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ABSTRACT
This work is in five parts: in the first there is a
general introduction and an historical account of the discovery
of malaria parasites of rodents and the elucidation of their
life-cycles.

In Part II the complete iife-cycle of Plasmodium berghei

from Nigeria is described, and its distribution examined.
Important faunal barriers exist between Nigeria and the localities
of named subspecies of P. berghei and because of this, and morph-
ological differences, it is concluded that the Nigerian parasiﬁe
is a new subspecies.

Part III deals with malaria of African scaly-tailed flying
squirrels in the Ivory Coast. Two new species of Plasmodium

are described from Anomalurus peli 5/15 of which had malaria

paraéites. Two out of six A. derbianus also had malaria, but

parasitaemias were too low to identify the parasites. All
anomalurines had pigmented spleens. No malaria parasites were

found in 16 Idiurus macrotis.

In Part IV the concept of the protozoan species and subspecies,
and the taxonomy and origins of murine malaria parasites are dis-
cussed. It is concludeq that, with modifications, genetic defin-
itions of species and subspecies apply well to malaria parasites,
though not to protozoca in which. exchange of genetic material does
occur. The assumptipn that trypanosomatids do not conjugate is

considered not to be conclusive. The taxonomic position of sub-



species of P. berghei is examined and from the morphology and
Carter's work on electrophoretic mobilities of enzymes it is
concluded that P. berghei could be divided into two species, one
from the highlands of Katanga, and the other from the lowland
forests. P. vinckei, on the other hand, may be a cline, or fourA
populations deserving subspecific rank. From the phylogenetic
relationships and evolution of rodent hosts, it is postulated
that, as murine rodents acquired arboreal habits, murine malaria
parasites evolved from those of anomalurids.

Part V is a comprehensive checklist and host index of malaria
parasites, haemoproteids, piroplasms and haemogregarines of rodents
of the World.

In Appendix 1 parasites of flying squirrels; other than

3 3 . - ~
Plasmodium are considered. Descriptions are given of (i)

Trypénosoma denysi in A. peli, (ii) a new trypansome (subgenus

Herpetosoma) in A. derbianus, and (iii) two new haemogregarines

of I. macrotis.
Appendix 2 is work published in 1970 and 1971, offered as

subsgidiary matter.
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When a young natufalist commences the study of a group of
organisms quite unknown to him, he is at first perplexed in de-
termining what differences to consider as specific, and what as
varietal] ce.eeessess But if his observations be widely extended,
he will in the end generally be able to make up his own mind:
but he will succeed in this at the expense of admitting much
variation - and the truth of this admission will often be dis-

puted by other naturalists.

Charles Darwin, 1859
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1:

GENERAL INTRODUCTION

The preéent work reﬁresents a coniinuation of a study of
malaria parasites of rodents begun in 1965. Since that time
results of much of the work have been published including accounts of
(i) field studies on the parasites (Killick-Kendrick, et al., 1968;
Killick-Kendrick & Bellier, 1971); (ii) the collection of strains
in the field and their cyclical maintenapce in the laboratory (Kil-
lick-Kendrick, 1971; (iii) life—cycles in the laboratory-bred hosts
(Landau & Killick-Kendrick, 1966a,b; Killick-Kendrick & Warren,

1968; Killick~Kendrick, 1970b); (iv) the distribution and differ-
ential characters of mufine malaria parasites (Gérnham.gg_gi.; 1967);
(v)4naturally occurring chloroquine resistance (Warhurst and Killick-
Kendrick, 1967); and (vi) the fine structure of primary éxoerythro—
cytic schizonts (Garnhém‘gg'gi., 1969). In addition, a study of the
Nigerian murine malaria parasites was presented early in 1970 in

a thesis for the M.Phil. degree.

Because so much hags already been written, it seems unnecessary
in the present work to repeat .all the methods used in the study of
the life-c&cles of murine malaria parasites. At the risk of repetition
on historical account ig, however, presented to‘serve as a background.

The aspects studied in fhe present work are confined to the
morphology, life-cycles, =zoogeography and systematics of malaria
parasites of rodents. The fine structure of the parasites and

pathology, immunology and chemotherapy are not considered.



Sections IT and V are a departure from the conventional pres-
entation. They are revised and extended versions of parts of the
writer's M,Phil, thesis, and are written as self-contained parts

in a form suitable for submission for publication.
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THE HISTORY OF THE DISCOVERY OF
MALARTA PARASITES OF AFRICAN RODENTS
AND THE ELUCIDATION OF THEIR LIFE-~

CYCLES

The story of the discovery of theAfirst true malaria para-
sifes of rodents by the late Prof. I.H. Vincke is now almost a
legend (van den Berghe, 1954; Garnham, 1966; Bafort, 1971).
in i943, while studying sylvatic mosquitoes in the gallery for-
ests of the Kataﬁgan highlands, Belgian workers found sporozoites

in the salivary glands of many specimens of Anopheles dureni (later

recognized as a subspecies, A.d. millcampsi; see Gillies and de

Meillon, 1968). The identity of the vertebrate host of the para-
site remained unknown until the results of precipitin tests on
blood-meals of wild-caught mosquitoes focussed attention on the
rodents of the galleries.

In February, 1948, a patent infection of malaria was found in

the blood of a thicket-rat, Grammomys surdaster, and the first

strain of murine malaria parasites was established in laboratory

rodents by the inoculation of blood from the wild rat. Vincke and

Lips (1948) described the parasite and named it Plasmodium berghei.

Blood from freshly engorged A.d. millecampsi was found to give rise

to infections in mice (Vincke and Lips, 1948, 1950) and after a

further period of study it was finally proved that sporozoites in



the glands of the wild-caught mosquitoes were those of the parasite
of the thicket-rat (see Bafort, 1971). Two other sylvatic rodents,

Praomys jacksoni and Leggada bella, were also found to be natural

hosts of P. berghei (Vincke, 1954).
- During this work Vincke recognized a second species of parasite
in the blood of a mouse which had been inoculated with sporozoites

from a wild-caught specimen of A. d. millecampsi. Rodhain (1952)

named this new parasite P. vinckei in honour of its discoverer.

There followed a twelve-year period of intense ﬁctivity during
which malariologists in many parts of the world endeavoured to est-
ablish regular cyclical transmissions of P. berghei in the laboratory.
One objective was‘to demonstrate the tissue schizogony so that the
relationships of murine malaria parasites to other species could b;
more clearly understoodf The inoculation of sporozoites from wi}d;

caught A. d. millecampsi into laboratory rodents had shown that the

period of pre-erythrocytic development of P. berghei was only 2 - 3
days (Vincke and Lips, 1950; Vincke and Peters, 1953), and this
remarkably short time led to the suggestion, later found to be
wrong, that the exoerythrocytic development of the murine malaria
parasites was perhaps more similar to that of avian parasites than
of malaria parasites of primates (which were known to have a tissue
schizogony of never less than 5% days).

Yoeli and Wall (1951, 1952) were the first to achieve cyclical
transmiséioh of P. berghei in the laboratory, but the infectivity

of the sporozoites was too low for the demonstration of the complete

16
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life-cycle. Perez-Reyes (1953) and Yoeli et al. (1964) met with
similar partial success,'but most workgrs (e.g. Box et al., 1953,
Bray, 1954; Celaya et al., 195635 Jadin et al., 1959; Michiels,
1963) found that even when sporogony seemed healthy, sporozoites pro-
duced in laboratory-bred mosquitoes were never infective.

Throughout the 1950's it was generally assumed that the distr-
ibution of malaria parasites of African rodents was restricted to the
forest galleries of the Katangan highlands, and that this limited
biotope had resulted in fixed characters which hindered the estab-
lishment of the parasites in mosquitoes other than the natural in-

vertebrate host, A. d. millecampsi (which could not be bred in the

laboratory). A plue that the range of the parasites was wider than
supposed was largely overlooked. In 1954, Bruce-Chwatt and'Gibsén
(1955) found a P. vinckei-like parasite in a rodent, the identity

of which is now in doubt, in Western Nigeria. Unfortunately, the
the parasite was not established in the laboratory, and in spite

of a determined campaign to find it again, the efforts of Bruce-
Chwatt and Gibson were unsuccessful.

A few years later two more malaria parasites of African rodents
were discovered. Within a short time of each qther, Languillon
(1957) in the Cameroons and van den Berghe'gz_él. (1958) in Congo-
Kinshasa discovered'P. atheruri of the brush—failed porcupine,

Atherurus africanus. The natural vector was found to be a cavern-

icolous anopheline, A. smithi vanthieli in the Congo and was probably

A. smithi rageayi in the East Cameroons (Mouchet et al., 1957).




P. atheruri was later found in the Congo-Brazzaville (g andau et al., .
1969),where the vector is thought to be A. caroni (Adam, personal

communication).

In 1958 Pringle (1960) found a new parasite in the blood of a

single specimen of the anomalurine flying squirrel Anomalurus derbianus

(= A. fraseri); he described it and named it P. anomaluri. Neither

P. anomaluri nor P. atheruri were established in the laboratory, and

their discovery contributed nothing to the attempts to demonstrate
life-cycles in laboratory-bred hosts.

Two discoveries in 1964 resulted in rapid advances. Firstly,
persistent attempts by Prof. Meir Yoeli to discover the factors limit-
ing the infectivity of sporozoites of P. berghei in the laboratory
bore fruit and, secondly, Dr Iréne Landau discovered a locality in
the Central African Republic (C.A.R.) where speciméns of a thicket~
rat different from the-one in Katanga were commonly infected with
new subspecies of P. berghei and P. vinckei.

Yoeli visgited Katanga and, in collaboration with Belgian workers,
studied the conditions in the forest galleries. They.were struck
by the low femperature of the biotope,‘noted earlier by Vincke (1954).

Wild-caught A. d. millecampsi with natural infections of P. berghei

were flown to Yoeli's laboratory in New York where the effect of low
temperatufe; on the sporogony of freshly isolated strains of P. berghei
in laboratory-bred mosquitoes was investigated; This led to the
discovery that if the temperature during sporogony was kept below

21°C, sporozoites were constantly infective to laboratory rodents *

*+ (overleaf) (Vanderberg and Yoeli, 1964).



As soon as this was known, Yoeli was able to demonstrate the
complete life-cyle of P. berghei, and to describe the exoerythro-
cytic forms of a malaria.parasite of rédents for the first time
(Yoeli and Most, 1965). The tissue schizonts were, like those of

the parasites of primates, in the parenchymal cells of the liver.

Their rate of growth was found to be remarkably rapid, resulting

in the release of merozoites into the blood only 2 days after the
inoculation of sporozoites.
The second event in 1964, which was to have far-reaching con-

sequences, was the discovery by Mme. Landau of P. chabaudi in a

thicket rat, Thamnomys rutilans, from the Central African Republic
(Landau, 1965). This parasite was recognized as being closely
related to P. vinckei (see Landau and Killick-Kendrick, 1966b),

and was later placed as a subspecies, P.v. chabaudi (see Bafort,

1968). In May, 1965, an investigation of the locality in which

the infected rat had been collected revealed a second parasite in the

same host, resembling P. berghei from Katanga (Landau & Chabaud, 1965).
The two new parasites from the C.A.R. were found to produce

infective sporozoites in laboratory mosquitoes at.higher temperatures

than P. be?ghei from Katanga (ﬁéry, 1968), and complete life-cyles

of both were obtained in A. stephensi (at 24°C) and in white rats

* Bafort (1971, pp 55 & 76) does not believe this is typical of

P. berghei from Katanga. His conclusion is based on the unsound

supposition than an old resurrected strain of P. b. berghei (K173)
is typical of those occuring in Nature, and on the mistaken idea
that the wider tolerance to high temperatures of the sympatric
parasite P. v. vinckei must necessarily apply to P. b. berghei.
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and mice at the very first attempt (Landau and Killick-Kendrick,

1966b). The demonstration of the tissue forms of P. v. chabaudi

was the first of the species P. vinckei.
The second, P. berghei-like parasite of the C.A.R. was named

P. berghei yoelii, in honour of the discoverer of the life-cycle

of P, berghei from Katanga (Landau and Killick-Kendrick, 1966a);
the latter parasite was then désignated as the nbminate subspecies,

P. berghei berghei. It is curious to note that had Prof. Yoeli's

work been delayed, the Anglo-French workers may well have cheated
him of the justly deserved priority of discovery of the tissue
schizogony; they were working with less difficult parasites.

The comparative ease with which P. b. yoelii was cyclically

transmitted in the laboratory enabled the writer and Dr McWilson -
Warren (1968) to demonstrate an unusual facet of the life-cyle of
the species; it was sﬁown that some merozoites from the exoerythro-
cytic schizonts developed directly'into gametocytes with no inter-
vening schizogony in the blood;

During Mme. Landau's study of malaria of rodents of the C.A.R.
she found a number of sghizonts in the livers of.wild-caught
.Thamnomxsz the morpholdgy of which was very different from that of

the primary exoerythrocytic forms of P. b. yoelii and P. v. chabaudi.

(Landau and Chabaud, 1965; Landau and Killick-Kendrick, 1966b).
It was later shown that these forms grew very slowly (Landau, Chabaud
et al., 1968) and that their numbers were increased in the livers

of laboratory-bred African rodents if the animalg were



subjected to low temperatures after the inoculation of sporozoites
(Landau, in press). The slow-growing schizonts appear to arise
directly from sporozoiteé and not to bé a second generation of
tissue forms.

The discovery of the new enzootic locality in the C.A.R. was
followed by new field work in other pgrts of Africa. In Brazza-
ville, Mme. Landau found yet another locality where, again, 2 para-

sites were found in the thicket rat, Thamnomys rutilans (Adam_gg_gi.,

1966). The life-cycles of both have been described and one has

been named P. b. killicki and the other P. v. lentum (Landau,

Michel et al., 1968, 1970).

Early in 1967, Bafort iéolated a strain of P. v. vinckei from

the salivary glands of a wild A. d. millecampsi collected in the

type locality in Congo-Kinshasa. This was only the second occasion
that -this parasite had been found, and the new isolate enabled Bafort
(1967, 1968) to demonstrate the sporogony and tissue schizogony of

P. v. vinckei for the first time, In spite of the intensive work

in Katanga, P. v. vinckei has never yet been found in a wild rodent.

As a direct result of Mme. Landau's field work, the writer went
to Nigeria in 1967 to look for the almost-forgotten P. vinckéi—like
parasite of Bruce-Chwatt énd Gibson. Thg French workers' results
in the C.A.R. and Congo-Brazzaville strongly suggested that the |

‘rodent most likely to be a host of malaria parasites in Nigeria was

Thamnomys rutilans, a species which had not been examined in the

early work in that locality. A P. vinckei-like parasite, believed
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to be the same as the one seen by Bruce-Chwatt and Gibson (1955)

was found in six of these thicket-rats, and a second P. berghei-

like parasite was also discovered in the same host (Killick-Kendrick

et al., 1968). An account of the life-~cycle of the second parasite

forms part II of the present work. The sporogony of the P. vinckei-
like parasite has been described elsewhere (Killick-Kendrick, 1970 a,
b). Bafort (in press) has successfully transmitted a strain through

laboratory-bred A. stephensi and has found the first tissue schizont

of this parasite.
In 1970 an Anglo-~-French field project led to the discovery of
malaria parasites in two anomalurine flying squirrels (Anomalurus

peli and A. derbianus) in the Ivory Coast (Killick-Kendrick and

Bellier, 1971); the parésites, which are described in part III of

the present work, were thought to be different from P. anomaluri

from Tanzania. The appearance of the spleens of the specimens
of anomalurines examined in the Ivory Coast suggested that all had
had malaria, and it now seems as though malaria parasites of flying

squirrels in Africa may be very widespread.
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THE LIFE-CYCLE AND DISTRIBUTION OF PLASMODIUM BERGHEL (NIGERIA)

" In West and Central Africa, three populations of the murine

malaria parasite Plasmodium berghei are thought to be geographically
separated from one another, and have been designated as subspecies

viz: P. berghei berghei Viucke & Lips, 1948 from Katanga; P. berghei

yoelii Landau & Killick-Kendrick, 1966 from the Central African Rep-

ublic; and P. berghei killicki Landau, Michel & Adam, 1968 from Braz-

zaville. Morphological differences in the sporogonic and exoeryth-
rocytic staées of strains from different places (see Landau, Michel, Adam
" & Boulard, 1970) and differences in the electrophoretic mobilities of
enzymes (Carter, 1970) lend support to the notion that geographical
separation is leading to speciation.

In the present Qork, an account is given of the distribution ‘and
life-cycle of P. berghei from a fourth locélity, Nigeria. This pop-
ulation is believed to rep;esent another subspecies for which a new
name will be proposed. ‘To avoid premature use of the name in an un-
published document, the new subspecies is here referred to as Plasmodium
berghei (Nigeria). A brief noteron the life-cycle was published in |

an abstract of a paper given at the 2nd International Congress of

Parasitology, 1970, in Washington, U.S.A. (Killick-Kendrick, 1970a).

MATERIALS AND METHODS

The strain studied, No. N67, is the only strain of P. berghei

(Nigeria) at present established in the laboratory. It was isolated
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in 1967 from a thicket-rate, Thamnomys rutilans, trapped near the

village of Ilobi in Western State, Nigeria (Killick-Kendrick, Shute
& Lambo, 1968). On first isélation by the inoculation of blood
from the wild rat into white mice, the strain was mixed with a P.
vinckei- like parasite which is probably the same as one isolated

earljer in the same locality from a specimen of Praomys tullbergi

by Bruce-Chwatt & Gibson (1955). The P. vinckei-like parasite
from the Thamnomys failed to produce infectiveképorozoites in Ano-

pheles stephensi, and the strain of P. berghei became separated

from the other by the first cyclical passage from mice at the third
blood-passage from the natural host. A detailed history of strain
N67 in the 1abofatory from léé? - 1969 is given elsewhere (Killick-
Kendrick, 1970b). -
Mice used in the present work were from a commercially availgble
outbred line of Theiler's Original strain. They were freeAfrom in-

fection with Eperythrozoon and were fed on a balanced cube-diet.

The rats used were the Wistar strain, and were similarly maintained.
Mosquitoes were bred at 27°C by the methods given by Shute &

Maryon (1966). The strain of A. stephensi was from India, and was

originally established in England by Mr P.G. Shute in 1947.

The growth of oocysts was observed on freshly dissected unsquashed
midguts in normal saline under a coverslip; they were measured with
an ocular scale. Sporozoites in stained smears of infected salivary
glands,»aﬁd microgametes in blood films, were measured by first draw-
ing midlines at a magnification of X3800 with the aid of a drawing;

tube and X2.5 magnifier fitted to a "Wild" M20 microscope. The lengths



of the parasites were then obtained with dividers set against a
scale, drawn from a stage micrometer, to a distance equivalent to
lpgm (Bruce, Hamerton & ﬁateman, 1909; 'Hoare & Broom, 1938). When
drawing midlines no selection was made other than the rejection of
obscured or badly damaged parasites, and all series were of con-
secutively encountered sporozoites or microgametes.

Suspensions of living sporozoites in cold tissue-culture medium
199" were prepared from the salivary glands of experimentally infected

A. stephensi (see Killick-Kendrick, 1971). Numbers of sporozoites

were estimated from counts made in an improved Neubauer counting
chamber.
The methods employed for the demonstration of tissue schizonts

were described by Landau & Killick-Kendrick (1966b).

THE LIFE-CYCLE OF P. BERGHEI (NIGERIA)

Sporogony

The strain was remarkable for the ease with which A. stephensi

became infected, and the constant infectivity of sporozoites to lab-
oratory rodents.

Sporogonic stages at 24°C

Ookinetes were numerous in smears of blood~-meals prepared 18-20
hrs after mosquitoes had fed. In smears stained with Giemsa's stain,
they were broad (3-4um) leaf-like bodies with a mean length of 11.4 2
0.27um (30 ookinetes). The anterior end bore a darkly staining polar

cape. The nucleus lay in the posterior half of the body; by 18 hrs
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10 pm

Fig. 1.

.

Ookinetes of P. berghei (Nigeria) in a
smear of a blood-meal of A. stephensi;

18 hrs (X 3,800).
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the nucleus of the fertilizing microgamete had already fused with
that of the macrogamete. Pigment lay scattered or in one or two
masses anterior to the nucleus and not, as is more usual in other
species, in a posterior position (fig.1 ). ™

On the 4th day after feeding on mice carrying gametocytes,

ococysts were numerous on the midguts of A. stephensi. The pigment

in the ococysts was clearly visible and tended to lie in one p}ace
in short beaded lines, frequently crossing one another (fig. 2).
The ﬁean diameter of 12 oocysts was 19um (15-23um).

By day 5, pigment was no longer visible in the largest oocysts
in which faint whorls were now seen. The mean diameter had now in-~
creased to 25um (17-32um). férowth then became slower. On day 6,
the mean diameter of 25 oocysts was again 25um (16-34pm), and pigmént
was still vigible in the small oocysts and whorls in the large.

‘On day 7, a wide range of sizes was recorded, probably because
some small oocysts had stopped growing. The mean diameter of the
first 20 oocysts seen was 29um (21-39um), but a few much larger oocysts
measuring 47-58pm were later encountered on the same day. Even in
these very large oocysts there Wefe no signs of the formation of sporo-
zoites.

The first finger-like processes of developing sporozoites were
seen on day 8, and on the following day a few oocysts were mature.
Maturing oocysts often had the appearance of cristate cacti, with the
cytoplasﬁ forming convolutions bearing the free ends of developing
sporozoites at right angles in regular patterns. Mature oocysts‘on

the midguts of mosquitoes incubated at 24°C were consistent.in size,



Fig. 2. Nigerian P, berghei: pigment patterns

of oocysts on the midguts of A. stephensi, incubated

. at 24°C3 days 4 and 5.
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and when measured on many occasions their diameter was 50-62um with
a mean of 60um,

Sporozoites first invaded the salivary glands of the mosquitoes
on days 9-11. | In fresh preparations of crushed glands they were
slender, curved non-motile bodies. In a stained smear the mean
length of 50 sporozoites was 16.72 : 0;22pm (10.0—19.5pm). Sporo-
zoites in stained preparations typicalli lay in irregular curves
(fig. 3). The nucleus was‘élongate and often beaded and was usually
situated approximately in the centre of the body. One end of the
sporozoites tended to stain more strongly than the other. From 2500
to 7000 sporozoites per.mosduito were normally harvested from the

salivary glands of experimentally infected A. stephensi incubated at

24°c.,

W

Effects of high and low temperatures on the sporogony

. The effects of low and high temperatures upon the growth of oocysts
and the.production of sporozoites were examined. The results are
summarized in Table 1 .

