diameter,’whilé'fhe red: blocd cell is 8.5 pe  Small brownish—yellow gralns
of pigment appear in the.gytoplasm which remains compact, and the central vacuole

begins to disappear.

At 26 hours, the trophozoite has usually entirely lost its vacuole, and the
large nucleus of the parasite is displaced to one side. Pigment granulesiareimpre
numerous and vacuoles more conspicuous, but the characteristic feature of this stage is
the marked distortion of the corpuscle, which becomes oval and/br fimbriated in about
60% of the infected cells. The trophozoite now measures about 5 p and the average

dimension of the cell is 9 p (12 x 7 w).

This effect upon the corpuscle is not absolutely limited to this period of
growtii, but at other times, the distortion is much less frequently seen; it is not
the result of a more rapid drying of the blood film, because films dried immediately
in a current of hot air, do not show the phenomenon to any extent at other times of

the cycle.

At 34 hours, most of the infected corpuscles (9.5 p in size) no longer appear
oval or fimbriated, and they contain large round parasites (7.5 p) with a big
nucleus, many grains of course pigment, and several well-marked vacuoles in the

cytoplasm.
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Eight hours later (42nd hour of the cycle), the uninucleate bodies are
replaced by schizonts, containing two to six nuclei, but little altered in size.
White circular or cleft like vacucles are prominent in the blue staining cytoplésm,
in which the pigment granulcs still remain discrete. The nuclei are particularly

larze and measure 1.1 p - 2.3 J.

The nuclei undergo further division during the next six hours and 12 to 14 are
found in the mature form at noon on the third day. Tha schizont is about 9 g in
size, while the infected cell has enlarged to a diameter of 10 pH. The cell is
usually round, though occasionally it has an oval shape. -Vacuoles are still
conspicuous.and the pigment does not conglomerate until the final separation of the
parasite into merozoites.. Twelve to 1% ovoid merozoites (3 p in length) are
produced and these are usuzlly rather haphazardly arranged around the brownish-yellow
pigment granules, at last clumped together. The erythrocyte at this stage has
been greatly changed and it often balloons out into a large sac before the final

rupture.

The cytoplasm of the parasite throughout schizogony stains a bright blue colour
with a Romanowsky stain, and this is perhaps due to the concentration of all the

pigment into granules, so that none remains in the cytoplasm.

Spherical gametocytes (© p in diamster) appear soon after the establishment of
asexual parasitaemia, and Temales appear to be much more numerous than males, though
the identification of the former is difficult because the large asexual parasites
often nearly fill the corpuscle.before the nucleus starts to divide, and the pigment
remains unclumped until schizogony is completed. The nucleus of the macrogametocyte
lies on the margin of the parasite, and numerous pigment granules, but apparently
no vacuoles are present in the cytoplasm. The microgametocyte stains the
characteristic pink colour with Giemsa's stain and the diffuse nucleus occupies
about a third of the total area of the parasite. The pigment resembles that of the

female.

Course of infection with P. simiovale T

In rhesus monkeys parasitaemia mounts slowly and apparently never reaches a
nigh level; in fact, in nature, the infection is occult and can only be detected
by subinoculation of blood into clean animals. In the rhesus, the density of
parasitaemia, though low, is higher than that attained by P. fieldi in this species
of monkey.
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The duration of the infection is as yet unknown, but at the end of the»seeond
week, the blood plcture becomes much disturbed; :fhere~is a considerable drop.in
the pe}ymorphonuclear leueo;;£e§ and .an- increage in the lymphocytes rand mononuclears,-
but the unusual character is the appearance. of many normoblasts; without, at this:
time, any marked amisocytosis or olher signs of amaemia. In one rhésus:monkey,
on the 13th day of para31taem1a, the blood count was as follows- total red blood

cont: 2 480 000 pen m3 w1th 11 of normoblasts in the nucleated cells,
polymorphonuclear 1eucocytes 2}% lymprocytes 36% larwe mononuclears 30%

The blood changes later become profound; and in splenectomized animals the
monkey dies of severe snaemia; in one instance, a2 moribund monkey-was revived.by

injections of iron.
Discussion - e Lo AR

In the first place, P. simiovale has to be differentiated from the other spééiesu

of malaria parasites found in monkeys in Ceylon. P. fragile is a much smaller
organism, which rapidly erodes the erythrocyte and spends much of its asexual cycle
outside the peripheral circulation. P. shortti is at once identifiable by its

quartan periodicity and lesser degree of stippling. P. cynomolgi ceylonensis

presentsimqfe.ofia“difficulty; because, like -P..simiovale, it produces Schiffner's
dots and has a tertian cycles ‘the new parasite, 'hbWeOef, is not amOEBOid 'énd is
characterlzed by the curious and uhigue.vasuoles in the cytoplasm and the flmbrlatlng
effect on the erythrocyte between the 25th and 28th hours of the cycle. - No-other
mammalian species of Plasmodlum is: known to glve rise to this type of wacuolations