Sporogony at 21°C In the first experiment; A. stephensi were per-

mitted to feed on three mice three days after thé inoculation of blood
from another mouse with a.sﬁérozoite induced iﬁfection. Unfed female
mosquitoes were removed, and the cage was incubated at 24°C for 24 hrs.
It was known that sporogony was successful at this temperature, and
incubation at 24°C during the formation and migration of ookinetes

ensured that oocysts became established. After the first 24 hrs,

39
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Fig. 3. Midline drawing of sporozoites of P.
berghei (Nigeria) in a stained smear of salivary
glands of A, stephensi (X 3,800).




Batch
No.
(1)

* 170K/A

* 170K/B

x%x 177K/A

*x 177K/B

TABLE 1

Sporogony of P. berghei (Nigeria) in A. stephensi at

21°C, 24°C & 28°C (First 24 hrs at 24°C)

Temp. Infections
of of
sporogohy gut
[+ .
o
21 4/4 + ve > 200
oocysts
24 5/6 + ve >200
oocysts
24 8/9 + ve 100-
250 oocysts
28 3/8 + ve 1 =
50 oocysts

Diameter ' Day
of mature glands
oocysts first
pm infected
70 11 or less
50 11 or less

62 10
60 6

Day
glands
harvested

12

12

12

Mean no. Dose of
of ‘sporozoites
sporozoites i.v. per
harvested mouse
(per mosquito) (2)
1,500 22,000
(30)
2,500 22,000
(40)
6,650 14,760
(74)
194 13,600
(70)

(1) Batches 170K/A and 170K/B were fed upon the same mice before being divided into two groups;
batches 177K/A and 177K/B were similarly infected by feeding on another pair of mice.

(2) All mice became infected.

* first experiment

**  second experiment
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the mosquitoes were divided into two groups, one of which was placed
at 21°C while the other was left at 24°C as a control.

From the dissection of small numbers of mosquitoes, infection
rates were found to be high in both batches, and numbers of oocysts
were always more than 200 (see Table 1 ). On day 8 sporozoites were
forming in the oocysts growing at 24°C, but not in those at 21°C.

The oocysts developing at the lower temperature had reached an un-
usually large size by this day (up to 70um in diameter), compared with
a maximum of only 50um on the midguts of mosquitoes at 24°C. By

day 11 there were mature oocysts in both batches, and sporozoites in
the salivary glands. B 1 /

On day 12, the glands of all surviving mosquitoes were dissected
and sporozoites were harvested. The mean number collected from each
mosquito incubated at 21°C was 1500, and from those incubated at’24°C,
2506i Spérozoites were inoculated intravenously into mice; each
of two mice were given 22000 from each batch of mosquitoes. All
four mice had patent parasitaemias four days after ino;ulation, with
5-10 parasitized cells per field (X100 obj.) of a thin blood film.

The infectivity of the sporozoites of P. berghei (Nigeria) thus
appeared to be gimilar at 21°C and 24°C. The smaller yield of sporo-
zoites from mosquitoes incubated at the lower temperature was due to
a delayed maturation; on the day sporozoites were harvested, there
were many oocysts which had not reached maturity on the midguts of
this batch.

Sporogony at 28°C A second experiment of similar design was performed




to investigate the effect of a temperature of 28°C on the sporogony

in A. stephensi.

Mosquitoes were permitted to feed on two mice eight days after

the inoculation of sporozoites. Unfed female mosquitoes‘were re-
moved and, as in the first experiment, the cage was kept at 24°C for
24 hrs. The mosquitoes were then divided into two groups, one of
which was kept at 24°C as a control while the other was moved to an
insectary at 28°C.

Dissections from day 5 onwards revealed similarly high rates of
infection in both groups (see Table 1 ), but there were fewer oocysts
(1-50) on the midguts of the mosquitoes at the higher temperature than
on those at 24°C (100-250).

On day 6 the oocysts in the mosquitoes kept at 28°C were maturing,
and were much largerAthgn those at 24°C. The mean diameter of 19
oocysts é£‘the lower temperature was 39um (27-46um), but that of 10
oocysts, all mature, in the batch at 28°C was 61um (54-71um). Sp;ro-
zoites were seen in the salivary glands of one out of three mosquitoes
at 28°C, whereas in the control mosquitoes on the same day no glands
were infected, and there were no signs of the formation of sporozoites
in the oocysts.

On day 8 there were sporozoitesvin the glands of 3/3 mosquitoes
of the experimental batch, on the stomachs of which there were only
few unruptured oocysts. Since it was then two days since the first
invasion éf the glands, the sporozoites from this group were harvested

without waiting for infections to mature in the control moséuitoes.



The yield was low, with a mean of only 194 sporozoites harvested
per mosquito. A mouse inoculated intfavenously with 13600 sporo-~
zoites developed a patent parasitaemia on the third day.

On day 9, mature oocysts of the control group attained the
same mean diameter (60pm) as that reached by oocysts of the experi-
mental group three days earlier. Sporézoites invaded the glands
Qf the control group on day 10, and, as before, were harvested two
days later. The yield was mofe than thirty times greater than from
the experimental group, with a mean of 6650 sporozoités collected per
mosquito. Three mice each inoculated intravenously with 147QO sporo-
zoites had patent parasi£aemias three days later.

(The small number of oocysts on the midéuts of the mosguitoes
incubated at 28°C was perhaps due to interference with the penetration
of ogkinetes after the.first 24 hrs at 24°C. In the control group,
ookinete penetration and oocyst formation is presumed'to have continued
beyond 24 hrs. Although the higher temperature much increased the
rate of growth of oocysts, their mean size when mature was the same
as at 24°C (but the range of sizes was wider).

Even wﬁen the lower number of oocysts is taken into account,
the higher temperature appeared to have caused a‘reduction in the

, . \
numbers of sporozoites invading the glands; théy were, nevertheless,
infective to mice. The sporogony of P. berghei (Nigeria) thus seemed

to be adversely affected by incubation at 28°C, but the parasite was

more tolerant than P. b. berghei of the high temperature (see Yoeli,

1965; Wéry, 1968).



A. stephensi were fed on mice carrying gametocytes and were

incubated for 15 days at 23-25°C, The salivary glands of 200 were
then dissected, and.a suspension of sporozoites was prepared in cold
tissue-culture medium 199. From a count of the sporozoites, it was
estimated that the suspension contained 8000 per 0.1 ml. A series

of ten-fold dilutions was then prepared to provide six doses each of
8000, 800, 80 and 8 sporozoites per O.1 ml. Throughout the dissection
and the preparation of the dilutions which took 2 hrs to complete,
tubes containing sporozoites were kept cool with iced water. The sus-
pensions were well mixed and, beginning with the highest dilution,

0.1 ml doses of sporozoites were inoculated intravenously intovfour
groups of six male mice of 15 gm body weight; the 24>inocu1ations took
33 minutes. Blood films from the mice were first examined four days

e

1a£er. The results were:

Mice Doses Blood films at 4 days
184K/1-6 8 sporozoites ' all - ve
185K/1-6 - 8o sporozoités all + ve
185K/1-6 800 sporozoites : all + ve
185K/1-6 8000 sporozoites } all + ve

The six mice given eight sporozoites were kept under observation
for 15 days, but none became infected. The most striking result

was the unexpectedly short prepatent period in all six mice given omnly
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80 sporozoites. In work such as drug trials, in which it is necessary
to infect many mice, doses of only a few hundred sporozoites should
ensure that every mouse becomes infected. In practical terms, this
means that with a yield of 2500 sporozoites per mosquito (the minimum

recorded for P. berghei (Nigeria) in A. stephensi incubated at 23~25°C),

as few as 10 mosquitoes would provide 50 doses of 500 sporozoites.

Primary exoerythrocytic schizdgony

Tissue schizonts were obtained in the livers of white mice and
rats given single intravenous inoculations of suspensions of sporozoites.
The maturation time of the t@ssue stages was found to be approximately
tﬁo days. Seven mice, given sporozoites intravenously, were sacrificed
at hourly intervals 43-49 hrs affer inoculation. Samples of blood |
0.5-1.0 ml in volume were collected from the heart of each mouse, and
were%inocuiated intravenously into a second series of mice. Only those
given blood taken at 48 and 49 hrs became infected, and the minimum
maturation time of the exoerythrocytic schizonts in the white mouse
was, therefore, 47-48 hrs.

To provide material for a comparison of the tissue stages of
P. berghei (Nigeria) with those of subspecies from other localities,
samples of liver were taken from white rates inoculated intravenously
with sporozoites. Three rats were given inoculations of sporozoites

from A. stephensi which had taken infective blood-meals from mice 11

days earlier, Each rat was inoculated with a suspension prepared
from the glands of 30 mosquitoes, and although no count was made,

it may be assumed from later work that each rat received not less than
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75000 sporozoites.

Liver was taken from (i) a rat at 25 hrs at biopsy (by lapar-
otomy) and 50 hrs at autopsy, (ii) a rat at 30 hrs (biopsy) and 36
hrs (autopsy), and (iii) a rat at 45 hrs (biopsy). Primary tissue
schizonts were found only at 36 and 50 hrs. In épite of a search
lasting many hours, no schizonts were seen in the pieces of.liver
taken from the same rats at biopsy (30 and 25 hrs respectively).

The tissue forms were very similar to those of P. b. yoelii

(see Landau & Killick-Kendrick, 1966b), except that (i) the Niger-

ian parasite caused hypertrophy of the nuclei of some infected

parenchymal cells similar to that seen in infections of P. b. killicki
(see Landau et al., 1968), and (ii) mature schizonts at 50 hrs were

a little larger than those of P. b. vyoelii and P. b. killicki of the

same age in the same host.

_ *At 36~hrs the schizonts were oval in shape, and measured approx-
imately 25 x 20um (Plate 1, fig.i ); The parasite completely filled
the host-cell, the nucleus of which was pushed to one side. The
nuclei of infected cells at 36 hrs were affected by the presence of
the parasite, but were not enlarged. They stained lightly and the
nuclear material lay clumped in a few peripheral_masses; this appear-
ance is the same as that seen in some cells infected with older schizonts

of P. b. yoelii (illustrated in Plate 1, fig. 9 of Landau & Killick~-

Kendrick, 1966b).
As with young tissue forms of all murine malaria parasites, the
cytoplasm of the schizonts of P. berghei (Nigeria)stained a deep blue

colour and obscured the nuclei of the parasite; deeply staining
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cytoplasmic flocculi were usually present in 36 hr-old schizonts.
Small indistinct vacuoie; were common, and were most numerous at the
periphery of the parasite lying close to the fine limiting membrane.
The last stages of growth of the tissue forms were observed in
samples of liver taken from a rat at 50 hrs and a mouse at 49 hrs.’
Mean diameters of mature schizonts in the rats were 1érger than those

of P. b. yoelii in the same animal and measured 42-50um (compared

with 37um for P. b. yoelii). 1In large -immature forms the cytoplasmic

masses seen at 36 hrs persisted; they were irregularly shaped and
measured 1 - 3.5um across. The nuclei of these forms remained ob-
scured by the deeply staining cytoplasm. Small vacuoles were a
. common feature, and were oftén more numerous at one side of the para-
site.

The final stages of maturation were the same as those of P. b.
zoéfii... The schizonts shrank a little in size; and in section
appeared to lie in a large vacuole; pseudo-cytomeres arose giving
a mosaic-like appearance (Plate 2, figi,iz) and finally numerous mero-
zoites Qere formed (Plate 2, fig.dii). - These were small round bodies
less than igm,in diameter, consisting simply of a nucleus surrounded
by a fine rim of cytoplasm.

The nuclei of many infepted parenchymal cells became much en-—
larged by 50 hrs, and measured up to 10pm acroés. The nuclear mat-
erial was clumped into a few deeply staining masses, but the rest
of the nucleus stained very palely (Plate 3, fig. ii).

No differences were seen between schizonts in the liver of the

rat and those in the mouse.






Blood stages in white mice (pjate 4)

With a few minor differences, the. morphology of the blood
stages of P. berghei (Nigeria) was the same as that of other sub-
species of P. berghei. Polyparasitism was commonly seen, especially
when parasitaemias were high. The usual predilection for immature
erythrocytes was marked in many mice, but the usual reaction of the
white mouse to infection (Yoeli, 1965), vim. the production of poly-
chromatophils, was absent in about a quafter of the animals, and the
parasites were then in normocytes. These mice suffered severely
from the infection, and their parasitaemias were higher than in mice
with many immature red-cells. Except for the mice which lacked
polychromatophils, there was usually a spontaneous recovery in the
second or third week of infection; mice with heavy ihfections in
normocytgs seldom survived more than two weéks.
3The'sﬁa11est parasites in the blood-cells 6f white mice were
tiny compact bodies composed of a nucleus with a fine crescentic wisp
of cytoplasm. They measured 1.0 - 1.2 pm in diameter. As growth
began, a central vacuole formed and the parasite then adopted the
typical ring form of the genus'Plasmodium; these forms occasionally
had twin nuclear masses.

As growth continued, the vacuole was quickly lost and young ‘
trophozoites were typically round compact bodies with no sign of
amoebiodicity. Very fine grains of golden pigment first became
visible in the late trophozoite as its diameter reached about half

that of the infected cell. No stippling or enlargement of the
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infected cell was seen.
Division of the nucleus was delayed until the diameter of
the parasite was a little more than half that of the host-cell.
Nuclei then continued to divide until 8-16 merozoites were pro-
duced. Schizonts grew until they completely filled the infected
erythrocyte, but just as they matured they shrank leaving visible
a rim of the host-cell. At maturity the golden pigment clumped
into one or two masses, often lying in the centre of the parasite.
Unusually large schizonts measuring 8.5 - 9.0 pum in diameter,
and always filling the host—cell completely were occasionally en-
countered. Such forms had up to 20 nuclei but none was ever seen
to mature. Possibly they Qére aberrant forms resulting from poly-

parasitism.

Gametocytes were indistinguishable from those of P. b.#yoelii
(see‘Wér&,'l968). The:usual sexual dimorphism was seen. The
nﬁciei of the female parasites were smaller,,more compact and more
strongly staining than those of the male gametocytes. The cytoplasm
of the female stained a bright blue colour, whereas that of the male
was pink, tinged with light brown by the finely scattered pigment.
In both macro and microgametocytes, the pigment was a darker golden
colour than in the asexual stages, and lay in discrete grains through-
out the cytoplasm; female gametocytes seemed fo contaiq more pigment
than the males, but this appearance was perhéps due to the fineness
of the piément in the latter parasites. Some gametocytes, especially
the males, contained in a large central vacuole; this may have been

an indication of senility, since vacuolated forms became more numerous



g P Py g e e RN b

10pm

Fig. 4. Drawings of microgémetes of P, berghei
(Nigeria) in a stained film of pj1poq and after
exflagellation (X 3,800),

N4

R
gt e e




as infections progressed.

Exflagellation of male gametocytes in fresh drops of blood
under a coverslip began 6 mins after withdrawal (at 16°C), and was
complete within 14 mins. In stained films, microgametes were seen
as slender, curved bodies with a mean length of 16.8 ¥ 0.29 pm (10

microgametes). More than half bore a small knob at one end (fig 4).

THE DISTRIBUTION OF MURINE MALARIA PARASITES IN NIGERIA
Large surveys by Bruce;éhwatt & Gibson, detailed results of
which are unpublished, and later work by Killick-Kendrick et al.,
(1968) strongly suggest that the principal and possibly the‘only
murihe ﬁosf of malaria parasites in Western Nigeria is the thick;t—

rat, Thamnomys rutilans.

A total of 2617 specimens of nine species of murine rodents
collected at Ilobi and Agege in the Western State have been examined
for malaria prasites by the inoculation of blood into white mice

(Table 2). Six out of 18 Thammomys rutilans from Ilobi were in-

fected with a P. vinckei-like patrasite, and one was additionally
infected with P. berghei (Nigeria). The singie infected Praomys found
earlier in the same place by Bruce-Chwatt and Gibson (1955) was
presumabiy a rare accidental host of P. vinckei ssp. or, as suggested

to the writer by Prof. Bruce-Chwatt, possibly a Thamnomys which




TABLE 2

Murine rodents from two localities in Western State,
Nigeria, examined for malaria parasites by the
inoculation of blood into white mice.

Rodents Agege (1) Ilobi (1) Ilobi(z)

1950's 1950's 1967 Totals

Thamnomys -
| ) , 18(3) 18

rutilans 0 (o]

Dasxmus

incothus 0 1 0 1
Arvicanthis

niloticus 1 8 (e] 9

Lemniscogzs
striatus 37 63 o 100

Hybomys _ ~
trivurgatus 273 6 o} , 279

Praomys ) ‘ (4)
tullbergi 549 . 1038 20 1607 .

Stochomys -
longicaudatus 18 21 1 - 40

Malacomys i
edwardsi 18 21 1 40

Lthurogzs
sikapusi 108 384 . (o} 492

Totals ) 1004 1572 41 2617

(1) Bruce~Chwatt and Gibson (unpublished)
(2) Killick-Kendrick et al., (1968)
(3) Six with malaria parasites

(4) One with malaria parasites (Bruce-Chwatt
and Gibson, 1955)



had been misidentified.

The invertebrate host, which is unknown, is probably one of

three largely‘zoophilic species of Anopheles (cinctus, coustani apd
obscurus) in the enzootic locality. Oocysts which are thought n;£
to be those of a malaria parasite of man have been recorded on the
midguts of two wild-caught A. obscurus in Southern ﬁigeria, but in
another lowland localify, Brazzaville, J.P.‘Adam has some evidence
that the vector is A. cinctus (see Killick-Kendrick, 1971). The
rarity of infections in susceptible rodents other than Thamnomys
sugéeétsrthat theAvectbr lives in close contact only with the
thicket-rat, and seldom feeds on other rodents.

Limits of the geographical range

From the distribution of Thamnomys rutilans, the only known

host .of the new subspecies, in the lowland forests of West and
Central Africa, the range of P. beréhei (Nigeria) appears to be
restricted to Western Nigeria aﬁd is thought not to overlap with
that of the other subspecies of P. berghei. (fig 5).

The coastal forests of West Africa are broken less than 40
miles west of Ilobi by the Dahomey Gap, an area of mixed High
Forest and Savammah which, although of camparatifely recent origin,
forms an important barrier to some birds and mahmals of the High
Forest (Marchant, 1954; Booth, 1954, 1958; Rand, 1951), and from

which thicket-rats appear not to have been recorded. To the north



Figure 5
Map of Africa showing where murine malaria para-
sites have been collected in Nigeria, the C.A.R.,

the Congo-Brazzaville and Katanga.
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of Ilobi, the limit of the range of forest—dwellihg mammalé is
about 40 - SQ miles away where the forest gives way to Guinea
Savannah (see Rosevear, 1953). The sea forms the southern bound-
ary.

In Nigeria to the east of Ilobi, it is assumed from the few

existing records that‘Thamnomxg_rutilans occurs throughout the High

Forest wherever there are suitable habitats (Rosevear, 1953).. There
afe, however, no reports of thicket-rats from the neighbouring West
Cameroons, * where rodents and other animals have been much collected
since tﬁe turn of the century. To investigate the liklihood of the

range of P. berghei (Nigeria) overlapping with that of P. b. yoelii

or P. b. killicki, the writer carried out a search for thicket-rats

on the eastern side of the Rumpi and Cameroon Mountains in October

and November, 1970. By trapping, searching for nests and questioning
farmgés,-hﬁnters and school-children, no evidence of their presence
was found. Rosevear (personal communication) points out that al-
thoughtthere are many suitable habitats (secondary forest and fallow
farmland) in this part of the country, they are of recent origin having
arisen only since the Second World War when exploitation of the High

“Forest began on a large scale. Colonization by thicket-rats in

* In the British Museum (Natural History) there is a specimen
from Eshobi which was said by Sanderson (1940) to be Thamnomys
rutilans. Rosevear (1969 p. 355) has examined the specimen and,
although unable to identify it, concludes it is certainly not
Thamnomys.



Nigeria and Gabon has presumably been hampered by the barriers
formed by the River Cross and the Cameroon Highlands in the west
and the River Sanaga in the eastj these are well-known limits to
the ranges of other terrestrial animals (Rosevear, 19533 Booth
1954, 1958; Schgitz, 1967).

The distribution of P. berghei (Nigeria) in Nigeria must, of
course, be affected as much by the range of the vector és by that
of the vertebrate host. In October, 1970, Dr D.C.D. Happola and

the writer examined 19 Thanmomys rutilans collected from villages

8 miles NNE of Ibadan, Western Nigeriaj; no parasites were found
in thick and thin blood films, and the spleens were not pigmented.
Although the sample of animals is not large, it would be more than

enough to reveal infections in a population of thicket-rats in any

of the three lowland enzootic localities (see Killick-Kendrick, 1971).

It seems as though either the conditions in the places where these
Thamnomys were collected are in some way unfavourable for the trans-

mission of murine malaria parasites, or the vector is absent.

DISCUSSION
It has been suggested that the division of f. befgﬁei into
subspecies is unsound bécause it is based on mérphological and bio-
logical characters which are too variable and overlaﬁping (Bafort,
. Timperman & Delbar, 19683 Bafort, 1970). Landau.gi.él. (1970),

however, believed that a discontinuous distribution of the non-

¢
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migratory rodent hosts has led to the isolation of populations of
parasites in which speciation is occurring at the present time.
Furthermore,.they argue convincingly tﬁat the subspecies of murine
ﬁalaria parasites from three localities are recognizable by the size
of the mature oocyst, the length of the sporozoite and the rate of
growth of the primary tissue stages in'the liver of a standard lab-
oratory animal.

Dissatisfaction with the concept of. subspecies and its application
in zoology is not new; particularly notable is the spirited attack

by Wilson and Brown (1953) which stimulated a series of papers in

Systematic Zoology from workers with widely differing views. Mayr
(1954) believed that the dissatisfaction was usually founded on two
incofrect assumptions: (i) that the subspecies was a definable, bio-
logical unit, or (ii) that it was a category like the species, but
simply oﬁ a lower taxonsmic level. In Mayr's opinion "the subspecies
is merely a strictly uti;itarian device for the pigeonholing of pop-
ulation samples." He had earliér described subspecies as '"geograph-
ically defined aggregates of local populations which differ taxonom-
ically from other such subdivisions of the species" (Mayr, Linsley &
Usinger, 1953), and later emphasized that the geographical distribution

was more important than the degree of taxonomic difference (Mayr, 1963)*.