. Wveen e eme o

though a somewhat similar appearance is characteristic of P. matutinum both in its

erythrocytic and exoerythrocytic stages. Another point of distinction between

P, cynomolul and P. simiovale is the greater length of sporogony in thc 1atter (13

days instead of 10 days at a temoera+ure of 26° C) There are other minor differences

which help in dlfferentlac1on, such as the’ 1arge 51ze of the nucle1 (P. simlovalev

2.3 p; P. cynomolgi: 2 W at the two nucleated stage),’ their late division, the

nigh degree of synchronism of schizogony, and retention” of discrete” granules of
pigment until the very end of schizogony. The production of‘12 to 14 merozoites

is less than in most strains of P. cynomolgi.
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P. simiovale bears some resemblance to the human P. ovale, from which it differs

however in the temproary distorting effect on the corpuscle, the lighter colour of
the pigment, the greater number of merozoites, the shorter duration of sporogony

and the non-infectibility of man.

P, simiovale and P. fieldi zppear to possess affinities, although a point of

difference, easy to recognize, is the much greater enlargement of the corpuscle
produced by P. simiovale; moreover, the characteristic eosinophilic masses in the

infected erythroeyte are absent in infections with the Ceylon parasite. The lack of

amoeboidicity is characteristic of both species.

P. simium of howler monkeys in southern Brazil resembles P. simiovale to some

extent, particularly in the prominent Schiiffner's dots and the presence of large
nuclei, but many more merozoites are produced by P. simium, while the pigment is

finer and the cytoplasm more amoeboid (Deane, 1964).
Table 2 gives the principal diagnostic characters of these species.
Summary

A new species of malaria parasite, Plasmodium simiovale, from Macaca sinica

of Ceylon is described in its blood and mosquito stages. This parasite was

transmitted to rhesus monkeys through A.m. atroparvus.

The parasite has a tertian periodicity of a very high degree of synchronism

and apparently has affinities with P. ovale, P. fieldi and P. simium.
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RESUME

. e . . N N . N . S N

’

Plasmodlum lmlovale, aouvellc espece a! hématozoaire simien, a été. -

‘1solee de Macaca sinica de Ceylan. ue presengktraxall dﬁerb<leﬁ.ﬁtadBS';f;

sanguins ainsi que les formes soorogon:mu°s chez L2 mousx,lqve au COLII‘S

de la transmission en laboratoire -au sirnge rhésus par Aropheles -meduli- = -©

pennis atroparvus. Cet hématozoaire a une périodicité tievce trés pro-

noncée et montre des affinités avec P. ovale, P. Tieldi et P. simium.
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PRCCEDURE OF ISCLATION CF P. SIMIOVALE

In Ceylon | Macaca sinica M 75 Negative Macaca sinica M 74 Negative
l l
Macaca sinica M 66 P. shortti and | Macaca siniea M 68 P. shortti
"new" parasite only
Macaca sinica M 78 P. shortti and
.
new'" parasite
In London | Macaca mulatta 377 P. shortti and
57;; P. simiovale
578 j
(- ve)
379 P. simiovale
]
380 P. simiovale
Note: Numbers 377, 378, 379 and 380 refer to rhesus monkeys (Macaca mulatta).

Singie line denotes blood inoculation.
Double line denotes mosquito infection.
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The purpose of the WHO/Mal series of documents is threefold:

(2) to acquaint WHO staff, national institutes and individual research
or public health workers with the changing trends of malaria research
and the progress of malaria eradication by means of summaries of some

relevant problems;

(b) to distribute to the groups mentioned above those field reports and
other communications which are of particular interest but which would not

normally be printed in any WHO publications;

(¢) to make available to interested readers some papers which will
eventually appear in print but which, on account of their immediate

interest or importance, deserve to be known without undue delay.

It should be noted that the summaries of unpublished work ofien represent
preliminary reports of investigations and therefore such findings are subject to

possible revision at a later date.

The issue of a paper in this series does nct theféfore constitute formal
publication and a paper so issued may, with the agreement of the author and WHO, be

published in a WHO periodiczl or elsewhere.

Authors alone are responsible for views expressed in signed articles. The
mention of manufacturing companies or of their proprietary products does not imply

that they are recommended or endorsed by the World Health Organization.