* A working party which met in Bethesda, U.S.A. in November, 1971,
under the auspices of the Fogarty International Center for Advanced
Study in Health Sciences to consider the status of the lower taxa of
malaria parasites defined subspecies as "infraspecific allopatric
populations of organisms distinguished from each other by clearly
definable biological, morphological and/or biochemical differences."
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Manwell (1957) thought it was not possible to apply Mayr's
geographical definition of a subsﬁecies to parasitic protozoa be-
cause any restriction or.isolation appiied to the host, rather than
the parasite. But, for example, if a parasite is restricted to only
one vertebrate host, its ranQe must be the same as that of its host;
host range of a parasite is broadly analogous to geographical range
of a free-living animal.

By Mayr's definition, P. berghei (Nigeria) can clearly be con-
sidered as a subspecies of P. berghei separated from the other pop-
ulations by past and present faunal barriers including the lower
reaches of the River Niger, the River Cross, the Cameroon Highlands
and the River Sanaga (fig.671. Although none of these barriers
can be coé:%idered today to be insurmountable, all are believed
greatly to have affected the present distribution of mammals, birds
and~treefrogs of the coéstal forest of West Africa (Rand, 1951; Rose~
vear, 1953; Marchant, 1954; Booth, 1954, 1958; Schgitz, 1967;
Jewell & Oates, 1969). In the recent past the montane forest of the
Cameroon highlands was perhaps the most important, and it has been
suggested that at the end of the Gamblian Pluvial in Africa, about
22,000 years ago, mountain forests (and their fauna) in the Cameroons
may have been linked with fhose of the East Afriéaﬁ Highlands and thus
have formed the division between the Upper and:Lower Guinea Forests
(rather than the more recent Dahomey Gap to the west of Nigeria)

(see Moreau, 1933; Rand, 1951).

Marchant (1954), while acknowledging the importance of the



Cameroon Highlands as a faunal barrier, suggested that there was
an even more influential one between Eagt and West Nigeria i.e.
an indentation of the coast before the formation of Coastal Plain
Sands at a point which is now the Niger Delta.

The ecological barriers of West Africa, and an apparent absence
of the rodent host of P. berghei (Nigeria) on the eastern side of
the Cameroon and Rumpi Mountains are evidence of the geographical
isolation of the new subspecies. By Mayr's definition, the?e should
also ideally be some degree of morphological difference between P.
berghei (Nigeria) and other populations of the sﬁecies. In a search
for such differences, special attention was p;id to the length of the
sporozoite because, like the”gametocyte, this is a stage which has
ceased growth until reaching a new host. Its mean length was found
to be remarkably constant, and no statistically significant differ-
enceS’we?e'detected wheﬁ temperatures of sporogony were varied, of
different methods of preparing stained smears were employed.

Since the ranges of lengths of sporozoites of the subspecies
are wide and overlap with one another, the significance of the ap-
parent differences in the means was investigated by conventional
statistical methods. Published data were inadequate for this pur-
pose, and new measurements were therefore made.‘ Stained smears of

sporozoites of P. b. yoelii were prepared from'experimentally infected

A, stephensi. Dr I. Landau kindly contributed smears of sporozoites

of P. b. killicki. Two fresh isolates of P. b. berghei were pro-

vided by Dr J. Bafort; sporogony was obtained in A. stephensi in-




cubated at 19 - 21°C, and dried stained smearslof sporozoites were
prepared.

Representative results of the statistical comparison are given
in figure 7 in the form of modified Dice-Leraas diagrams (Dice &
Leraas, 19363 Davis, 1952, 1969; Hoare, 1956, 1959); the data
on which they are based are given in Table 3 . The diagrams are a
simple graphic way of comparing mensural data. The horizontal
line, which is the range of measurements, represents the extreme
limitg of variation of the sample. The arithmetical mean is rep-
resented by a cross-bar on the horizontal line. The white reptangle
is twice the standard error gf the mean plotted on each side of the
cross—bar. The shaded rectangle represents the standard deviation
of the series, again plotted from the cross-bar.

If the shaded rectangles of any two diagrams do not overlap,

-

at least 84 per cent of the specimens in each sample are separable,
a difference which Hoare (1959) considered Qf subgpecific order in
trypanosomes. According to Trevan (Hoare, 1956), if the white

rectangles of any two diagrams based on samples of more thén 30 and

with the same standard deviation do not overlap, there is a reason-

‘able probability (p = 0.02) that the differences in the means are

statistically significant, the significance increasing with the
distance between the rectangles. Even when samples are of unequal

sizes or have dissimilar standard deviations, if the white rectangles

.do not overlap the probability that the samples are from the same

population is not more than one in twenty (p = 0,05).
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TABLE 3

¢

Mensural data of 50 sporozoites of isolates of

P. berghei from four localities

-subspecies strain locality mean range coeff Stnd Stnd
of dev. error

variation X2
berghei R.L.L. Katanga 10.90 8.0-14.5 14.5%  1.578  0.446
berghei ANKA Katanga 12.04 9.0-14.0 9.1%  1.100 0.312
yoelii 17X C.A.R. 14,72 12.0-17.0 5.9% 0.870 0.246

killicki 1913L B'ville 14.32 10.5-21.0 11.1% 1.590 0.450
killicki 194zZ B'ville 14.94 11.5-24.0 12.0% 1.797 0.508

(Nigeria) N67 Nigeria 16.72 10.0-19.5  9.3%  1.556  0.440

9



The populations examined fall into two groups: (i) P. b.

berghei from Katanga, and (ii) P. berghei subspecies from Nigeria,
the Central African Republic and Brazzaville. Within the first

group, sporozoites of the two strains of P. b. berghei have sig-

nificantly different means (p = > 0,02). Within the second group,
sporozoites of P. berghei (Nigeria) have a mean length significantly

different from that of P. b. yoelii or P. b. killicki (p = > 0.02),

but those of the last two subspecies are indistinguishable.*

Except for the sporozoites of P. vinckei lentum (which measure

19.52 : 0.40 pms personal observation), those of P. berghei (Nigeria)
are the longest of the genus. Apart from this striking morphological
charactér, the new subspecies differs little phenotypically from

the other two from lowland localities. The tissue stages grow

at a slightly faster rate than that plotted for P. b. yoelii or

P. b2 killicki by Landau et al., (1970), and the size of the mature

* There is a discrepancy between my measurements of sporozoites
of P. b. killicki and those of Landau et al. (1968). They gave the
mean length of 20 sporozoites of strain 193L as 18 pm (range 15.5 -
21.0 pm), whereas I found the mean length of 50 sporozoites of the
same strain to be only 14.32 um (10.5 - 21.0 pm) and of strain 1947ZZ
to be 14.94 pum (11.5 - 24.0 um). The explanation is that in the
present study sporozoites were measured strictly in the order in which
they were seen, whereas the French workers selected sporozoites which
were representative of the population (Landau, personal communication).




schizonts in the liver of the white rat is a little larger than

that of the other two. The mean diameter of the mature oocyst of

at 24°C), but smaller than that of P. b. yoelii (75 um) (see Landau

et al. 1970).

Studies on isolates of P. berghei from four separate localities
in Africa have shown that this is a polymorphic species in which
several populations can be recognized. The clearest distinction

is between P. b. berghei from the Katangan Highlands and the three

subspecies from the lowland localities (yoelii, killicki and "Nigeria")

(see Table4 ). The principal vertebrate host of P. b. berghei is

Gramnomys surdaster, while the only known rodent host of the lowland

parasites is the related thicket-rat Thamnomys rutilans. The in-

vertebrate host of P. b, berghei is Anopheles dureni millecampsi, a

o

a mosquito with a very limited distribution (Gillies & de Meillon,
1968) which cannot be the vector of the subspecies from other parts
of Africa where the vectors are unknown. The optimum temperature

for the sporogony of freshly isolated strains of P. b. berghei is

normally lower than that of the lowland subspecies, its mature oocyst

tends to be smaller and its sporozoite is the shortest of all.*

* One old strain of P. b. berghei (no K173) is said not to
fit this description, and to have unusually large mature oocysts and
much longer than normal sporozoites (Bafort, 1970). This strain had
been maintained in the laboratory by syringe passage for over twenty
years, and had long been agametocytic, when it was discovered that sub-
curative doses of chloroquine resulted in the re-appearance of gameto-
cytes and sporogony in the laboratory was obtained for the first time.
Since it is impossible to tell to what degree the strain had been altered




Geographical
distribution:

Principal vertebrate
hosts:

Invertebrate hosts:

Optimum temperature

of sporogony: :

Mean diameter of
mature oocysts:

. Mean length of
sporozoites:

Primary e.e.
schizonts:

Electrophoretic .
mobilities of
enzymes.

Table 4

Differential characters of

P. berghei from highland and

lowland iocalities

Highland strains

Katanga only

Grammomys surdaster

campsi

< 21°C
< 45 pm
< 13 pm

Growth rate slower
than lowland strains

Characteristic

Lowland strains

C.A.R., Brazzaville,
W. Nigeria.

?An. cinctus

24°C
> 50 pum
> 13 pm

Growth rate faster
than highland strains

Characteristic
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The growth rate of the primary exoerythrocytic schizonts of the
nominate subspecies in the liver of a standard laboratory animal,
the white rat, is slower than that of the others, and the size of
the mature schizonts is normally smaller (Landau & Killick-Kendrick,

1966b; Garnham et al., 1967; Landau et al., 1970).

Phenotypically, P. b. berghei is thus seen to differ markedly
from all three populations from 1ow1ané localities. Not surprisingly,
the biotope of this subspecies (the cool Katangan Highlands)‘and its
hosts, both vertebrate and invertebrate,mare also different. There
ig, moreover, evidence from the electrophoretic mobilities of four
enzymes of P. berghei (Carter, 1970) that the nominate subspecies is
very different genotypically from the lowland parasites, and that the
highland and lowland populations no longer share the same gené pool.
This may lead to the berghei-complex being divided into two separate
species, one from tﬁe highlands of Katanga and the other from the low-
land forests of West and Central Africa; in the latter there would

appear to be more than one subspecies.

DIAGNOSIS: PLASMODIUM BERGHEI (NIGERIA)

BLOOD STAGES. Indistinguishable from other subspecies of Plasmodium

berghei. In laboratory rodents there is usually, but not always,

* (contd.) by the long manipulation in the laboratory, it is
perhaps wise not to consider its sporogonic stages to be typical of
the subspecies. Moreover, Peters (personal communication), in whose
laboratory the gametocytes were resurrected, now suspects that the
line of the strain treated with chlorogquine may have been mixed with
P. b. yoelii or P. berghei (Nigeria).
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a predilection for immature erythrocytes; polyparasitism is commonj
ring forms only occasionally have twin nuclear masses; trophozoites
are not amoeboid; mature schizonts almost completely fill the host-
cell, and produce 8 - 16 merozoites; pigment is golden or light

brown; infected cells are neither enlarged nor stippled.

SPOROGONIC STAGES. Exflagellation of microgametes takes place in
6-14 mins at 16°C.  The mean length of the microgametes is 16.8 =
0.29 um. Ookinetes are leaf-like and measure 11.4 by 0.27 ym X 3 - 4
pm;  pigment is anterior to the nucleus. The optimum temperature

of sporogony is 24°C. At tﬁis temperature, the mean diameter of
mature oocysts is 60um; sporozoites first invade the salivary glands
on days 9 ~ 113 and the mean length of sporozoites in stained smears

of ctushed salivary glands is 16.72 = 0.22 pm (range 10.0 - 19.5 pm).

EXOERYTHROCYTIC STAGES. The minimum maturation time in the liver
of vhite mice is 47 - 48 hrs. The mean diameter of mature forms at
49 - 50 hrs is 42 -~ 50 pm; nuclei of infected parenchymal cells are

commonly enlarged.'

HOSTS. The type vertebrate host is Thamnomys rutilans (Peters, 1876)

(Rodentia: Muridae); suitable experimental hosts include white

mice, white rats and laboratory-bred Grammomys surdaster and Praomys

natalensis. The natural invertebrate host is unknown; sporogony

is obtainable in laboratory-bred Anopheles stephensi.
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GEOGRAPHICAL RANGE. Believed to be restrictea to Western Nigeria;
the type locélity is secondary forest and farmland on the edge of
the Ilaro Forest Reserve near the village of Ilobi, Western State,
Republic of Nigeria (longitude 3° O3E, latitude 6° 45N).

Type material will be deposited in the Wellcome Museum, London.

SUMMARY
The life-cycle of strain N67 of a new subspecies of Plasmodium

berghei from Nigeria in laboratory-bred Anopheles stephensi and white

mice and rats is described and compared with that of three other sub-
species of P, berghei. Frog a statistical analysis it is shown that
the sporozoites of the new subspecies are significantly longér than
those of the others; less striking differences are (i) a tolerance’
of P%"befghei (Nigeria)“to higher than usual temperatures during
sporogony, and (ii) the slightly larger size and faster rate of

growth of the tissue stages of the new subgpecies. The mature oocyst

is the same size as that of P, b. killicki.

The type locality of the new subspecies is in Western Nigeria,
and between thi; place and the other localities from which P. berghei
is known there are four faunal barriers of varying importance. It
is suggested that these have led to a geographiéal restriction to‘

the range of P. berghei (Nigeria), and it is thought that the distrib-

ution of the new subspecies is not linked to that of P. b. berghei,

P, b. killicki or P. b. vyoelii. This is supported by the results

of a survey for murine malaria parasites in the West Cameroons. No
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parasites were found, and there was no evidence of the presence of

thicket-rats (Thamnomys rutilans), the natural vertebrate host of

P. berghei sspp. in the lowland localities. The'new subspecies
thus fits Mayr's concept of the taxon: a geographically defined
population differing taxonomicélly from other similar divisions of
the species.

The nominate subspecies stands apart from the others in a num-
ber -of ways (biotope, natural vertebrate and invertebrate hosts, sizes
of mature oocysté and of sporozoites, optiﬁum temperature of sporogony,
and rate of growth and size of the‘tissue schizonts), and it is sug-
gested that current work on the electrophoretic mobilities of enzymes

of P. berghei, which complements morphological studies, may lead to

the division of the P. berghei group into two species, viz. one from

L

the highlands of Katanga, and another from the lowland forests.
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PART III
MALARIA PARASITES OF FLYING SQUIRRELS

IN THE IVORY COAST
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Introduction

In 1967, Mr Pierre Hunkeler of the Centre Suisse in Aﬁidjan,
Ivory Coast, showed the wrifer fixed tissues of two flying
squirrels which he had collected at Bolo, 50 km north of
Sassandra. The spleen and the 1iver.appeared to be pigmented,
and when sections of the spleen were prepared, intracellular
malaria pigment was found. Blood films from the animals had
not been made. A visit was therefore made to the Ivory Coast
in October, 1970, to éearch for malaria parasites of flying
sduirrels.

In the survey, made in collaboration with Mr Louis Bellier
of 0.R.S.T.0.M, Centre A'Adiopodoumé, malarié,parasites, trypan-~
osomes, haemogregarines ard microfilariae were found. A
note of the results haé been published (Killick-Kendrick and
Bellier, 1971); a description of thg malaria parasites is

given in the present section.

Materials and Methods

Locality.

The survey was carried out in farms and secondary forest
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near two villages, Guéboua and Niakousoué (longitude 6° 32" W,
latitude 6° 00" N) in the Lakofa district of the Ivory Coast.
The place was chosen because local hunters said flying squirrels
were plentiful. They were hunted mainly in cocoa and coffee
farms interspersed with tall trees left when theAland was cleared.
A description of the topography and climate of the locality
is given by Bellier and Killick-Kendrick (in press). Briefly,
it lies at about 200 m. above sea-level in the southern densely
forested part of the country. Mean monthly minimum temperatures
at Gagnoa, 30 km. away, are 21-22°C, and mean monthly maximum
temperatures range from 28-33°C. - The rainy season begins in
March (100-200 mm) and reacﬁes a peak in June (200-300 nm);
there is then a lull in July and August (0O-50 mm) followed by an
increase in September, October and November (50-100 mm). The

survey was carried out from 16-23rd of October, towards the end

. of the rainy season.

Flying squirrels

African scaly-tailed flying squirrels are not true squirrels;
they lie in the family Anomaluridae of the suborder Theridomyomorpha.

Two genera, Anomalurus and Anomalurops form the subfamily

Anomalurinae. Idiurus is the single genus of the subfamily
Zenkerellinae (Wood, 1959; Simpson, 1945, 1959).

Descriptions of the forms in West Africa and notes on the little






that is known of their habits are given by Rosevear (1969).

They are strictly arboreal animals which never come to ground
except by accident. It is thought they are wholly vegetarian,
feeding on the fruits, flowers, leaves and bark qf trees. They

are nocturnal, except for Anomalurops beecrofti (Fraser, 1852)

which is said to be most actife in the late afternoon and early
evening. Although this species is known from the Ivory Coast,
no specimens were collected during the survey. Almost every
female of the three species examined in October, 1970, was
pregnant with a gingle foetus; the young would have been born

at about the end of the rains.

Anomalurus peli (Schlegel and Miller, 1885). This animal
is found only in the Upper Guinea Forest west of the Dahomey
Gap. It is the largest of all anomalurids (Plate 5, figs 1,ii );
the weight of the 15 specimens collgcted in the survey ranged
from 1.3-2.0 kg. All were adults, and were usually in pairs.
Most specimens were shot at night as they fed in the forest
canopy, but a few were flushed out of tree holes during the day
by'banging on the trees.

Anomalurus derbianus (Gray, 1842) (= A. fraseri Waterhouse,

1843; see Rosevear, 1969). The range of this animal is from
the Upper Guinea Forest through Central Africa inio parts of
East Africa. It is a smaller animal than A. peli (Plate 6,
figs.i’ii) 3 the six specimens collected in the Ivory Coast

weighed 660~830 gm. They were flushed out of tree holes (Plate 7

cO
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fig i ) during the day and shot. They were always solitary,
and all were adult.

Idiurus macrotis Miller, 1898. This pygmy flying squirrel

has a wide but patchy distribution throughout the Upper Guinea
Forest, and eastwards across the Dahomey Gap into Central Africa.
It is a tiny mouse-like animal weighing less than 30 gm (Plate 8,
fig i ). The 16 specimens collected in the survey were met
during the day roosting in hollow trees = (Plate 8 , fig ii ),

frequently in association with the bat Hipposideros cyclops.

They were smoked out and shot. " All were mature.

Techniques

Immediately the squirrels were shot, blood was taken from
the heart with a syringe and needle. ‘Thick and thin blood
films were prepared and, . because of the high humidity, were dried
with gentle heat. Thin films were fixed momentarily in absolute
methanol and were stained on the éay of preparation in 10 per
cent. Giemsa's stain diluted with phosphate buffered water at
pH 7. 2. Thick films were simulataneously lysed and stained in

~

3 per cent. Giemsa's stain at the same pH for 30 mins.

The Incidence of Malaria Parasites

The results of the survey are given in Table 5; prolonged
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Table 5
Results of the survey of flying squirrels

of the Ivory Coast.

A. ) A. A
peli derbianus macrotis

Plasmodium 2 (o 0
Trypanosoma 6* é 0
Plasmodium +
Trypanosoma 3 2 0
Hepatozoon . 0 0 4
Negative 2~ 1 12
Totals 15 6 1é
* One was also infected with microfilariae morpholog-

ically similar to those of Onchocercella katangensis
of Petrodromus tetradactylus (see Gedoelst, 1916;
Yorke and Maplestone, 1931); the slide is deposited
in the collection of Dr Ralph Muller, Dept. of Medical
Helminthology, London School of Hygiene and Tropical
Medicine. '
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searches of the blood films may yet reveal a few more scanty
infections. , Descriptions of the trypanosomes of Anomalurus spp.
and the haemogregarines of Idiurus are given in Appendix 1.

No malaria parasites were found in 16 I. macrotis, the spleens
of which were apparently normal with no sign of enlargement o¥
pigmentation. Two typical spleené measured 16 X-2 mm and 20 X
1.5 mm.

Patent infections of malaria pafasites were found in 5/15
A. peli and 2/6 A. derbianus. Every specimen, however, had an
enlarged and pigmented spleen suggesting that all were or had
been infected with malaria.»h Measurements of the spleens of 7
A. peli are given in Table 6. The spleen of one A. derbianusg,
which is a smaller animal than A. peli, measured 35 X 10 mm; this
animal (No 70/34) had patent infections of malaria pafasites and
trypénosomes.

The stages of malaria parasites seen in thin films of the
heart blood of the 5 A. peli and 2 A. derbianus with patent
infections are listed in Table 7. Four out of 13 specimens
of é,lggii.collected at Guéboua II had very light infections,
whereas the only é collected at Niakousoué had moderately heavy
infections and provided material for the descriptions given below.
These animals were a breeding pair and were shot in the same
tree during the day. They were only wounded, but the female, No

70/35, collapsed an hour later and died as blood was collected.
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Table 6.

Spleen sizes of 7 Anomalurus peli

with patent infections of Plasmodium (P),

Trypanosoma (T) or both.

Spleen size in mm. . . Survey
(length X maximum width) infection number
| 75 X 28 P T 70/25

70 X 23 * P T 70/37
65 X 22 P T 70/35
65 X 22 . ' T 70/24
60 X 20 - P T 70/22
60 X 18 | T 70/52

55 X 25 P 70/23

* Thickness was 12 mm; weight was 6.7 gm.



TABLE

Stages of malaria parasites seen in the

heart bhlood of infected anomalurines, and

the places of collection

Species and . Stages seen in thin
survey number smears of heart blood
A, peli 1 microgametocyte
70/22

A. peli few rings

70/23

A. peli very fewnfings

70/25 :

A. peli rings, trophozoites,
70735 immature schizonts,

. rare macrogametocytes,
A. peli rings, trophozoites,
70/37 rare immature schizonts
A. peli one ring

70/42 :

A. derbianus one trophozoite

70/34

A. derbianus one trophozoite

70/65 one schizont

Place
collected

Guéboua II

1

1

Niakousoué

Géboua II

Niakousoué

"



The male, No 70/37, was taken alive to Abidjan and maintained
overnight in captivity. Although its wounds were slight, it
was in a weak condition on the next day and was therefore sac-
rificed. Blood, taken from the heart with heparin as an anti;
coagulant, was inoculated intraperitoneally into 3 splenectomized
and 4 intact mice. Smears were pfepared from the lungs, liver,
spleen, kidney, heart and skeletal muscle, and bone~marrow;
they were fixed in methanol and stained in Giemsa's stain.

All six specimens of A. derbianus, two of which had patent
infections of malaria parasites, were collected at Niakousoué.
A single schizont was seen in a film from A. derbianus No 76/65;
it had 16 nuclei and caused no reddening of the host-cell.
The parasitaemias were, however, so low that the parasites

cannot be fully described and given an identity.

Déscription of the Malaria Parasites of A. peli

(
Such striking differences were found in the morphology

of the parasites of the specimens of A. peli collected at
Niakousoué that they appear to be two different species; they
are therefore described separately.

Parasite of A. peli No 70/35

All parasitized cells appeared to be normocytes, the normal

diameter of which was 7-8 pm. The youngest parasites were round
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or oval ring forms lying eccentrically in the host cell and
measuring 2 pm in diameter. The mucleus was peripheral and
lay within the smooth outline of the parasite; twin nuclear
masses were never seen,

Trophozoites were round or oval and compact, with no sign
of amoeboidicity (Pléte 9 , Tig i); The cytoplasm stained
blue, with a darker staining rim. On reaching a diameter of
about 5 um, fine grains of golden pigment lay scattered around
the edge of the parasite. Only one infected cell was seen with
two parasites, both late trophozoites at the same point of
growth (Plate9 , fig ii).

. Although some infected cells were finely stippled (Plate 9,
fig iii), this was probably not caused by the parasite; similarly
stippled but uninfected cells were common in the material ex-

aminéd. The nuclei of asexual forms began to divide as the

diameter of the parasite reached 6 - 7 um (Plate 9, fig iii).

The infected cell then began to stain a dark red colour similar
to but even more striking than that of freshly isolated strains

of P, v. chabaudi (Landau, 1965). A few darkly red staining

erythrocytes were found in all thin films from A. peli but since

these were never infected with rings or trophozoites, the deep
colour of the host cells of schizonts is presumed to be a chénge
caused by the growing parasite and not simply a normal colours;
all schizonts were in reddened cellé (Plate 9, figs iii - vii).

The maximum number of nuclei of the schizonts was 12 (Plate 9 ’






figs vi and vii); one had nuclei budding off at the periphery
of the parasite (Plate 9 , fig vii). Pigment in the late but
still not quite mature schizonts was clumped into one or two
golden masses which were strongly birefringen&}under polarized
light. The host cells of these forms were slightly enlarged
with a mean diametér of 9 um.' Fully mature schizonts were not
found and the number of merozoites produced is not known;

it must, however, be 12 or more.

Two oval macrogametocytes in hypertrophied red cells
measured 12 X 8.5 pme Along one edge of fhe parasites, a
reddened rim of the host cell was.visible (Plate 9, fig
viii). The morphology of the nuclei was unusualjg they
staiﬂed the usual red colour, but were composed of a cluster of
darkly staining dots. The pigment of the gametocytes lay
scattered throughout the blue cytoplasm in fine golden grains.

No male gametocytes were found.

Parasite of A. peli No 70/37

With the exception of a single schizont and rare tropho-

zoites, the only malaria parasites seen in a search of five films

of heart blood from this animal were ring forms. Two of the
films were made on the day of collection, and three on the next

day. The rings were round with a thin wisp of blue cytoplasm






and normally lay near the centre of the host cell. The nucleus
stained deeply and appeared as a single round or oval dot

lying at the periphery, sometimes protruding slightly (Plate 10,
figs i - iii). Cells with double infections were not uncommon
(Platel 10, fig iii).

Later stages were easilyvfound in the smear of the lung (which
was the main site of the erythrocytic schizogony)and to a lesser
degree that of the spleen, but not in smears of heart and
skeletal muscle, bone-marrow, liver or kidney. Trophozoites
were either simply large rings (Plate 10, fig iv) or, as they
grew larger, combact round bodies; Their nucleus was oval
and fine, scanty, almost invisible pigment lay at the edge of
the cytoplasm. The nucleus began to divide after the tropho-
zoites had grown to a diameter greater than half that of the
host'cell. Immature schizonts tepded to be angular in shape
(Plate 10, fig v) and their nuclei stained very deeply ;
lighter patches of red material were seen in the blue cytoplasm.
Compératively little pigment was visible at this stage, tending to
lie in separate tiny grains at the periphery of the parasite.

It was birefringent under polarized light, and formed into
one or two golden clumps just before the schizont became fully
- mature. Mature schizonts produced 6-10 merozoites but the

commonest number, seen in more than three-quarters of the mature
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forms, was eight. The merozoites were angular or round bodies

with a deeply staining nucleus against which lay a tiny

wisp of blue cytoplasm. The parasites caused no enlargement,

stippljng or dark colouration of the host cell, but red cells

containing mature schizonts tended to stain a little more palely

than uninfected cells. No gametocytes of either sex were szeen.
Intact and splenectomized mice inoculated with heparinized

heart blood failed to become infected.

Discussion

The malaria parasites of Anomalurus in the Ivory Coast
lie in the subgenus Vinckeia Garnham, 1964, in which are
grouﬁed 15 species of malaria parasites of mamméls other than
the supralemuroid primates (Garnham, 1966; Lien and Cross,
1968). In the definition of the subgenus, the erythrocytic
schizonts are described, with some excéptions, as small with
8 merozoites or less. This éharacter should perhaps be re-
defined, since there are too many exceptions. Of the 15
named species of Vinckeia the schizonts of 7 are large and have
more than & merozoites (E: cephalophi and P. brucei of duikers;

P. voltaicum of a bat; P. anomaluri of Anmomalurus; P. watteni

‘of Petaurista; and P. berghei and P. vinckei of African

murine rodents). The new parasites from the Ivory Coast are
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also exceptions; both have large schizonts, and those of one
produce 12 or more merozoites.

The parasites of A. peli may be differentiated, one from
the other, by the erythrocytic schizonts. Those of the parasite
of A. peli No 70/35 caused a deep reddening of the host cell
and produced not lesé than 12 merozoites, whereas the schizonts of
the parasite of As EEli No 70/37 changed the host cell very
little, and produced 8 merozoites (range 6 -~ 10). No gametocytes
were present in the blood films from A. peli No 70/37, and
until they are séen, it is not known‘if thé cluster of points
which comprised the nucleu; of thé macrogametocytes in the
blood of A. peli No 70/35 is a useful character to differentiate )
the parasites of the Ivory Coast.

The parasitaemias of the only two infected A. derbianus
were-so low that identifications were not possible. The
parasites of these animals may have been P. anomaluri which Pringle
(1960) described from the same species in Tanzania. It seems
more likely, however, that they were one of the two parasites
of A. peli, but the single schizont seen in the blood of A.

derbianus 70/65 had 16 nuclei and caused no reddening of the host

cell; this slender evidence suggests that the parasites of

From a comparison of the Ivory Coast parasites with P.

anomaluri (Table 8) it is concluded that the parasites of A.
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Table 8

Differences between three malaria

parasites of African flying squirrels

vertebrate host

locality

ring forms

trophozoites

number of mero-
zoites

gametocytes

colour of pig-
ment

colour of host

cell

multiple
infections

Plasmodium
anomaluri*
/\{‘—“——"_——J

Apnomalurugs
derbianus
Tanzania
sometimes

with 2
nuclear

masses

a big ring,

or compact, or
amoeboid often
with 2 or more
vacuoles

8 or more

nucleus with
a "karyosome'

brown

unaffected

absent

Plasmodium sp.

No 70/35
Anomalurus
peli
Ivory Coast
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peli are new. P. anomaluri differs from the parasite of

A. Bgl; No 70/35 by the presence of double nuclear masses in some
rings, the morphology of the trophozoites, the lack of reddening
of infected host cells, the colour of the pigment and the
appearance of the nucleus of the macrogamebocyte. It differs
from the parasite of A. peli No 70/37 by the absence of double
infectiong, the presence of double nuclear masses in some rings,

the morphology of the trophozoites, the colour of the pigment

and probably by a larger number of merozoites produced by mature

schizonts. (which for P, anomaluri Garnham (1966) believed to

be more than eight). B
. The apparent restriction of the erythrocytic schizogony
of the parasite of A. peli No 70/37 mainly to the lungs may be
an important distinguishing feature if it is found to be constant.
Mr R.L. Jacobsen (persbnal communication) examiﬁed lung smears

from one of three specimens of A. derbianus, all infected with

P. anomaluri, which he collected in the type locality in

Tanzania. No schizonts were present, and the preferred site

of schizogony for this parasiie remains unknown. Pringle

(1960) found a few schizonts in heart blood, but none in the peri-
pheral blood.

In the Ivory Coast, anomalurine malaria parasites also occur

in another locality. Soon after the discovery of malaria

pigment in the spleens of Anomalurus from Bolo in 1967, Hunkeler



returned there, collected two more specimens and prepared blood
films; in 1970 the films were sent to the writer for examination.
One was negative, but the other was heavily infected with a
malaria parasite similar to that of A. peli No 70/37. Almost

all the parasites were trophozoites, but a few very small rings
were seen and, after many houfs search, a few immature schigzonts
were found. Even after re~staining,they caused no reddening

of the host cell, No gametocytes were seen.

The results of the survey in Lakoté district, together with
the observations of Hunkeler in another paft of the Ivofy Coast
and Jacobsen in Tanzania, éuggest‘that African flying squirrels
are common hosts of malaria parasites. Rodhain.gi;gl. (1913)
and Schwetz (1933) examined a few in Congo-Kinshasa but did not
record malaria parasites. Since parasitaemias are commonly
veryllow, this observation is not significant. Apart from
those of the Belgian workers and workers in the Ivory Coast
and Tanzania, there appear to be no other reports of the exam-
inations of blood smears of African flying squirrels. No para~
sites of these animals are listed in Bray's (1964) checklist of
parasitic protozoa of West Africa. This is not because the
animals are scarce, but because they are ovérlooked; they are
nocturnal; they aré not hunted for food; and they are not

exhibited in zoos because they are difficult to Keep in captivity.

The transmission of the parasites of Anomalurus warrants
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a special study. They are strictly arboreai, and the natural
vector is presumably an anopheline which lives in the forest canopy
or in tree holes. There are no known canopy-dwelling Anopheles

in Africa (McCrae, personal communicatiqn), but further work may
reveal an African mosquito with arboreal habits similar to Anopheles
cruzi, the vector of P. brasilianum of monkeys in Brazil (Deane

et al., 1971). Until the vectors of the anomalurine malaria
parasites are discovered, the possibility that sporozoiﬁes of
unknown identity in wild-caught sylvatié anophelines may be

those of a parasite of flying squirrels must be borne in mind.
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INTRODUCTION

The concept of the protozoan species

The conventional view 6f an animal species has arisen
from studies on metazoa, and doubt is sometimes expressed as
to whether or not such a view is applicable to protozoa (e.g.
Carter,\1951). But the general conclusions reached by auth-
orities on metazoan taxonomy inevitably affect the thinking of
protozoologists (Coﬂiss,l967), and notions of species of pro-
tozoa have alwayslbeen relafed to those of the metazoan species.
Certainly, no other concept has gained acceptance.. When diff-'
iculties have been met by protozoologists, riew terms apﬁlicable to
populations of protozoa have sometimes been coined (e.g. Sonneborn's
syngens or Hoare's various demes).

Efforts to find an absolute definition of the species taxon,
whether of metazoa or protozoa, are comparable to the search
for the Philosopher's Stone and as likely to succeed. Huxley
(1942) warned that too much should not be expected of the term
species, and it should not be supposed that there is a hard and
fast definition; +there are bound to be border;line cases be-~

cause evolution is usually gradual, and because species arise

Darwin (1872) expressly declined to define a species, and commented



that '"mo one definition has satisfied all naturalists; yet
every naturalist knows vaguely what he means when he speaks
of a species".

Echoes of Darwin can be heard in Tate-Regan's (1926) oft mis-
quoted definition: "a species is a community, or a number of
related communities, whose distinctive morphological characters
are in thévopinion of a competent systematist; sufficiently definite
to entitle it, or them, to a specific n;me. Cain (1963) put it
" more succinctly: " a gpecies is a species if a competent taxon-
onist says it is." This definition shifts the need to define
species" to the need to define "competent" (Huxley, 1942) aﬁd,
while undoubtedly reflecting what often happens, it'ignores- /
the ré;soning behiﬂd the decision; it suggests, perhaps too
facilely, that there is no point in trying to reach a definition.
Tate-Regan's definition could well be attributed to Nbah; since
it was presumably by such arbitrary means that the animals were
selected for the ark.

The early species to be described,and named were, like
palaeontological species , wholly phenotypic in that they were
based on morphology alone; if an animal looked different from
another it was given a different name. From the time of Wallace
and Darwin, the idea slowly grew of the "biolqéical species" which,
in additién to morphology and general biological characters,

greatly depended upon the ability or lack of it for populationsg
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to interbreed freely in natural conditions; the important point
became whether a population shared, or could potentially share;
the gene pool of another. Mayr (1963) defined species as

"groups of actually or potentially interbreeding populations
which are reproductively isolated from other such populations.,"
Similarly, Cain (1963) briefly described a species as "the loﬁest
rank of groups that cannot interbreed in nature". Sheppard
(1967), who doubted that a species coulé ever be defined ade-
gquately, also suggested a definition based solely on interbreeding.
He said: "in general (the species) can be described as a pop-
ulation or group of populations which are capable of exchanging
genes, one with another in nature, if they come into contact."
Emerson (in Riley, 1948, p. 516) defined a species as " a genetic-
ally distinctive, reproductively isolated, natural population."

He added the ihportant gualification that "the genetic distinction
may be morphological, physiological or behaviouristic."

Earlier, Dobzhansky (1937) offered a definition which, unlike
those quoted above, included as a cornérstone the dynamic nature
of evolution of which species are a product. He viewed the species
as "that stage of the evolutionary process at which the once
actually or potentially interbreeding array of forms became
segregated into two or more separate arrays which are physiologically
incapable of interbreeding." Yet another emphasis is seen in the

definition of Carter (1951) who incorporated the idea of phenotypic
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variation within the species. He thought an "animal species is

a group of animals formed into communal populations or demes, which
are often differentiated into groups within the species differing
both morphologically and in habit, but which will live together

a completely communal life and will naturally breed together.

They will not readily do so with animalsg outside the species group."
This definition was modified from that of Mayr (1942) and, in
Carter's opinion, was applicable only to sexual metazoan animals.

Only in Huxley's (1942) definition is account taken of
degrees of interbreeding. He beiieved a species could be
"regarded as a geographically definable group whose members actually
interbreed or are potentially capable of interbreeding in nature, .
which normally in nature does not interbreed freely or with full
fertility with related groups, and is distinguished from them
by constant morphological differences.

In experiments investigating interbreeding, the fertility of
hybrids as well as the number of hybrid offspring should bg
determined before it is assumed that two populations are conspecific.¥
* Manwell (1957) discusses the liklihood of hybrids of malaria
parasites occurring in nature. The recent demonstration of genetic
recombination in strains of P. berghei (Walliker_gg_gl., 1971) con-

firms this possibility. However, the chance of isolating a hybrid
and mistaking it for a new species seems remote.



A recurrent theme in the definitions is the presence or

absence of interbreeding in‘natﬁ;e (Huzley, Carter, Emerson;
Sheppard) and observations in the 1aboratory; when interbreeding
is observed, must be interpreted cautiously. Although inter-
breeding may take place in experimental conditions, it does not
necessarily follow that it takes place in nature.

It is, however, seldom possible to check if an animal will
interbreed with related groups and, in practice, a species is
generally recognised by morphological and other biological B
characters which are sufficiently marked to make it reasonable
to assume that the animal does not share the gene pool of related
species. In difficult groups precise methods of investigating
genotypes, such as observing the electrophoretic mobility of
enzymes or mapping éhromosomes, are of great value.

Huxley (1942) listed three points which he believed should be

jointly: considered when recognizing a species. There should

(i) "a geographical area consonant with a single origin",
(ii) " a certain degree of constant morphological and pre-
sumable genetic difference from related groups", and
(iii) "an absence of intergradation with related groups."
Several difficulties arigse when attemptiné to apply modern
definitions of a species to the protozoa. The greatest of these

is the position of agamospecies -~ species which are thought to



lack any sexual forms. Among parasitic protozoa, trypanosmatids
are perhaps the most important and best studiegd. There is no
convincing evidence that conjugatiop occurs in this group, and
they are considered to be asexual. But so, for a 1qng time, was

Escherichia coli. Many trypanosomatids are parasites of in-~

vertebrates only, and if conjugation does occur in this group,
it would seem most likely to take place in invertebrate

rather than vertebrate hosts. Conjugation of Emcherichia coli

was. unsuspected until recombination was demonstrated by Lederberg
~and Tatum (1946) using nutritional dependeﬁce as a marker.

Similar experiments with the“inveftebrate stages of trypanosomatids
in culture have not been done and until they are, it cannot be

said that conjugation does not occur, although it may well be

a rare.happening and most unlikely to be seen.

.Trypanosomatids are an example of apparent agamospecies in
which conjugation has yet to be investigated fully. But
agamospecies musf not be assumed simply to be sexual organisms
in which conjugation has not been demonstrated. Some no doubt
are, but others will be found to be truly agametic. Definitions
of species based on the inability to share the other gene pools
obviously do not apply to such organisms.

A second difficulty, even with ﬁrotozoa such as malaria
parasites in which genetic recombination occﬁrs, is the question
of-distribution. With parasitic protozoa Huxley's ''geographical

area consonant with a single origin" must be interpreted in the
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light of the distribution, habits and phylogenetic relationships
of the hosts. The zoogeography of the host may be the key
to the origin of a parasite rather than simply the geographical
are; in which the parasite is encountered. A striking instance
of this is T. evansi, the origins of which were not understood

until the migrations of the principal host, the dromedary, were

related to the present day distribution of the parasite (Hoare,

1957). Similarly, the status of Polychromophilus deanei,
I

a haemoproteid of the S. American bat, Myotis nigricans nigricans ,

and the nycteribiid fly, Bagilia, cannot bé understood without
considering the origins of the hoéts. Except for Po. deansi
mammalian haemoproteids are absent from the New World. Myotis
is one of the few 0ld World genera of bats to have found its way
to the Americas, and it is thought that an ancestor of M. n.
nig?icans must have been accowpanied in its migrations by a
haemoproteid and a nycteribiid fly, all of which became established
in S. America (Garnham et al., 1971).

To sum up, it seems as though there is little difficulty
in applying the concept of the genospecies to the parasitic
protozoa which mate; as Manwell (1937) said of malaria parasites
" we should conceive of a species of malaria in genetic terms as we do
most other types of living things. It should be a strain of

malaria plasmodium which will not hybridize with others in the



invertebrate host, and it should, of course, have certain more~
or-less unique morphological characters'. Protozoa which do

not mate must be considered differently. At present it is seldom
practicable to test the ability to interbreed, and relevance

must still be placed upon the phenotype and biological characters
other than interbreeding. New methods of recognition of enzymes
(Carter, 1970; Tait, 1970), which are a more precisely measurable
expression of genes than are many characters of the phenotype,

will doubtless‘bécome more widely used. Finally, when considering
the origins of parasitic protozoa, the distribution,habits and
phylogeny of the hosts-are as important as the present geographical

distribution of the parasites.

The Subspecies

Trinomials were first used by the ornithologist Hermann
Schlegel in 1844 to designate geographical subdivisions of species
of birds (Sibley, 1954). Since that time subspecies have‘been
a constant cause of polemic (see Wilson and Brown (1953), and
subsequent contributions on subspecies of different groups of

animals by various authors in Systematic Zoology, 1953-1958, )

The subspecies problem is partly one of temperament :

splitters like them, lumpers do not. Prolonged study of a

\
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group of animals may lead a specialist to the point where he confidently

gives subspecific status to certain populations, but less experienced
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workers find it difficult to accept his reasoning. The validity
of a trinomial depends to some degree upon the reputation of the
taxonomist who gives the name (Tate Regan, 1926),.and since the
recognition of an intraspecific population is often a nice
question of judgement perhaps that is as it should be.

The subspecies is the lowest taxon given formal recognition
in the International Rules of Zoological Nomenclature. It .
has been definéd by many workers, and, although it is generally
thought to be an arbitrary subdivision of a continuum (Simpson,
19453 see also Huxley, 1942), the consensus of opinion is that the
subgpecies is a population or group of populations inhabiting a geo-
graphical subdivision of the range of a species and differing from
other populations by diagnostic morphological characters (Mayr,
1963). It follows that subspecies cannot be sympatric, since
theif identities would be lost by interbreeding.

With vertebrates, Huxley (1942) pointed out that the
distribution of a subspecies may be either geographical or ecol-
ogical. This is an important point when considering subsﬁeciation
of parasitic protozoa. There are many instances in which
the first step in speciation may be considered to have taken place
when a parasite has acquired a strong host restriction (e.g.

T. lewisi of rats and T. musculi of mice). Such a parasite
may be found in a host in the same place as another which harbours
5 related parasite. A typical factor giving rise to this is

a marked feeding preference of a haematophagous vector which
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could well result in parallel evolution in the same locality.
Subspecies of parasites may therefore be sympatric in locality,
but they will then be parts of different biocenoses, and will
not have hosts in common. In this respect the concept of sub-
species of parasites differs from that of Mayr's. The mobility
of hosts led Manwell (1957) to reject Mayr's largely geographical
defintion of the subspecies, but if the host is considered to be
part of the "geography" of a parasite, ngr's definition would
seem to be acceptable to the parasitologist.

There are a few observations which give an idea of the time
taken for subspecies of mammals to appear in populations which
become isolated. A population of the normally marine seal

Phoca vitulina isolated in a fresh-water lake in Canada 3-8,000

years ago is now recognized by its morphology as a subspecies.
This.period represents 300-1600 generations. Scattered data

for rodents isolated én islands suggest that subspecific
differentiation may occur in even less than 300 generations -

the lowest figure for the seal (Simpson; 1944). There are no
similar observations for parasitic protozoa, but if it took

as little as 300 generations for a morphological subspecies of a
malaria parasite to arise, and if there were 5 generations from
zygote to zygote each year, the time taken would be only 60 years;
with continual cyclical passage in the laboratory it wguld take

17 years.



The vagueness of the subspecies is a Feflection of evolution.
Darwin (1872) thought in terms of a hierarchy of intraspecific
populations, all leading towards, but not necessarily attaining,
the rank of species. It will always be a vague taxon, but while
it is a useful means of naming a population, it will, no doubt,

continue to be used.
Demes

A deme is a term first used by Gilmour and Gregor (1939)
to denote any specified.assemblange of taxonomically closely
related populations. Its meaning has become sligh£ly altered
and it now means any interbreeding community or population
(Hux}ey, 1942; Mayr, 19635, which is not considered to have
attained a formal taxonomic rank. A serieg of demes with
character gradients is térmed a cline (Huxley, 1942; Carter,
1951). Although neighbouring populations differ little, there
may be marked differences in the extreﬁes of a cline.

Among'parasitic protozoa, the deme has been widely used by

Hoare (1955, 1967) for describing populations of trypanosomes.

He recognized five kinds of demes, viz. the plastodeme for anti-
genic variants; the serodeme for immonologically distinct
strains; the xemodeme for populations largely restricted to

different hosts; the clinodeme for neighbouring populations

differing in mean length and virulence; and the nosodeme for a
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population which, like the clinodeme, differs from others in its

virulence and size, but which is not part of a geographically
continuous series.

The deme has been used to describe populations of P. falciparum

(Garnham, 1966a), and may perhaps be a useful way of naming
populations of other malaria parasite (e.g. to denote populations
of P. vivax with differences in patterns of relapse - there may,

in fact, be a cline of P. vivax).

Syngen

This is a term coined by Sonneborn (1957) to describe geo-

~ graphically separate populations of the ciliate Paramecium aurelia

which he had earlier subdivided into physiological subspecies or
variéties.

Some syngens differ from others by differences in size,
surface structures, growth rates, tolerance to high temperatures
gtc. These differencesvare,however, slight and difficult to use
as a means of recognition. More usually, identification of the
14 known syngens is by mating, in culture, with previously
identified stocks. Different syngens may conjugate, but there
is then seldom an exchange of nuclei; if there is, the oxganisms
which develop are not viable.

Tait(1970), while investigating the electrophoretic mobilities

of enzymes of the mitochondria of P. aurelia (succinic dehydrogenase,

A



isocitrate dehydrogenase, glutamate dehydrogenase, beta-
hydroxybutyrate dehydrogenase and fumarase), found a new way of
recognising 12 out of the described 14 syngens. As long as
all four enzymes were examined, their characteristic mobilities
were a means of identification.

The term syngen has not been generally adopted by
protozoologists for organisms other than ciliates. In the
light of modern definitions of species, é syngen would seem to

be a species.



THE TAXONOMY OF P. BERGHEI AND SUBSPECIES

P. berghei Vincke and Lips, 1948 lies in the subgenus
Vinékéia Garnham, 1964, in which are grouped allnspecies of
Plasmodium parastizing lemurs and lower mammals. The
characters of the subgenus are small erythrocytic schizonts
usually producing eight or fewer merozoites, an absence of
stippling of infected erythrocytes, a spherical gametocyte
wit£ widely distributed pigment, an exoerythrocytic schizogony
of three days or less, and the presence of so-called
‘secondary exoerythrocytic schizonts (Garnham, 1966a).

Some of the characters are now not very satisfactory.
Anomalies in the morphology of schizonts of seven of the fifteen
named species have beeﬁAdiscussed in Part III. Primary exo-
erythrocytic schizonts have been séen in only two species,P.

berghei and P. vinckei,and this is slender evidence for a short

tissue schizogony in the whole subgenus. Tissue schizonts
which may be secondary forms have been found in the livers of

the hosts of only two species (P. berghei and P. traguli) and a

plausible altermnative to the Shortt-Garnham theory of the formation
of secondary forms has been put forward (Garnham, 1966b)

in which it is suggested that so-called secondary forms may be
‘derived directly from sporozoites and not from the product of

quickly maturing primary forms. The value of the presence of



"secondary forms!" as a character of the subgenus Vinckeia will
have to be re-~assessed as new facts emerge.

In spite of the unsatisfactory definition of Vinckeia its
erection was justified. The characters of the other two sub-
genera of mammalian malaria parasites are clear, and the grouping
of the‘species parasitizing supralemuroid primates into the
subgenera Plagmodium and Laverania obviously reflects their
evolution (see Garnham, 1966a). This ;tep could not be taken
without giving taxonomic recognition to the malaria parasites
of lemurs and lower primates. | The best course at the moment
might be thought to be to define Vinckeia by the characters of the

best known species, P. berghei and P. vinkei, the whole life-cycles

of which have been seen since Vinckeia was created, and to classify

the others as Vinckeia incertae sedis. Unfortunately the type

species of Vinckeia is the little studied P. bubalis Sheather,
1919 of the domestic buffalo, and a redefinition of the subgenus
should await the discovery of the full life-cycle of this
parasite.

Populations of P. berghei from four localities in Africa
(see map, fig 5 in Part II of this thesis) have been designated

as subspecies. They are: P. berghei berghei Vincke and Lips,

1948 from Katanga; P. b. yoelii Landau and Killick-Kendrick,

1966 from the C.A.R.j; P. b. killicki Landau et al., 1968 from

Brazzaville; and P. berghei (Nigeria) (present work). Bafort



(1968, 1970, 1971) has opposed the division into subspecies,
although at no time has he suggested synonymy. He rightly drew
attention to the pleomorphism of some of the stages in the life-
cycle of P. berghei, but he appears not fully to have understood the
Vneed to make comparisons in identical conditiomns.

It is true that the size of primary tissue schizonts, and

maturation rates, vary in different hosts, but the measurements

digtinguishing the tissue stages ofvf.lbéféﬂéi and f.vslb;déiii
were made on forms of the same age, in the liver of the same
species of host. It was noted that the measupements of 2;;5;
berghei differed from those made by Yoeli (1965) but in Yoeli's
eariy work more than one inoculation of sporozoiteé was given,
and the age of the schizonts was, therefore, uncertain.

(Landau and Killick»Kendrick, 1966).

In an attack on the concept of subspecies of P.Hﬁe;éﬁei
Bafort (1970) points ouf that"Hoare (1966) drew attention to the
fact that in trypanosomes the application of biometry to the
differentiation of infraspecific strains or races may ge mis-
leading oﬁ account of the wide variation sometimes observed even
within populations of the same strain.” But the Anglo-French
workers have not used biometrical methods to recoghize strains or
races: they have used them to recognize populétions they bélieve

to warrant the status of a formal taxon, the subspecies.

Bafort's selected quotation of Hoare's paper may give the



erroneous impression that Hoare rejects the use of biometry.
On the contrary, Hoare's application of biometrical method
in a lifetime study of mammalian trypanosmes has been the means
of solving many problems. In the same paper quoted by Bafort,
Hoare (1966) says "In addition to measurements characterizing
different species of trypanosomes, statistical methods also servé
as a valuable aid for the separation of related groups and fer the
study of variation."

"It is in this way that the biometry has been used by
those who named the subspecies (Landau and Killick-Kendrick,
1966; Landau et al., 1968, 1970).

Bafort (1970) goes on to examine "several other features that
have been considered as differences.! Firstly, he discusses
virulence: this was npt used as a criterion to recognize the
subspecies. Secondly, he considers epizootiology, in particular the
generally low prevalance of infections in rodents in Katanga and
the very high rate of infection in thicket-rats in the C.A.R.

He suggests that the picture in Katanga is incomplete and in
support of this quotes Vincke (1954) who, to his (Vincke's)
surprise, found it easy to isolate strains from rats in one
particular locality. While it may be true that the complete
picture in Katanga is unknown, it is equally true that no figures
have been published of rates of infection of rats in Katanga as

high as those reported in the C.A.R. where every adult thicket-rat
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was found infected with P. v. chabaudi and more than half

were additonally infected with P. b. yoelii (Landau and

Chabaud, 1965).

Bafort's third point is type localities and the question
of geographical barriers between the populations. He puts
the reasonable view that theré are no barriers within the
Congo Basin. But the present apparent restriction of murine
malaria to the periphery of the Basin may well be a consequence
of ﬁast barrierg, rather than present ones. It is plausible
to suppose that the present populations aré relicts followiﬁg
the time when the Congo Basin was.a lake (Chapin, 1932). The
faunal barriers between the type locality of P. berghei
(Nigeria) and those of other subspecies are fully discussed
in Part II of this thesis.

| Fourthly, the question of the vertebrate hosts is discuésed,

and it is implied that, because 55 diffefent vertebrates have been
experimentally infected with P. berghei great significance
should not be placed on the differences in natural hosts.

{Thamnomys rutilans in the C.A.R. and Brazzaville and Grammomys

(or Thamnomys) surdaster and, of lesser importance, Praomys

jacksoni and Leggada bella in Katanga). But the experimental

jnfections were induced by the inoculation of infected blood
usually with highly virulent strains, and therefore mean little

or nothing in relation to natural, sporozoite-induced infections.
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The fact that constant differences in hosts represent different
selective forces is ignored.

In his final point, that of the different invertebrate hosts,
Bafort acknowledges that the parasites in the C.A.R. and the
Congo-Brazzaville (where the vectors are not known) cannot
have the same invertebrate host as P. berghei of Katanga

(where the vector is A. d. millecampsi, a mosquito with a very

limited distribution). He quotes Vincke (1967) as saying
that the most probable vector in Brazzaville is A. cinctus, a

mosquito close to A, d. millecampsi. Vincke made no special

claim for A cinctus, but gimply included it as one of a list of
exophilic, zoophilic species to which he wished to draw attention:
Possibly, A. cinctus was singled out because of the then
unpublished fact, widely known to workers in the field, that

Adaﬁ had found sporozoites in the salivary glands of a specimen

of A. cinctus caught in the type locality of P. b. killicki and

P. v. lentum.*

¥ ' Too much should not be made of this obsgervation. Adam found
and photographed four long sporozoites. I have seen the photographs
and confirm that the bodies look like sporozoites of P. b, killicki

or P. v. lentum. However, blood meals from wild-caught A. cinctus

in the type-locality have now been tested and shown to be of a primate
(Boreham, personal communication), and since it is suspected that

A. cinctus is the vector of a trypanosome of galagoes (Frezil,
personal communication), this was probably the primate. No meals

of rodent blood were identified.




Bafort belittles the difference in invertebrate hosts by comparing . j‘?;ﬁ
L'

it with the very large number of anopheline hosts of the malaria parasites of
man.

The comparison ig hardly valid. Malaria parasites of man are
transmitted mainly by domestic mosquitoes, whereas those of

forest animals are typically in delicétely balanced situations
where transmission 1is solely by one sylvatic or pavernicolous

mosquito (e.g. P. atheruri, P. voltaicum. P. traguli.). As with

the vertebrate host, restrictién to a single mosgquito for long
periods would be a selective force. Evidence that murine
malaria parasites have been affected by such a restriction is pro-
vided by observations on the poor dgvelopment of all subspecies
in laboratory bred mosquitoes known not to Be natural hoéts
(reviewed by Killick-Kendrick, 1971).

Bafort et al. (1968) believe that valid comparisons of the
morphology of different populations of P. berghei can be made only
in natural hosts. This counsel is impracticable since (i) inver-
tebréte hosts in lowland localities are unknown, (ii) the inver-

tebrate host of highland parasites cannot be bred in the lab-

oratory, (iii) P. b. berghei is believed to have at least three

vertebrate hosts, only one d which is available in the laboratory
and (iv) the vertebrate host of lowland subspecies has not been'
bred in the laboratory. Landau et al. (1970) point out that

a better comparison is possible in standard laboratory bred rodents
and mosquitoes. In the extensive studies on the tissue schizonts
and blood stages of malaria parasites of Asian monkeys, the

rhesus monkey has become the standard host in which comparisons

are made.




If it is accepted that Mayr's geographical definition
(with the modification that restriction of parasites‘in Nature
to particular hosts is analagous to géographical restriction
of free-living animals) is applicable to malaria parasites, it
seems clear that P. berghei is correctly sub-divided. Mayr's
corollary that there should be some morphological differences
is satisfied. Landau et al. (1970) review the morphological
criteria and suggest that the three most important are (i)

the size of the mature oocyst in A. stephensi at knewn temperatures,

(ii) the length of the sporozoite in the glands of A. &tephensi

and (ii) the rate of growth of primary exoerythrocytic schizonts in
the livers of white rats and mice. Much emphasis has been

placed on extremes of ranges, particularly odd giant forms

(Bafort, 1968, 1970, 1971), while such stages must be included ip
randémly measured samples, to give them undue prominence is
misleading.

Sizes of sporozoites overlap, and the significance of differences
in mean lengths must be judged by statistical methods (Kiilick—
Kendrick,_1970; Part II of this thesis). Conclusions based
on means with little difference and overlapping ranges alone, giving
such inadequate data that standard errors of the means and standard
deviations of the series cannot be calculated. (Bafort, 1971,

P. 142), can be described as mahematically meaningless.
Methods of sampling populations must be standardized, and it is

best if comparisons are made by a single observer.

12¢



The differences in the sporogonic and exoerythrocytic stages of

P. b. berghei, P. b. yoelii, P. b. killicki and P. berghei
(Nigeria) have been discussed in Part II of this thesis, and the
point has been made that there is a sharp difference between

P. b. berghei from the highlands of Katanga and the three other

populations from the lowland forests (summarized in Table 4).
In the writer's view, the point at issue is not whether or not
P. berghei is correctly spli; into subspecies; it is whether
or not the P. berghei complex is composed of two species which do
not share the same gene pool, and whichare so divergent that
they have lost the ability tq cross-breed.

Support for the view that there are two épecies is provided
by Carter's (1970) study on the electrophoretic mobilities
of enzymes of populations of P. berghei in different parts of

Africa. Carter's (1971) most recent work, as yet unpublished,

confirms his earlier opinion that P. b. berghei stands apart

from the lowland subspecies. The electrophoretic patterns of
enzymes of highland and lowland are characteristic and conétant,
and differ so markedly that,on analogy with Tait's (1970)
enzymatic differences between syngens of Paramecium, they would
seem unlikely to interbreed.

Carter's approach is a great advance in methods of studying

populations of malaria parasites. Electrophoretic mobilities
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of enzymes are accurately measurable expressions of genes,

and for the first time a method of investigating the genetic
make-up of a population of malaria parasites, other than by exam-
ining its phenotype, is available. Advances in the recognition
of parasites following Carter's pioneer work may well be comparable
to the progress which followed Romanowsky's discovery of new

ways of staining blood films.

TAXONOMY OF P. VINCKEI AND SUBSPECIES

The characters of the subgenus Vinckeia of which P. vinckei )
Rodhain, 1952 is a member, have been discussed in the section
above.

Like P. berghei, populations of P. vinckei from different
parts of Africa have been designated as subspecies viz.

P. v. vinckei Rodhain, 1952 from Katanga; P. v. chabaudi Landau

1965 emend. Bafort, 1968 from the C.A.R.j; and P. v. lentum
Landau, Michel, Adam and Boulgrd, 1970 from Brazzaville.
A fourth population from Nigeria, studied by Killick-Kendrick
(1970a,b.) and Bafort (in press) has not yet been named.

The arguments put forward for speciation‘in P. berghei
(selective pressures of hosts and differences in biocenoses)

apply equally to P. vinckei, The morphological differences of .



the named subspecies of P. vinckei have been discussed in detail
by Landau et al. (1970). Their conclusion that P. vinckei ,

P. v. chabaudi and P. v. lentum are separable on the basis of

the size of the mature éocyst, the length of the sporozoite

and the rate of growth of the tissue schizonts is again challenged
by Bafort (1971), whose comprehensive studies on P. vinckei

have been restricted almost completely to a single strain of-

one subspecies, P. v. vinckei.

It is difficult at the moment to speculate on the status
of the geographical populations of P. vinckei, which have been less
studied than those of P. berghei. The vertebrate host of the
nominate subspecies in Katanga has not been found and, as with
the lowland populations of P. berghei, the invertebrate hosts of

P. v. chabaudi, P. v. lentum and P. vinckei (Nigeria) are

unknown. Infective sporozoites of P. vinckei (Nigeria) have

proved diffiuclt to obtain (Killick-Kendrick, 1970 a,b.) and it

was not until recently that the exoerythrocytic schizogony

of this parasite was demonstrated. (Bafort, in press).
Populations of P. vinckei do not seem to have quite the same

relationships with each other as do those of Pl berghei.

Carter (1971, but unpublished) has studied the electrophofetic

mobilities of (i) one of the two known isolates of P. v. vinckei

(ii) 22 isolates of P. v. chabaudi, (iii) the only two

isolates of P. v. lentum, and (iv) two of the three known isolates

of P. vinckei (Nigeria). This work is continuing and it is

s
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hoped to obtain even larger numbers of isolates. Carter tentatively
concludes that the patterns so far,revealed suggest a linear
relationship in the following order:

P. v. vinckei - P, v. chabaudi - P. v. lentum - P. vinckei

(Nigeria), and postulates that this reflects a phylogenetic
relationship following the geographical distribution of the
parasites. Geographically, however, a more acceptable series

from east to west would perhaps be P. v. vinkei - P. v. lentum -

P. v. chabaudi - P. vinckei (Nigeria). Possibly populations

of P. vinckei will be found to represent a cline, although the
morphological and enzymatic differences (Landau'gi'gl., 1970;
Killick-Kendrick, 1970a; Carter, 1971) seem to be 6f an order
greater than those of dé;es, and the point of evolution of the
separate populations would then be more suitably expressed by sub-

specific designations.

ORIGINS OF MALARIA PARASITES OF

AFRICAN RODENTS

Speculations on the evolution of the suborder Haemosporina,
in which lie the three families Plasmodiidae, Haemoproteidae and

Leucocytozoidae, have been made by many workers. Recent notable
and

contributions are those of Bray (1957),LBaker (1965) who subscribe



to the view that malaria parasites sensu lato evolved from adeleid
haemogregarines of vertebrates, although Garnham (1966a) points
out that this view ignores fundamental differences in the micro-
gametes, oocysts and tissue schizogony separating malaria
parasites and adeleid haemogregarines.

A Coccidian ancestry of Haemosporina is generally accepted
(Baker, 1965), but whether the ancestors were parasites of
vertebrates or invertebrates is still debated. Bray(1957) and
Baker (1965) argue that the host was a vertebrate whereas Huff
(1945) put the opposite view. Perhaps the strongest argument
in support of Huff is the restriction of the invertebrate hosts
of Haemosporina to a single order of insects, the Diptera,
suggesting an origin from parasites of the ancestors of these
insects. Baker (1§65), while recognizing the weight of this
point, rejects it in the face of evidence for the cpposite
view without discﬁssing it further. But, if the evolution of the
Classes of the vertebrafe hosts of the true malaria parasites
(Reptilia, Aves and Mammalia) are compared with the evolution
of the dipteran hosts (Table 9), the pattern which emerges
adds support to the notion that malaria parasites arose from
parasites of insects.

Insects arose in the Silurian period, before the first
vertebrates. During the Mesozoic era (the Age of Reptiles),

the first Diptera, first blood-sucking arthropods (Hocking, 1971)

!



Table 9. Time-scale of the evolution of some vertebrate

and invertebrate hosts of malaria parasites (time in millions

of years in parentheses). (from: Hocking, 1971; Manwell,

1955 ‘Mattingly, 1965; Romer, 1941; Simpson, 1953; Tarling

and Tarling, 1971; Wood, 1959).

PRECAMBRIAN
PALEOZOIC
Cambrian (480)
Ordovician (430)
Silurian (390)
Devonian (350)

Carboniferous (300) First vertebrates, first amphibians;

first feptiles
Permian (215)
MESOZOIC (Age of Reptiles)
Triassic (190)

"Jurassic (155) First Diptera; first blood-sucking arthropods

, first true mammals; first birds.
Cretaceous (120)
CENOZOIC (Age of Mammals)
Tertiary
Paleocene (55)

Eocene (45) Mosquitoes present; first bats, first"squirrels"
first porcupines.

Oligocene (30) Anopheles not yet arisen?
Miocene (19) First murids.
Pliocene (7)
Quaternary
Pleistocene(1)

jRecent (0.5)




first birds and first true mammals arose. Perhaps it was
during this era that the malaria parasites of lizards arose,
the vectors of which are now believed to be phlebotomine
sandflies (Ayala and Lee, 1970). Saurian malaria is

widely distributed throughout the Tropics, and it is logical

to assume the parasites of lizards arose before the‘Continental
Drift led to a final separation between the 01d and New Worlds
(about 1,000,000 years ago; Tarling and Tarling, 1971).
Mosquitoes (though not Anopheles)were present in the Oligocene
(Manwell, 1955).

Malaria parasites of birds presumably evolved, probably from
those of a saurian ancestor, sometime from the mid—MesozoiC'to
mid-~Cenozoic.

.The Eocene is probably the time of the evolution of mammalian
malaria parasites. This comparatively late arrival is perhaps
roughly about the time of the appearance of Anopheles.

The phylogeny of the groups of African rodents which are hosts.
of malaria parasites is shown in fig 8;

Murid rodents arose in the Miocene and it is curious that
modern descendants of the ancestors of this 0Old World groups,
the cricetid stock, have no malaria paragites. This suggests that
murine malaria parasites probably arose very récently, and originated
from parasites of hosts other than the stock from which murids evolved.

A;’likely source would seem to be precursors of the modern

anomalurine malaria pérasites, and it is suggested that as thicket-
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rats began to acquire arboreal habits they came into contact
with anopheline vectors transmitting malaria among anomalurids

above the ground; in this way the ancestor of P. berghei and

P. vinckei may well have arisen. If this were so, one could

predict that the charactérs of anomalurine malaria parasites ,
particularly those of the tissue schizdgony, will be found to
echo those which are known for the murine parasites. In the
size and, to a lesser degree,‘the number of merozoifes, the char-
acters of the eryfhrocytic schizonts of anomalurine paragites

already show some similarities with schizonts of the murine

‘forms. -

A similar relationship may be postulated for P. atheruri and.

P. voltaicum. These are parasites of cavernicolous mammals,

porcupines and bats, and are transmitted by highly specialized
species of Anopheles in caves. The small size of the schizont

is a remarkably fixed character in P. atheruri.* When established

* Another fixed character of P. atheruri would appear to be its
ability to undergo successful sporogony. I have attempted to
obtain #nfective sporozoites of the mouws e-adopted strain in 8
species of Anopheles with the following results (temperatures in -
parentheses); ookinetes seen, but no oocysts:

A. albimanus (21°C), A. melas (24°C), A. sundaicus (24°C), A.

farauti (28°C), and A. freeborni (28°C); oocysts grew and matured

by glands not invaded: A. stephensi (24°C, 28°C), and A. gambiae
(20°C); complete sporogony but sporozoites (from glands) not
infective to mice (splenectomized): A. 1. atroparvus (22°C)

and A. freeborni (22°C).
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in mice, the strain isolated in Brazzaville by Landau et al.

(1969) has a general resemblance to P. berghei except that
the schizonts retain their small sizej; it is noteworthy that

the schizonts of P. voltaicum are also small,

Bats and porcupines are both much older animals than murine
rodents, and in this instance it is impossible to suggest in thee

ancestor of which animal malaria parasites may have first arisen.
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PART V
PROTOZOA OF THE BLOOD CELLS
OF RODENTS: AN ANNOTATED

CHECKLIST AND HOST-INDEX



INTRODUCTION

The protozoa of the erythrocytes or leucocytes of rodents lie
in five of the families in the subphylum Sporozoa, namely Hepatozoidae,
Plasmodiidae and Haemoproteidae (Telosporea; Eucoccida), and
Babesiidae and Dactylosomidae (Piroplasmea; Piroplasmida).
Trypanosomes, which are not dealt with in the present work, are
common extracellular parasites of the blood of rodents. A check-
list which includes the species infecting rodents is given by Hoare
(1972) in his comprehensive treatise on the mammalian trypanosomes.

In addition to the true protozoa parasitizing the blood-cells
of rodents, there are a numbér of other organisms which share the

same habitat. Bartonella Strong et al., 1915, Anaplasma Theiler,

1910, Grahamella Brumpt, 1911, Haemobartonella Tyzzer and Weinman,

1939, and Eperythrozoon Schilling, 1925 are parasites of the erythro-
cytes of a great number of differeﬁt mammals including many rodents;
Their true affinities long remained in doubt, but Bartoﬁelia is now
recognised as a bacterium (Peters and Wigand, 1955; Perez~Alva

and Giuntini, 1957), and the others as rickettsiae (Philip, 1957;
Weinman, 1957). Records of these organisms are not included in this
check~list. They are common in rodents and are easily revealed in
Giemsa~stained blood films, although less easily assigned to a

genus (see Tyzzer, 1942). They are seen singly or in groups in or
on erythrocytes, and appear as small dots or rod-shaped bodies.

An apparently similar parasite of the leucocytes of voles
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was described by Coles (1914), who found it in an English Microtus
agrestis. It was later seen in the neutrophils and eosinophils

of M. pennsylvanicus in the U.S.A. and named Cytoecetes microti

Tyzzer, 1938. Possibly Cytoecetes should be grouped with Ehrlichia,
a tick-borne virus of the lymphocytes of cattle (Foggie, 1962).

In the preparation of the check-list the exact identity of
some of the rodents has given difficulty, but an attempt has-been
made to correct errors, such as records from rodents totally un-
known in the given locality. In a few reports, however, the name
listed is little more than an informed guess. The names of some
of the rodents have been changed over the period covered, and as
far as possible generally accepted modern names have been sﬁﬁStit-
uted. Trinomials have been ignored in some groups when the author-
ities seem not to be in agreement.

" To speculate on possible relationships between parasites,
it is helpful if the relationships of the hosts are understood.
The abundance and diversity of rodents makes this difficult,
but Wood's (1955) revision of the higher taxa (followed in the
host-index) is valuable to workers interested in the hostal dist-
ribution of the parasites of rodents. He rejected the three
pragmatic but non-phylogenetic suborders commonly recognised
(Sciuromorpha, Myomorpha and Hystricomorpha) and replaced them,
with reservations, with seven less arbitrary groups. Wood's re~-
vision ﬁet with strong support from Simpson (1959) who adopted

new classification and freely acknowledged that his earlier views
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on the suborders (Simpson, 1945) had become indefensible; they

are, nevertheless, still accepted by some (e.g. Rosevear, 1969).
Great significance cannot be placed on the geographical dis-

tribution suggested by some of the records which in many instances

appear more clearly to reveal the distribution of protozoologists.

CHECKLIST OF THE PROTOZOA IN THE

BLOOD-CELLS OF RODENTS

The numbers after the names of the hosts below refer to the
rodents in the host-index inrwhich common-names are given, questions
of the identity of some of the hosts are discussed, and records
from each rodent are gathered together. The records for each genus
of parasite are arrangea in chronological order according to the

date of naming or, for unnamed gpecies, the date of the first report.

HEPATOZOIDAE

Hepatozoidae includes the genus-HeEatozoon Miller, 1908,
a widespread parasite of the leucocytes, or in a few instances
(indicated by an asterisk (*) before the name in the check-list)
the erythrocytes, of rodents and many other vertebrates. The

only stage in the blood is the characteristically banana-shaped
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gametocyte. The haemogregarines of rodents have been given several
different generic names, but in the check-list they are all referred
to the genus Hegatozoon.‘ Except for aifferences in size and host-
cell, the gametocytes look very much alike, and the few life-cycles
which have been seen (e.g. H. muris, H. pitymysi, E. balfouri,

H. griseigciuri, H. erhardovae) are typical of the genus Hepatozoon,

At the moment there is no reason to suppose the haemogregarines
of rodents are represented by more than phis one genus.

There is some confusion in the naming of the species of
Hepatozoon of rodents, caused by the old practice of calling all
haemogregarines of murids, muris. In the check~list I have used
the names given usuallylbecause of differenceg of.hostrrather‘than
of ﬁorphology. This gives identities to haemogreg;rines which

may later be shown not to deserve them.

1. *Hepatozoon balfouri (Laveran, 1905); Jaculus gordoni (109)
Sudan (Balfour, 1905, 1906); J. orientalis (110)
Tunisia (Laveran; 1905a), Egypt (Hoogstraal, 1961);
J. jaculus (111) Sudan (Balfour, 1905, 1906), Egypt

(Hoogstraal, 1961; Furman, 1966).

R. conatus (88) Queensland, Australia (Mackerras, 1959);
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As rats have moved around the world in the company of man,
their haemogregarine has moved with them. Early records of 2;
muris were listed by Kuséma;ég;éi., (l§l9), and more recently
Krampitz (1964) pubiished a map showing 39 localities in Europe,
Asia, Australasia and N. and S. America from which gr Qﬁéié has
been reported in Rattus. The common idgptity of the haemogregarines
of species of Rattus has not been confirmed by’transmission ex-
periments in the laboratory.

H. perniciosum Miller, 1908, a parasite of white laboratory
rats (E, norvegicus) and the type species of Hepatozoon Miller,

1908 is a synonym of H. muris (see Brumpt, 1946).

3. *Hepatozoon gerbilli (Christophers, 1905); Tatera indica

(65) Madras, India, (Christophers, 1905); Rhombomys
opimus (72) S. Vostok, U.S.S.R. (Zasuchin et al., 1934);

Tatera indica ceylonica (66) Ceylon (Manawadu, unpublished).

4. Hepatozoon funambuli (Patton, 1906); Funambulus pennanti
(3) 1India.
5. Hepatozoon musculi (Porter, 1908); Mus musculus (100)

England (Porter, 1908), Italy (Sangiorgi, 1912), U.S.S.R.
(Yakimoff and Schokhor, 1917; Zasuchin, 1936),

Czechoslovakia (Erhardova, 1955).



6. Hepatozoon citellicolum (Wellman and Wherry, 1910);

Citellus beecheyi (26) U.S.A.

7 Hepatozoon sp. Kleine, 1910; Mylomys dybowskii (80)
Tanzania.

8. Hepatozoon criceti (Noller, 1912), Cricetus cricetus (52)
Austria.

9. Hepatozoon mereschkowskii Tartakowsky, 19133 Citellus

guttatus (28) C. musicus (29) U.S.S.R.

10. Hepatozoon arvalis (Martoglio, 1913); rodent, Ethiopian

highlands.

Martoglio identified the host as Arvicola (=Microtus) arvalis

but, except for M. guentheri which is known from Libya, voles are
absent from Africa (Ellerman and Morrison-Scott, 1966). Brumpt

(1946) suggested Martoglio's rodent was perhaps Arvicanthis abyssinicus

(= A. niloticug), and his parasite the same as H. arvicanthis Schwetz
and Collart, 1930).
Lavier (1921) found a haemogregarine which he called H. arvalis

in an undoubted Microtus arvalis collected in France. Brumpt

(1946) recognised Lavier's parasite as new, and named it H. lavieri.

11. Hepatozoon plicatum (Martoglio, 1913);? Pectinator



12.

13.

14.

15.

16.

spekei (40) Somali Republic.
Hepatozoon sp. Rodhain, Pons, Vandenbranden and Bequaert,
1913; vrodent (see note in the host~index under Fam.

Dipodidae), Sankisia, Democratic Republic of the Congo.

Hepatozoon microti (Coles, 1914); Microtus agrestis (58)

England (Coles, 1914; Jacobs, 1953), Germany (Krampitz,
. V
1964), Czechoslovakia (Cerna, 1957); voles (64) Volga

Delta, U.S.S.R. (Dubinin, 1953).

Hepatozoon sciuri (Coles, 1914); Sciurus vulgaris (2)

England (Coles, 1914, Vizoso, quoted by Dasgupta and
Meedeniya, 1958), China (Nauck, 1927), Italy (Francini,

1932), central and southern Europe (Krempitz, 1964).

Hepatozoon sylvatici (Coles, 1914); Apodemus sylvaticus

(76) England (Coles, 1914), W. Germany (Krampitz, 1964),

France (Rioux and Golvan, 1969); Apodemus flavicollis

(75) Czechoslovalia (Erhardova, 1955), central and

southern Europe (Krampitz, 1964).

Hepatozoon akodoni (Carini and Maciel, 1915);  Akodon

fuliginosus (48) Sao Paulo, Brazil.

L



151

17. Hepatozoon pitymysi Splendore, 1918; Pitymys savii

(57) Italy (Splendore, 1918, 1920), Sicily (Krampitz,
1957).
Lavier's (1921) suggestion thatthe haemogregarines of M.

arvalis and P. savii were the same is not supported by the work

of Krampitz (1964), who demonstrated a marked host restriction

of one of the haemogregarines of voles. Possibly these parasites
are similar to the large group of lewisi-like trypanosomes of
rodents which are morphologically indistinguishable but which ex-

hibit strong host restrictions (e.g. Molyneux, 1969).

18. Hepatozoon getulum Sergent, 1921; Atlantoxerus getulus

(20) Tunisia.
Landau (personal communication) found gametocytes of two un-
identified haemogregarihes, one large and one small, in the leuco~-

cytes of A. getulus from Algeria.

19. Hepatozoon sp. (Léger, 1922); Euxerus erythropus (23)

Republic of Senegal.,

20. Hepatozoon sp. Donovan (Wenyon, 1926); Petaurista
petaurista (36) India.
This record is in Wenyon's check-list under the host's old

name Pteromys petaurista: Donovan's report was apparently unpublished.
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22.

23-

24.

Hepatozoon arvicanthis Schwetz and Collart, 1930;

Arvicanthis niloticus (81) Democratic Republic of the Congo.

Hepatozoon lusitanicum Najera Angulo, 1937; Eliomys

quercinus (116) Spain.

Hepatozoon sp. Tyzzer, 1939; Microtus pennsylvanicus (63)

Island of Martha's Vineyard, Mass. U.S.A.

*Hepatozoon alactaguli Brumpt, 19463 Allactaga major (112)

Saratov, U.S.S.R. (Shingareva, 1910), Urdi, Kazakstan,

U.S.S.R. (Zasuchin, 1936); Allactaga sibirica (113)

Mongolia and Manchuria (Jettmar, 1932); Alactagulus
pumilio (114) S. Vostok, U.S.S.R. (Zasuchin, 1931);

Dipus sagitta (108) Mongolia and Manchuria (Jettmar, 1932),

Kazakstan, U.S.S.R. (Zasuchin, 1936).

Complete life~cycles must be seen and cross infectivity tests

performed before it can be decided if more than one species of

Hepatozoon is present in these jerboas.

25-

26.

Hepatozoon arvicolae Brumpt, 19463 Microtus montebelli

(61) Japan (Miyairi, 1932).

*Hepatozoon cricetomysi Brumpt, 1946; Cricetomys gambianus

(73) Democratic Republic of the Congo (Rodhain, 1915),
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Central African Republic (Landau, unpublished).

27. *Hepatozoon dendromus Brumpt, 1946; Dendromus

? insignis (106) Tanzania (Kleine, 1910).

In spite of confusion, the correct spelling of the name of
this rodent is apparently Dendromus not Dendromys (Simpson, 1945,
Rosevear, 1969). Brumpt incorrectly called the host Dendromys
(following Kleine, 1910), and the parasite H. dendromysi. ihis
was an inadvertent error causéd by the current misspelling of the
rodent's name, and the spelling of the name ¢f the parasite is heré
corrected (Article 32 a(ii) of the International Code of Zoological

Nomenclature, 1964).

28. Hepatozoon graomysi Brumpt, 19463 Graomys medius (49)

ArgentineA(Rohdﬁé, 1945).
Brumpt misspelt the name of the rodent éroamzs, and named the
parasite H. groamysi. In his publication there is clear evidence
of this inadvertent errér, and the spelling is here corrected
(Article 32a(ii) of the International Code of Zoological Nomenclature,

1964).

29. Hepatozoon lavieri Brumpt, 1946; Microtus arvalis (59)

France (Lavier, 1921), Czechoslovakia (Erhardova, 19553

' gérna, 1957), Austria (Krampitz, 1964).



N

30. Hepatozoon sp. Latyshev, 1949; Meriones erythrourus (69)

Turkmenia, U.S.S.R.

31. Hepatozoon sp. Latyshev, 1949; Spermophilopsis lepto~

dactylus (25) Turkmenia, U.S.S.R.

32. Hepatozoon sp. (Dubinin, 1953); Arvicola terrestris

. (56) Volga Delta, U.S.S.R.
Dubinin (1953) thought this haemogregarine was perhaps H.
arvalis, the parasite which Martoglio (1913) recorded from a

rodent misidentified as Microtus arvalis. Krampitz's (1964) work

suggests a host restriction of the haemogregarines of voles, and it

is likely that Dubinin's parasite is new.

33. - Hepatozoon sp. Erhardova, 19553 Microtus oeconomus (62)

Czechoslovakia (Erhardova, 1955), central and southern

Europe (Krampitz, 1964).

34. Hepatozoon griseisciuri Clark, 1§58; Sciurus carolinensis
(i) Maryland, U.S.A. (Herman and Price, 1954; Clark, ;958),
Virginia, U.S.A. (Parker, 1968), Englénd (Vizoso , quoted
by Dasgupta and Meedeniya, 1958).

Clark (1958) found that the sporocysts of H. griseisciuri in

the mites Euhaemogasmasus ambulans and Echinolaelaps echidninus

contained only 4 large sporozoites, .and in this character the



haemogregarine of the grey squirrel differs from other known
species. Dasgupta and Meedeniya (1958), however, described

"sporocysts of an Hepatozoon in the flea Qrchopeas wickhami, from

English squirrels, which contained 12 sporozoites. The species
of squirrel from which the infected fleas were collected is not
clearly stated, but since these workers examined fleas from both

S. carolinensis and S. vulgaris, it is possible that their des-

cription is of the sporogonic stages of H. sciuri a parasite of

the latter squirrel.

35. Hepatozoon leptosoma Wood, 1962; Peromyscus maniculatus

(46) california, U.S.A.
The gametocytes of this parasite differed from those of other

Californian rodents by their size (10.5p X 2.1y) and slender shape.

36. Hepatozoon sp. Wood, 1962; Microtus californicus (60),
California, U.S.A.
Wood (1962) tentatively identified this haemogregarine as H.

citellicolum, a parasite of the gopher, Citellus beecheyi. These

hosts are not closely related, and until the life~cycles of the para-

sites are compared the Hepatozoon of M. californicus is better left

with a separate identity.

37. ' Hepatozoon sp. Wood, 1962; Peromyscus boylii (44)

P. truei (47) California, U.S.A.



Wood (1962) thought this haemogregarine was probably H. muris,
a parasite of Rattus spp. From the host restriction of the well
studied haemogregarines of European rodents (Krampitz, 1964), it

seems probable that Wood's parasite is new. Morphologically its

gametocytes were different from those of the haemogregarines found

in Peromyscus maniculatus and Microtus californicus in the same

locality.

38. Hepatozoon sp. Keymer, 1964; Tatera leucogaster (67)

Luangwa valley, Zambia (see also Keymer, 1966).
Keymer suggests this haemogregarine may be H. gerbilli described

from T. indica in India.

39. Hepatozoon erhardovae Krampitz, 1964; Clethrionomys

glareolus (54) England (Jacobs, 1953; Baker et al., 1963),
Sweden (Tadros, unpublished), Czechoslovakia (Erhardova,
19553 Bérna, 1957), W. Germany (Krampitz, 1964);

Clethrionomys rutilus (55) W. Germany (Krampitz, 1964).

40. Hepatozoon sp. Dasgupta, 1965; Petaurista magnificus

(35) Darjeeling, India.

41. Hepatozoon sp. Keymer, 1966; Aethomys Zkaiseri (86)

Chitala area, Malawi (Keymer, 1966), Uganda (Minter,

unpublished).
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42, *Hepatozoon sp. Keymer, 1966; Lophuromys flavopunctatus

(102) Otomys kempi (107) Myika Plateau, Zambia.

Keymer (1966) found a single intré—erythrocytic haemogregarine
in the blood of one Otomys, and a profuse schizogony in the myocardium,
connective tissue, diaphragm, spleen and>lungs of a second in the
blood of which no gametocytes were found; Schizonts were also seen
in the lungs and heart of a Lophuromys which once again had no
parasites in the blood. The tissue fo?ms may have been stages in

the life-cycle of a parasite other than Hepatozoon.

43. Hepatozoon sp. Krampitz, Sachs, Schaller and Schindler,

1968; Mastomys natalensis (95) Uganda.

44, Hepatozoon epsteini Kakabadze and Zasuchin, 1969;

"grey rats" (94) Sukhumi, e. shore of Black Sea, U.S.S.R.
From the description of this parasite, it seems certain it is

different from H. muris, a widespread parasite of Rattus ssp.

45, Hepatozoon sp. Killick-Kendrick and Bellier, 1971;

Idiurus macrotis (42) Ivory Coast, West Cameroons.

46, Hepatozoon sp. Killick-Kendrick and Bellier, 1971;

Idiurug macrotis (42) Ivory Coast.

This second, less common, haemogregarine of the pygmy flying

squirrel has the longest gametocytes (27.5—38.5pm) of any



Hegatozoon of mammals.

47.

48.

49.

50-

51.

52.

53.

Hybomys trivirgatus (85) W. Nigeria.

Hepatozoon sp. Bruce-Chwatt and Gibson (ungublished);

Praomys tullbergi (97) W. Nigeria.

Hepatozoon sp. Lainson (unpublished); Holochilus brasil-

iensis (50) Brazil.

Hepatozoon sp. Lainson (unpublished); Oryzomys capito

(43) Brazil.

Hepatozoon sp. Landau (unpublished); Hybomus univittatus

(84) Central African Republic.

Hepatozoon sp. Landau (unpublished); Xerus rutilus (21)

Ethiopia.

Hepatozoon sp. Markus (unpublished); Xerus inauris (22)

S. Africae.



PLASMODIIDAE

Plasmodiidae contaihs the single Qenus of true malaria
parasites, Plasmodium Marchiafava and Celli, 1885. The species
infecting rodents form part of the subgenus Vinckeia Garnham,
1964. The twb found in murine rodents of Africa are sub-divided
into a number of subspecies based on differences in distribution
and the morphology of the sporogonic and exoerythrocytic stages
(Landau and Killick-Kendrick, 19663 Garnbam et al., 1967;
Bafort, 1968; Landau et al., 1968, 1970; Killick-Kendrick,

in press).

54. Plasmodium berghei berghei Vincke and Lips, 1948;

Grammomys surdaster (78) (Vincke and Lips, 1948;

Vincke, 1954). Praomys jacksoni (96). Leggada bella

(101) (Vincke, 1954) Democratic Republic of the Congo.

55. Plasmodium berghei yoelii Landau and{Killick-Kendrick,1966;

Thamnomys rutilans (77) Central African Republic

(Landau and Chabaud, 1965).

56. Plasmodium berghei killicki Landau, Michel and Adam,

1968; Thamnomys rutilans (77) Brazzaville, People's

Republic of the Congo (Adam et al., 1966).
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57. Plasmodium berghei (Nigeria) Killick-Kendrick (in

preparation); Thamnomys rutilans (77) W. Nigeria.

58. Plasmodium vinckei vinckei Rodhain, 19523 ?2Grammomys

surdaster (78) Democratic Republic of the Congo.
2,_1. vinckei has never been found in a rodent, and is known

only by two isolations from the mosquito Anopheles dureni mille-

campsi (Rodhain, 1952; Bafort, 1967). Since A. d. millecampsi
appears to feed exclusively oﬁ rodents (see Gillies and de Meillon,
1968), there is no doubt that the natural vertebrate host is a
sylvatic rodent in the forest galleries of Katanga, and the most

likely animal is G. surdaster.

59. Plasmodium vinckei ssp. Bruce-Chwatt and Gibson, 19553

Praomys tullbergi (97) (Bruce-Chwatt and Gibson, 1955);

Thammomys rutilans (77) (Killick-Kendrick et al., 1968),
W. Nigeria.
A third of the I. rutilans in this locality were found to be

infected with P. vinckei ssp. whereas only one out of more than 1,000

Praomys was infected (Bruce~Chwatt, personal communication). This
suggests either that the single infected Praomys was a misidentified
Thammomys, or that the Praomys had a very rare accidental infection

of a parasite of Thamnomys.

60. Plasmodium vinckei chabaudi Landau, 1965; Thamnomy s
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rutilans (77) Central African Reépublic (Landau, 1965;

Landau and Chabaud, 1965).

This parasite was first named P. chabaudi but later placed

as a subspecies of P. vinckei (Bafort, 1968).

61.

62‘

63.

64.

65.

Plasmodium vinckei lentum Landau, Michel, Adam and

Boulard, 1970; Thamomys rutilans (77) Brazzaville,

People's Republic of the Congo (Adam et al., 1966).

»

Plasmodium atheruri van den Berghe, Peel, Chardome and

Lambrecht, 1958; Atherurus africanus (118) Republic

of Cameroon (Languillon, 1957), Brazzaville, People's
Republic of Congo (Landau et al., 1969a), Irangi Forest,
Democratic Republic of the Congo (van den Berghe et al.,

1958).

Plasmodium anomaluri Pringle, 19603 Anomalurus derbianus

(41) Chemka, Tanzania.

Plasmodium booliati Sandosham, Yap and Omar, 1965;

Petaurista petaurista (36) Malaya.

Plasmodium watteni Lien and Cross, 1968; Petaurista

petaurista grandis (37) Taiwan.
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66. Plasmodium spp. Killick-Kendrick and Bellier, 1971;

Aromalurus peli (41A) A. derbianus (41) Ivory Coast
Two unnamed malaria parasites, both thought to be different

from P. anomaluri, were found in A. peli.
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HAEMOPROTEIDAE

Haemoproteidae includes the genera Hepatocystis Levaditi and

Schoen, 1932 emend. Garnham, 1948, and Rayella Dasgupta, 1967.

Among rodents, Hepatocystis is found exclusively in some of the

Asian squirrels. The commoner of the two species parasitizing
these animals, H. vassali (Laveran, 1905), is divided into four
subspecies based upon geographical distribution and minor morph-
ological differences of the gametocytes (Garnham, 1966).

Rayella Dasgupta, 1967, was created to accommodate an Hepatocystis-

like parasite of giant flying squirrels in parts of Asia. It

differs from Hepatocystis by'the morphology of the tissue stages

which were described as small cystic schizonts occurring in groups

in the liver. Hepatocystis is divided into species largely on the

basis of the morphology-of the asexual stages in the tissues
(Garnham, 1966), and posgibly the separation of Rayella solely on
this character would not be generally accepted. Another difference,
however, is the time necessary for the‘exflagellation of the micro-
gametes of Rayella (8 mins) (Dasgupta and Chatterjee, 1969) which

differs from the characteristically short time (2 mins) of Hepatocystis

(Garnham, 1966, p. 21.).

67. Hepatocystis vassali vassali (Laveran, 1905);

Callosciurus flavimanus griseimanus (8) (Vassal, 1905,

1907; Laveran, 1905b), C. vittatus (15) (Vassal, 1907),
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C. flavimanus ssp. (9) (van Peenen et al., 1968),

Callosciurus sp. (16) (Vassal, 1907) Vietnam; Callo-

sciurus findlaysoni (11) Tamiops macclellandii kongensis

(17) (Coatney et al., 1960) Thailand.

68. Hepatocystis vassali ratufae (Mulligan and Somerville,

1947); Ratufa indica (5) India (Donovan, 1920; Mulligan

and Somerville, 1947); R. bicolor gigantea (4) Thailand

(Coatney et al., 1960); R. macroura (6) Ceylon (Dissanaike,

1963); Ratufa spp. (7) Malaya (Wharton et al., 1963).

s

65. Hepatocystis vassali malayensis Field and Edeson, 1950;

Callosciurus vittatus miniatus (15A) C. nigrovitatus (12)

(Green, 1931), C. caniceps ssp. (12) C. notatus (13A)

C. tenuis (13B) (Field and Edeson, 1949, 1950) Callosciurus

sp. (16) (Wharton et al., 1963) Malaysia;' C. prevosti
(13) London Zoo (quofed by Coatney and Roudabush, 1949).
The record from the London Zoo is based on autopsy reports of
squirrels. Sgnce C. prevosti is a Malaysian species (Moore and Tate,
1965), I assume the subspecies of the parasite was malazénsis.

Coatney and Roudabush, 1949, list a second record from the London

Zoo in which "Sciurus stramineus guayanus" was reported with an
infection of a malaria parasite sensu lato, It seems certain the

parasite was Hepatocystis sp., but the country of origin of the host

and its correct name are now in doubt.



70.

71.

Hepatocystis vassali yokogawai Wu, 19533 Callosciurus

flavimanus thaiwanensis (10) (Wu, 1953; Manwell and

Kuntz, 1966), Tamiops maritimus maritimus (18) (Wu,

1953), Taiwan.

Hepatocystis sp. Dunn, Lim and Yap, 1968; Lariscus

insignis (19) Malaysia.

Field and Edeson (1949) reported Hepatocys.tis in two specimens

of L. insignis in Malaya, but this was later found tc be a mistake

(Field.and Edeson, 1950). The rare infection reported by Dunn

et al., (1968) may be H. v. malayensis in a new host. The same

host of Hepatocystis but this record is now thought t0 have been

a clerical error (Garnham, personal communication).

72

73

Rayella rayi (Tokura and Wu, 1961); Petaurista inoratus

(34) Mukteswar, India (Ray, 1949, 1960); P. p. grandis
(37) Taiwan (Tokura, and Wu, 1961; Manwell and Kuntz,
1966; Lien and Cross, 1968); P. magnificus (63)

Darjeeling, India (Dasgupta, 1965, 1967).

Rayella hylopetei Dasgupta, Pal, Chatterjee and Chatterjee,

1971; Hylopetes alboniger (38) Darjeeling, India.




BABESIIDAE

Babesiidae includes the piroplasms of rodents, which are .
here all rather arbitrariiy placed in the genus Babesia Starcovici,
1893. It seems certain that more than one genus is represented,
but the differential criteria are far from clear. Neitz (1956)
listed ten synonyms of Babesia which were originally named because
of differences in the size, shape and mgthod of division of the
form in the red-cell. Shortf (1962) pointed out that these
morphological characters tended to overlap with one another, and
Neitz, Shortt and others had no doubts that the group will have to
be revised as soon as m§re life-cycles in the invértebrate hést
(ticks) become known. | Neitz (1965) later suggested that the complement
fixation test may prove Lo be a means of recognising species of
Babesia, whereas Gourlay et al., (1970) believed that disc electro-
phoresis of soluble proteins would prove to be a useful zid in
identification., |

Russian workers (Cheissin, 1965; Krylov, 1965) place some
pro plasms in the genus Nuttallia on the basis of division into
4 in the fed~ce11, and an absence of tramsovarial transﬁission in
the tick; this view is gaining support (Nowell, 1969; McMillan
and Brocklesby, 1971). Otﬂer piroplasms of rodents, however, appear
to be closely related to Theileria , dividing as schizonts (Koch's
blue bodies) in the internal organs (see Neitz, 1956). Examples

are the parasites found by Tsur et al. (1960) in a gerbil of Israel
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by van Peenen and Ataila (1963) in an Egyptian gerbil, and possibly
one of the piroplasms descriked by Fay and Rausch (1969) from Alaskan
voles. At the moment, it seems that the only way to achieve a
semblance of order is to lump the piroplasms of rodents together

in the genus Babesia, and await a revision of the whole grouﬁ which
will doubtless follow as more complete life-cyCles become known.
Levine (1971) synomomizes a number of piroplasms of rodents, and
suggests that the number of true species may be very small indeed.
In the present work the names have largely been retained, because

it is feared that a swéeping synonomy in the absence of knowledge

of life-cycles may lead to good species being doubted, or even being
later overlooked. 7

The confusion extends to the higher taxa. In the present work,
Piroplasmea is considered as a class of the Sporozoa because of
observations on the finé structure of piroplasms, which are now
known to have organelles typical of the subphylum (see Levine, 1971),
Earlier some workers (efg. Cheissin, 1965) suggested piroplasms
should be considered as blood-inhabiting amoebae and be classified
in the superclass Sarcodina of the subphylum Sarcomastigqphora, but
this notion has now lost support.

In light infections in rodents, piroplasms are easily mistaken
for malaria parasites. Both inhabit erythrocytes, and young rings
of Plasmodium are similar to Babesia. The true schizogony of
Plasmodium in the blood is, however, thought to be absent in Babesia,

and although pigment is said to be produced by at least one piroplasm



(Molyneux and Bafort, 1970), it is not visible,as in malaria para-

sites, with the light microscope.

74. Babesia muris (Fantham, 1905); Rattus norvegicus (89)

England.
This parasite was seen in three laboratory white rats.
Possibly the infection was acquired from ticks in the bedding of

the cage, and the parasite may have been Babesgia microti, the

common piroplasm of British small mammals. If so, the name muris

has priority over microti.

75. Babesia quadrigemina (Nicolle, 1907); Ctenodactylus

gundi (39) Tunisia. ,

76. ‘ Babesia avicularis Wenyon, 1909; Lemniscomys barbarus

(82) Sudan.

77. Babesia microti (Franga, 1912); Microtus arvalis (59)

Portugal (Fran%F, 1912); Arvicola terrestris (56) (Coles,

1914), Microtus agrestis (58) (Coles, 1914, Baker et al.,

1963; Shortt and Blackie, 1965), Apodemus sylvaticus

(76) (Coles 1914; Jacobs, 1953; Shortt and Blackie,

1965), Micromys minutus (74) (Young, quoted by Cox, 1970),

‘Clethrionomys glareolus (54) (Jacobs, 19533 Shortt

and Blackie, 1965), England; Microtus pennsylvanicus (63)



Mass., U.S.A. (Tyzzer, 1938), New York, U.S.A. (Kirner,

et al., 1958); Microtus californicus (60) Peromyscus

californicus (45) Neatoma lepida (51) California, U.S.A.

(van Peenen and Duncan, 1968).

In a laboratory study on the course of infection in laborator&_
rodents of strains of this piroplasm from several English hosts,
Shortt and Blackie (1965) found no differences in infectivity or
morﬁhology. This suggests that piroplasms of small rodentsg in
England, and possibly other parts of Europe, are represented by
one species, B. microti. For reasons which are not clear, the
name B. colesi Levine, 1971 was proposed for the piroplasm of A.

sylvaticus in England. It was first named Nuttallia muris Coles,

1914 and later moved to Babesia by Reichenow (1953). Levine saw

that Babesia muris was a homonym of Fantham's (1905) piroplasm

of the white rat and gave the new name to the parasite of Apodemus.

I view B.colesi as a synonym of B. microti.

78. Babesia decumani (Macfie, 1915); Rattus norvegicus (89)

Ghana (Macfie, 1915), Vietnam (Capponi et al., 1955);

3, bowersi (91) R. sabanus (92) R: musschenbroeki (93)
Malaysia (Yap Loy Fong et al., 1963). |
Capponi et al. (1955) did not identify the piroplasm they found
in Vietnam. Largely for convenience, and because their parasite
appears morphologically indistinguishable from Macfie's, and was in
the same host, the record is included here. B. decumani may be a

synonym of B. muris (Fantham, 1905).



79. Babesia sp. Bruce, Harvey, Hamerton, Davey and Bruce,

1915; Medible rat", (see 119)Malawi.

80. Babesia rossica (Yakimoff and Saphronowitsch, 1917); voles,

(64) Saratow and Transcaucasia, U.S.S.R.
This was first described as Theileria, but there was no real
evidence it belonged to this genus (Wenyon, 1926). Zasuchin (1956)

assigned it to Gonderia.

81. Babesia rigolleti (Léger and Bédier, 1922); Graphiurus

murinus (117) Senegal.
B. rigolleti was first named as a Plasmodium. Wenyon (1926)

noted the lack of pigment, and Bray (1964) referred it to the

genus Babesia.

82. Babesia golundae (Léger and Bédier, 1923); Mylomys lowei

(79) Republic of Senegal.

83. Babesia myoxi (Franchini, 1924); Muscardinus avellanarius

(115) Italy.

84. Babesia sp. Nauck, 1927; Sciurus vulgaris (2) China.
85. Babesia kolzovi (Zasuchin, 1930); Citellus pygmaeus

(30) S. Vostok, U.S.S.R. (Zasuchin, 1930, 1931);



Citellus fulvus (27) U.S.S.R. (Zasuchin, 1936).

86. Babesia eliomysi (Galli-Valerio, 1930); Eliomys

quercinus (115A)

87. Babesia ratti Schwetz and Collart, 19303 Arvicanthis

niloticus (81) Mastomys natalensis (95) Democratic

Republic of the Congo.
Schwetz and Collart thought this parasite was possibly the same
as B. avicularis Wenyon, and B. decumani Macfie, 1915.
Levine (1971) listed the parasite only of Arvicahthis as a synonym

of B. avicularis.

88. Babesia citelli Becker and Roudabush, 1933; Citellus

tridecemlineatus (31) Iowa, U.S.A.

89. Babesia gerbilli (Tivlov, 1934); Rhombomys opimus (72)

S. Vostok, U.S.S.R. (Zasuchin et al., 1934).

90. Babesia volgense (Zasuchin, 1936); Citellus fulvus (27)

Kazakstan, U.S.S.R.

A redescription of this parasite is given by Zasuchin (1956).

-

91. Babesia cricetuli (Sprinholz-Schmidt, 1937); Cricetulus

furunculus (53).



92.

93.

94.

95.

9.

97.

172

Babesia jakimovi (Sprinholz-Schmidt, 1937); Tamias

sibiricus asiaticus (33) U.S.S.R.

Babesia tucotucoi Carini, 1941; Ctenomys sp. (1174)

Brazil.

Babesia wrighti Tomlinson, Smith and Fogg, 1948;

Citellus variegatus buckleyi (32) Texas, U.S.A.

Babesia lemniscomysi (Rousselot, 1949); Lemniscomys

striatus (83)

Babesia rhombomys (Celischtichev, 1950); Rhombomys

opimus (72) Kazakstan, U.S.S.R.

Babesia rodhaini van den Berghe, Vincke, ChardSme and

van den Bulcke, 1950, Grammomys surdaster (78) Demo-

cratic Republic of the Congo.

The type locality of B. rodhaini is Sungu on the River Lufufui,

40 km. from Kamina (van den Berghe, et al., 1950). Strains from

another locality, the River Kasapa, near Lumbumbashi (Elisabethville},

were morphologically the same, but differed in infectivity to experi-

mental rodents (Rodhain and Vincke, 1952).

98.

Babesia graingeri Heisch, 1952; Euxerus erythropus




fulvior (24) Kenya.

99. Babesia taterilli (Rousselot, 1953); Taterillus gracilis

(68) Republic of Mali (Rousselot, 1953), Republic of

Haute Volta (Landau, ungublished).

100. Babesia merionis (Rousselot, 1953); Meriones tristrami

(70) Iran.
Intact and splenectomized white rats, splenectomized mice and

intact hamsters were refractory to infection by the inoculation of

blood.

101. Babesia sp. Bruce-Chwatt and Gibson, 1955; Praomys
tullbergi (97) W. Nigeria.

102. Babesia sp. Bruce-Chwatt and Gibson, 1955; Thryonomys

swinderianus (119) W. Nigeria.

According to Bray (1964), the piroplasm in Nigerian Thryonomys

is different from the one found in the same host in Liberia.

103. Babesia danii (Tsur, Hadani'and Pipano; 1960) ; Meriones
tristrami (70) Isréel.
Feldman~Muhsam (1962) had already named this parasite Nﬁfféii;
adleri in a paper presented at an international conference on

entomology in Vienna, but before the proceedings of the conference



which has priority.

This piroplasm, first seen by Adler (1930), should probably
be assigned to the genus Theileria (see Neitz, 1956). Tsur éilél.
(1960) described "schizont-like! division stages, resembling Koch's
blue bodies, in smears of intérnal organs, as well as divisions
stages in the blood. Barnett and Brocklesby (1969) considered

it to be a link between the Babesiidae and Theileriidae.

104. Babesia sp. van Peenen and Atalla, 19633 Meriones

lybicus libycus (69A) Egypt.
As with B. danii, diviéion stages of this parasite similar to
Koch's blue bodies of Theileria spp. were seen in tissue smears
of experimentally infected Meriones; they were found in smears of
the kidney 18 days after inoculation. Van Peenen and Atalla
(1963) suggest that this piroplasm‘was B. danii adapted to a

different host.

- 105, Babesia sp. van Peenen and Atalla, 1963; Gerbillus

campestris (64A) Egypt.
Although this piroplasm looked like the one of M. lybicus
from the same locality, Meriones was found to be refractory to

infection. This report of two biologicaliy distinct piroplasms

of related hosts in a single locality, coupled with the records of

B. danii (103) of M. tristrami in Israel, B. tadzhikstanica (106)
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of M. erythrourus (99) in the U.S.S.R. and B. taterilli (99)
of T. gracilis in Mali, suggests that there is a closely related
complex of species or subspecies of piroplasmg in gerbillines.

They warrant a comparative study.

106. Babesia tadzhikstanica (Krylov and Zanina, 1963); Meriones

erythrourus (69) Tadzhikstan, U.S.S.R.

This parasite was first named Smithia tadzhikstanica, but

Russian workers now prefer to place it in the genus Nuttalia

which in their view differs from Babesia, Smithia etc. by the

absence of transovarial transmission in the arthropod host (Cheissin,

1965; Krylov, 1965). The devlopment of B. tadzhikstanica in the

N
tick Hylalomma anatolicum has been described in detail by Krylov'

(1965).
.Barnett and Brocklesby (1969) suggested that this piroplasm’of

a Russian gerbil was probably the same as Babesia dani.i (89)

a parasite of Meriones tristrami in Israel.

107. Babesia bandicootia Manwell and Kuntz, 1964;

Bandicota indica nemorivaga (104)

108. Babesia sp. Bray, 1964; Thryonomys swinderianus (119)

Liberia.

109. Babesia sp. Gunders (Bray, 1964); Praomys tullbergi
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(97) Liberia.

110. Babesia musculi (Muratov, 1966); Mus musculus (100)

Tadzhikistan, U.S.S.R.
Muratov (1966) compared the morphology of B. musculi with that

of B. tadzikstanica, a parasite of jirds in the same locality,

and found they were different; moreover, although mice were

susceptible to the parasite from jirds, B. musculi failed to infect

Meriones. Unfortunately, because he was unable to compare it

with some other piroplasms of rodents, Muratov named the piroplasm
of mice conditionally; by Article 15 of tﬁe International Code
of Zoological Nomenclatﬁre (1964) the name musculi is not, there-
foré, available, and Muratov's parasite, if it is considered to

be a good species, will have to be re-named.

111, Babesia sp. van Peenen and Duncan, 1968; Citellus

beecheyi (26) California, U.S.A.

112. Babesia spp. Fay and Rausch, 1969; Microtus oeconomus

(62) M. pennsylvanicus (63) Clethrionomys rutilus (55)

Alaska, U.S.A.
Féy and Rausch found twé quite different piroplasms in
Alaskan voles. One, from C. rutilus, had typical division
stages in erythrocytes but the other, from M. oeconomus, appeared

seldom, if ever, to divide in red-cells
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and was not infective to C. rutilus. Cyclical transmission of
the latter parasite to M. oeconomus was obtained in the laboratory

through the tick Ixodes angustus.

113. Babesia hylomysci Bafort, Timperman and Molyneux, 1970;

Hylomyscus stella (99) Kinshasa, Katanga, Democratic

Republic of the Congo.

o114, Babesia meri (Gunders, in press); Psammomys obesus

(71) Israel.

115. Babesia sp. (Gunders and Sarfatti, 1971); Nesokia indica

(105) 1Israel.

116.. Babesia sp. Adam and Landau (unpublished); Praomys

jacksoni (96) Brazzaville, Republic of Congo.

117. Babesia,sp. Adam and Landau (unpublished); Thryonomys

swinderianus (119) Brazzaville, Republic of Congo.

118. Babesia sp. Bruce-Chwatt and Gibson (unpublished);

Cricetomys gambianus(73) Agege, W. Nigeria.

119. Babesia sp. Bruce-Chwatt and Gibson (unpublished);

Stochomys longicaudatus (98) Agege, W. Nigeria.
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120. Babesia sp. Landau (unpublished); Hybomys univittatus

(84) Central African Republic.

121 Babesia sp. Landau (unpublished); Praomys jacksoni (96)

Central African Republic.
The unnamed piroplasms of Praomys in Nigeria (101), Liberia
(109), Brazzaville (116), and the Central African Republic may

be the same,

DACTYLOSOMIDAE

Anthemosoma was created to accommodate an unusual parasite
of the spiny mouse (Acomzs). When first encountered it was thought
to be a piroplasm, but it was seen to undergo a quite different
kind of multiplication in the erythrocytes of the‘host similar to
the schizogony of Plasmodium; pigment was, however, completely
absent. In parasitaemias heightened by splenectomy, dimorphic
forms thought to be gametocytes were found, and a resemblance to the

dactylosomes of fishes and amphibia was recognised. The new genus, -

Anthemosoma Landau, Boulard and Houin, 1969, was therefore placed

in the family Dactylosomidae (Piroplasmea: Piroplasmida).
Levine, (1971) felt this position was wrong and that Anthemosoma
was perhaps closer to the malaria parasites than the piroplasms.

From the fine-structure, however, Anthemosoma seems to resemble



Babesia (Vivier and Petitprez, 1969), and it is perhaps best to
leave Anthemosoma in Dactylosomidae until its life-cycle is

known.

122, Anthemogsoma garnhami Landau, Boulard and Houin,

1969; Acomys percivali (103) Omo Valley, Ethiopia.



INDEX OF RODENTS WHICH ARE KNOWN HOSTS OF BLOOD-INHABITING SPOROZOA 4

The numbers after the names of thé parasites refér to the
check-list in which the identity of some of the parasites is dis-
cussed, and the localities and sources are given. As in the check~
list, an asterisk before the name of a haemogregarine indicates the

host-cell is an erythrocyte.

SCIUROMORPHA
Fam. Sciuridae (squirrels)
Subfam. Sciurinae (ground and tree squirrels)
Tribe Sciurini (Eufopean and American tree squirrels)

i. Sciurus carolinensis (grey squirrel)

Hepatozoon griseisciuri (34)

2. -Sciurus vulgaris (red squirrel)

Hepatozoon sciuri (14)

Babesia sp. (84)

Tribe Funambulini (African tree squirrels and allied

Asian genera).

3. Funambulus pennanti (palm squirrel or 5-striped Indian squirrel)

Hepatozoon funambuli (4)

Tribe Ratufini

4. Ratufa bicolor gigantea (giant squirrel)




Hepatocystis vassali ratufae (68)

5. Ratufa indica (Indian giant squirrel or Malabar squirrel)

Hepatocystis vassali ratufae (68)

6. Ratufa macroura (grizzled giant squirrel)

Hepatocystis vassali ratufae (68)

7 Ratufa spp.

Hepatocystis vassali ratufae (68)

This record is from Malaya where Medway (1969) lists only two

species of Ratufa, R. bicolor and R. affinis, each with several sub-

species.

Tribe Callosciurini (Oriental tree squirrels)

Moore and Tate's (1965) detailed study of museum material of-
squirrels of the Indo-Chinese sub-region gives by far the best guide
to this difficult tribe, and althoqgh the composition of their species
differs from earlier concepts, in their comprehensive work they group
the species in a logical way producing order from chaos. |

The largest genus of the tribe is Callosciurus, in which Ellerman

(1940) recognises 320 forms. For the Indo-chinese subregion,
Moore and Tate list 59, and for the Malaysian sub-region Medway (1969)

gives 26. The range of the genus does not include the Indian sub-

region, and Callosciurus is not found west of the Garo-Rajmahal
Gap. In the Indo-chinese and Malaysian subregions, the great rivers
form the boundaries of the ranges of many of the subspecies.

According to Moore and Tate, in the Indo-chinese subregion there
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are 8 species with one artenkreis of 4 allopatric species (erythraeus,

ferrugineus, flavimanus and findlaysoni) spread throughout the

region, and a second (pygerythrus, phayrei, caniceps and inornatus)

which is less widespread and largely sympatric with the first.
For the Malaysian subregion, Moore and Tate list only 5 species,

prevosti, notatus, nigrovitatus, albescens and melanogaster. Medway

gives three of these (two spelt differently), prevostii, notatus and

nigrovittatus, but also lists flavimanus. and caniceps which Moore

and Tate recognise in the Indo-chinese but not in the Malaysian sub-
region. This lack of agreement, coupled with a very large number

of subspecific names, makes it impossible confidently to assign some

old records of Hepatocystis in Asian squirrels to hosts with current.
modern names.

8. Callosciurus flavimanus griseimanus

Hepatocystis vassali vassali (67)

Laveran (1950b) and Vassal (1905, 1907) called this squirrel

Sciurus griseimanus, how a synonym of C. f. griseimanus (Moore and

Tate, 1965; Ellerman and Morrison-Scott, 1966).

9. Callosciurus flavimanus ssp.

Hepatocystis vassali vassali (67)

10. Callosciurus flavimanus thaiwanensis

Hepatocystis vassali yokogawai (70)

Moore and Tate (1965) recognise 19 subspecies of C. flavimanus
(the belly-banded squirrel) distributed throughout the Indo-chinese

subregion east of the Sittang and Irrawaddy rivers, except Thailand,

15
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Cambodia and part of Laos (along the Mekong river) where C. findlaysoni

OoCCcurs.

Wu (1953) and Manwell and Kuntz (1966) record Hepatocystis

in several squirrelg in Taiwan which they identified as C. erythraeus

and subspecies roberti, centralis and thaiwanensis. Moore and

Tate,however, consider the range of C. erythraeus to be limited
to west of the Irrawaddy and its tributary the river Nmai. They

view thaiwanensis as a subspecies of flavimanus, and list centralis

and roberti as synonyms of subspecies thaiwanensis. Unlike Eller-

‘man and Morrison~Scott (1966), Moore and Tate do not support the

division of the species in Taiwan into subspecies.

11. Callosciurus finlaysoni ssp. (Siamese squirrel)

Hepatocystis vassali vassali (67)

Although Moore and Tate (1965) accept C. finlaysoni as a good
species, they do so onl& provigionally, and with some serious reéer-
vations. They list 15 subspecies distributed in Thailand, Cambodia
and along the Mekong river in Laos. The record above ig from
Thailand, and the squirfel was thouéht to be close to the sub-
species boucourti (Coatney et al., 1960).

12. Callosciurus caniceps ssp. (grey-bellied squirrel)

Hepatocystis vassali malayensis (69)

13. Callosciurug prevosti

Hepatocystis vassali malayensis (69)

13A Callosciurus notatus

Hepatocystis vassali malayensis (69)




13B Callosciurus tenuis

Hepatocystis vassali malayensis (69)

14. Callosciurus nigrovitatus (black-striped squirrel)

Hepatocystis vassali malayensis (69)

Moore and Tate give the name of this Malaysian squirrel as

shown, and not C. nigrovittatus as given by others (Field and

Edeson, 1950; Harrison and Traub, 1950; Medway, 1969).

15. Callosciurus vittatus

Hepatocystis vassali vassali (67)

This record, from Indo-China, is from a rodent not listed for
the subregion by Moore and Tate; it is not possible now to be sure
of the host's identity.

15A Callosciurus vittatus mineatus

Hepatocystis vassali malayensis (69)

16. .Callosciurus sp.

Hepatocystis vassali vassali (67)

Hepatocystis vassali malayensis (69)

In the first of these records (Vassal, 1907) the host was
called Sciurus sp. The report was from Annam (Vietnam), and the

animals examined would now be known as Callosciurus.

17. Tamiops macclellandii kongensis (striped tree squirrel)

Hepatocystis vassali vassali (67)

18. Tamiops maritimus maritimus

Hepatocystis vassali yokogawai (70)

In this report (Wu, 1953) the host was given as "Tamiops



macellandi formosanus'. This is presumably the same as Sciurus

macclellandi formosanus, listed by Moore and Tate (1965) as a

synonym of T. m. maritimus.

19. Lariscus insignis (striped ground squirrel)

Hepatocystis sp. (71)

20. Atlantoxerus getulus (Barbary ground squirrel)

Hepatozoon getulum (18)

21. Xerus rutilus

Hepatozoon sp. (52)

22. Xerus inauris

Hepatozoon sp. (53)

23. Euxerus erythropus (red-legged ground squirrel)

" Hepatozoon sp. (19)

24. Euxerus erythropus fulvior

Babesia graingeri (98)

Unlike a number of early workers, Rosevear (1969) considers
Euxerus to be separate from Xerus; he believes fulvior to be

possibly a valid race of X. microdon, a synonym of Euxerus erythropus.

Tribe Xerini incertae sedis

25. Spermophilopsis leptodactylus (long-tailed ground squirrel)

Hepatozoon sp. (31)

Tribe Marmotini (northern ground squirrels)

26. Citellus beecheyi (gopher)




Hepatozoon citellicolum (6)

Babesia sp. (111)

27. Citellus fulvus (large toothed suslik)

Babesia kolzovi (85)

Babesia volgense (90)

28. Citellus guttatus (ground squirrel) -

Hepatozoon mereschkowskii (9)

29. Citellus musicus (ground squirrel)

Hepatozoon mereschkowskii (9)

30. Citellus pygmaeus (little suslik)

Babesia kolzovi (85)

' 31. Citellus tridecemlineatus

Babesia citelli (88)

32, Citellus variegatus buckleyi (black-backed rock-squirrel)

Babesia wrighii (94)

33. Tamias sibiricus asiaticus (Siberian chipmunk)

Babesia jakimovi (92)

Zasuchin (1956) listed the host as Eutamias asiaticus

-orientalis. Ellerman and Morrison-Scott (1966) give Eutamias
as a subgenus of Tamias.  They consider only one species Q{.
sibiricus) to be present in the U.S.S.R. and from their synonomy

the host is assumed to be the subspecies asiaticus.

Subfam. Petauristinae (flying squirrels)



34.

35.

36-

37.

38.

39.

4:0.

Petaurista inornatus (flying squirrel)

Rayella rayi (72)

Petaurista magnificus (Himalayan flying squirrel)

Hepatozoon sp. (40)

Petaurista petaurista (giant flying squirrel)

Hepatozoon sp. (20)

Plasmodium booliati (64)

Petaurista petaurista grandis

Plasmodium watteni (65)

Rayella rayi (72)

Hylopetes alboniger (particoloured flfing squirrel)

Rayella hylopetei (73)

SCIUROMORPHA incertae sedis

Fam. Ctenodactylidae (gundis)

Ctenodactylus gundi (gundi)

Babesia quadrigemina (75)

\

Pectinator spekei

Hepatozoon plicatum (11)

The host of H. plicatum in the Somali Republic was identified

as a marmot (Arctomis (= Marmota) marmota), a rodent which is absent

from Africa. Brumpt (1946) suggested that the host was perhaps a

hyrax mistaken for a rodent, a plausible idea since some Italians in Africa

call the hyrax "marmotta'. But Rosevear (personal communication) points

out that, in spite of its smaller size the animal most likely to have been

confused



with a marmot is the gundi Pectinator. This ctenodactylid is known
only from the Somali peninsular (Ellerman, 1940) and, like the marmot,

lives in companies in roéky terrain. Only the re-discovery of the

parasite will settle which animal was the host.

THERIDOMYOMORPHA
Fam. Anomaluridae (African scaly-tailed flying squirrels)
Subfam. Anomalurinae

41. Anomalurus derbianus

Plasmodium anomaluri (63)

Plasmodium sp. (66)

For more than a ceﬁtury; this animal was known as-A. fraseri;
the ﬁeglected name derbianus was then shown by Ellerman et al.,
(1953) to have priority over fraseri (see Rosevear, 1969).
41A Anomalurus peli

Plasmodium spp. (66)
Subfam. Zenkeréllinae

42. Idiurus macrotis (pygmy flying squirrel)

Hepatozoon sp. (45) |

Hepatozoon sp. (46)

MYOMORPHA

Fam. Cricetidae
Subfam. Cricetinae

Tribe Hespermyini (New World mice)



4:3.

44,

4:5.

26.

47.

48.

49.

50.

51.

52.

Oryzomys capito (rice rat)

Hepatozoon sp. (50)

Peromyscus boylii (Boyle's white-footed mouse)

Hepatozoon sp. (37)

Peromyscus californicus (deer mouse)

Babesia microti (77)

Peromyscus maniculatus (Gambel's white-footed mouse)

Hepatozoon leptosoma (35)

Peromyscus truei (Gilbert's white-footed mouse)

Hepatozoon sp. (37)

Akodon fuliginosus (vole mouse)

Hepatozoon akodoni (16)

Graomys medius

Hepatozoon graomysi (28)

‘Holochilus brasiliensis

Hepatozoon sp. (49)

Neatoma lepida

Babesia microti (77)

Tribe Cricetini (hamsters)

Cricetus cricetus

Hepatozoon criceti (8)

C. frumentarius, the name of the host of H. criceti in

the original reécord, is now a synonym of C. cricetus (Ellerman,

(1941).

1
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53. Cricetulus furunculus

Babesia c¢ricetuli (91)

Tribe Microtini (voles)

54. Clethrionomys glareolus (bank vole)

Hepatozoon erhardovae (39)

Babesia microti (77)

55. Clethrionomys rutilus

Hepatozoon erharvdovae (39)

Babesia sp. (112)

The héemogregarine of this vole was reported from Germany; a
country not listed by Ellermén and Morrison-Scott (1966) in the
distribution of C. rutilus; possibly the range of the rodeni is
wider than supposed.

56. -Arvicola terrestris (water vole)

Hepatozoon sp..(32)

Babesia microti (77)

57. Pitymys savii (pine mouse)

Hepatozoon pitymysi (17)

58. Microtus agrestis (short-tailed field vole)

Hepatozoon microti (13)

Babesia microti (77)

59. Microtus arvalis

Hepatozoon lavieri (29)

Babesia microti (77)
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Another species of Hepatozoon, H. arvalis (10 ), was reported

from an Ethiopian rodent wrongly identified as M. arvalis (Martoglio,
1913). The true identify of the host will never now be known with

certainty, but it was possibly Arvicanthis niloticus (Brumpt, 1946).

7

The pir&plasm was recorded from M. incertus from Portugal.
This rodent is now considered to be a subspecies of M. arvalis
restricted to Switzerland (Ellerman and Morrison-Scott, 1966);
since the true range of H. lavieri is unknown, the report is
listed here with the subspecies of the host unéetermined.

60. Microtus californicus

Hepatozoon sp. (36)

Babesia microti (77)

61. Microtus montebelli

Hepatozoon arvicolae (25)

‘The host of this parasite found by Miyairi (1932) in Japan

was given as Arvicola hatengumi. Arvicola is absent from Japan

(Ellerman,’ 1941), and no mention of the specific epithet hatengumi
appears in Ellerman's colprehensive lists. It seems likely that
the host was M. montebelli, the only Japanese field vole Ellerman
gives.

62. Microtus oeconomus (root vole or northern vole)

Hepatozoon sp. (33)

? Babesia sp. (112)

63. Microtus pennsylvanicus

Hepatozoon sp. (23)
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Babesia microti (77)

Babesia sp. (112)
64.? Microtus sp.

Hepatozoon microti (13) .

Babesia rossica (80)

The hosts were described as voles (Yakimoff and Saphronowitsch,

-

('/

1917; Dubinin, 1953).

Subfam. Gerbillinae (gerbils, jirds, sand-rats, antelope
rats)

64A Gerbillus campestrisg

Babesia sp. (105)

65. Tatera indica (Indian gerbil)

*Hepatozoon gerbilli (3)

Gerbillus indicus, the host in the original report

(Christophers, 1905) is now known as Tatera indica.

66. Tatera indica cevlonica

*Hepatozoon gerbilli (3)

67. Tatera leucogaster

*HeEatozng sp. (38)

Keymer (1964, 1966) called the host Tatera afra, but the record

is from Zambia, which is outside the range of this species (Davis,
1966). Dr G.B. Corbet of the British Museum (Natural History) -

kindly re-examined Keymer's deposited specimens, and identified them

as _’1_". 1eucogaster.



Rousselot (1953) identified the type host of this parasite

from Mali as Tatera emini, a rodent which is not found in West

Africa. The gerbil most likely to have been collected in Mali

is Taterillus gracilis (see Rosevear, 1969).

69. Meriones erythrourus (jird)

Hepatozoon sp. (30)

Babesia tadzhikstanica (106)

Latyshev (1949) called the host of the haemogregarine M.
libycus, a predominantly N, African species with many forms.
Since the report was from thé U.S.S.R.,; it seems better to assign
the host to M. erythrourus, a closely related rodent with a Qide
distribution in that country. The group is, however, difficult
and the authorities give no clear guide; possible ef&tﬁroufﬁé
and libycus are distinct, although it has been suggested that
erythrourus and its races may represent subspecies of iif&éﬁé
(Ellerman, 1940).

69A. Meriones lybicus lybicus

Babesia sp. (104)

70. Meriones tristrami

Babegia merionig (100)

Babesia danii (103)

71. Psammomys obesus

Babesia meri (114)

D



72. Rhombomys opimus (great gerbil)

*Hepatozoon gerbilli (3)

Babesia gerbilli (89)

Babesia rhombomys (96)

Subfam. Cricetomyinae

éetter (1964) removed Cricetomys from £he Muridae and
creaﬁed this new sub-family to accommodate the Gambian pouched
rat. |

73. Cricetomys gambianus (giant rat or Gambian pouched rat)

*Hepatozoon cricetomysi (26)

Babesia sp. (118)

Fam.. Muridae

Subfam. Murinae (0ld World rats and mice)

74. Micromys minutus (harvest mouse)

Babesia microti (77)

75. Apodemus flavicollis (yellow-necked mouse)

Hepatozoon sylvatici (15)

76. Apodemus sylvaticus (long-tailed field mouse)

Hepatozoon sylvatici (15)

Babesia microti (77)

77 Thamnomys rutilans (shining thicket-rat)




Plasmodium berghei yoelii (55)

I=s

b. killicki (56)

o
L]

berghei (Nigeria) (57)

vinckei chabaudi (60)

e
*

ke,
°

Ve lentum (61)

o

. vinckei ssp. (59)

78. Grammomys surdaster (thicket-rat)

Plasmodium berghei berghei (54)

?P. vinckei vinckei (58)

Babesia rodhaini (97)

The.systematics of the thicket-rats present a number of
problems which some workers solve by lumping them together in
the single genus Thamnomys, sometimes divided into subgenera
(e.g. Davis, 1965). Rosevear (1969), however, suggests that 3
or 4.closely related gehera of thicket-rats may eventually be
recognised. He views the genus Grammomys as separate from Thamnomys

on the basis of (i) the absence of "gutter-hairs" found, for example,

in the pelage of Thamnomys rutilans, (ii) "indisputable differences'

in cuspidation and (iii) differences in the crania.

79. Mylomys lowei (western 3-toed grass rat)

Babesia golundae (82)

The host of B. golundae from Senegal was given as Golunda
- cémganae. This genus is Indian (Ellerman and Morrison-Scott,
1966). It seems most likely that the infected rodent was an African

groove-toothed swamp rat, and was probably confused with Pelomys

L)
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campanae. Although modern authorites are not in agreement,

Pelomys is generally considered to be absent from West Africa

where closely related forms are now placed in Mylomys represented

in that part of the continent by the single species M. lowei

(see Rosevear, 1969). Thig is, therefore, the probable identity

of the host of B. golundae. An objection to this identification

is the lack of reports of Mylomys in Senegal, but determined trapping
in the neighbouring Ivory Coast has recently shown M. lowei to be
common in that country (Rosevear, 1969), and it is likely that
Mylomys occurs in Senegal.

80. Mylomys dybowskii (eastern 3-toed grass rat)

Hepatozoon sp. (7)7

The host of this parasite was called Pscudomys cunninghami.

This is an Australasian genus (Simpson, 1945), and the rodent

was probably Mylomys cuninghamei, now considered by Rosevear (1969)

to be a synonym of M. dybowskii.

81, Arvicanthis niloticus (hargh-furred rat)

Hepatozoon arvicanthis (21)

Babesia ratti (87)

The host is referred from A.abyssinicus rubescens to A.
niloticus which Rosevear (1969) suggests is the‘only species
in the genus. Ellerman (1941) also considered there was little
essential difference between the described digtinct species of
Arvincathis.

Martoglio's (1913) record of Hepatozoon arvalis (10) in a




rodent in Ethiopia, mistaken for Microtus arvalis, was possibly

from a misidentified Arvicanthis (Brumpt, 1946).

82. Lemniscomys barbarus

Babesia avicularis (76)

Wenyon (1909) reported B. avicularis from a Sudanese rodent

"Avicularis zebrae", later corrected to Arvicanthis zebra (Wenyon,

1926). Ellerman (1941) does not list zebra as a form of Arvi-

canthis, and Wenyon's rodent was probably Lemniscomys barbarus

zebra. Lemniscomys is closely allied to Arvicanthis, and their
separate identities were not recognized until the name Lemnis-
comys was resurrected in 1916 (Rosevear, 1969). As two forms of
of L. barbarus other than zebra are known from the Sudan, the
record is best left with the subspecies undetermined.

83. Lemniscomys striatus

Babesia lemniscomysi (95)

84. Hybomys univittatus (one-striped rat)
Hepatozoon sp. (51)
Babesia sp. (120)

85. Hybomys trivirgatus (three-striped rat)

Hepatozoon sp. (47)

86. Aethomys ?kaiseri

Hepatozoon sp. (41)
There are about 16 forms of A. kaiseri among which there are
possibly two species; they are not yet sorted out satisfactorily

(Davis, 1965).



87. Rattus assimilis (allied rat)

Hepatozoon muris (2)

88. Rattus conatus (dusky field rat)

Hepatozoon muris (2)

89. Rattus norvegicus (brown rat; laboratory rat)

Hepatozoon muris (2)

Babesia decumani (78)

Babesia muris (74)

90. Rattus rattus (black rat)

Hepatozoon muris (2)

91. Rattus bowersi

Babesia decumani (78)

92. Rattus sabanus (giant long-tailed rat)

Babesia decumani(78)

93. Rattus musschenbroeki (little spiny rat)

Babesia decumani (78)
94. Rattus sp. ("grey rats")

Hepatozoon epsteini (44)

95. Mastomys natalensis (multi-mammate rat)

Babesia ratti (87)

Hepatozoon sp. (43)

The identification of this rodent presents a number of problems.

The host of the piroplasm was given as Mastomys ugandae. This was

a subspecies of M. coucha (Ellerman, 1941) a rodent which is now

known as either Mastomys natalensis (e.g. Rosevear, 1969) or

D



96, Praomys jacksoni

Plasmodium berghei berghei (54)

Babesia sp. (116, 121)

97. Praomys tullbergi

Hepatozoon sp. (48)

Plasmodium vinckei ssp. (59)

Babesia sp. (101, 109)

Praomys provides some of the most difficult problems of

Rosevear (1969) gives an up~to-date account of the difficulties

from which it may be concluded that Praomys and Mastomys are likely

to undergo extensive revision as new taxonomic procedures evolve.

'98. Stochomys longicaudatus

Babesia sp. (119)

99. Hylomyscus stella

Babesia hylomysci (113)

100. Mus musculus (house mouse)

Hepatozoon musculi (5)

Babesia musculi (110)

An unnamed piroplasm was recorded by Bruce et al. (1911)

in a white laboratory mouse (Mus musculus) in unusual circum~

stances. Mice were being used for the maintenance of a strain
of spiroéhaete isolated from the blood of a bushbuck. Seven

days after an inoculation of infected mouse blood, a recipient



mouse was found to be infected with the spirochaete and a piro-

plasm. The piroplasm was seen on four successive days and then

disappeared. Possibly it was a parasite of the bushbuck and

the concomitant infection with the spirochaete may have enabled it

to gain a temporary foothold in an abnormal host.

101.

102.

103.

104 L4

105.

106.

107.

Leggada bella (pygmy mouse)

Plasmodium berghei berghei

Lophuromys flavopunctatus

Hepatozoon sp. (42)

Acomys percivali (spiny mouse)

-Anthemosoma garnhami (122)

Bardicota indica nemorivaga (Indian bardicoot rat)

Babesia bandicootia {(107)

Nesokia indica

Babesia sp. (115)

Subfam. Dendromurinae (African tree mice)

Dendromus ?insignis

*Hepatozoon dendromus (27)

Subfam. Otomyinae

Otomys kempi

*Hepatozoon sp. (42)

DD
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Fam. Dipodidae (jerboas)

Subfam. Dipodinae

A record by Rodhain et al. (1913) of Hepatozoon (12) in the

erythrocytes of a dipodine ("Jaculus ?johnstoni) from Sankisia

in the Democratic Republic of the Congo must have been from a
wrongly identified host. The distribution of Jaculus does not
extend below the Sahara desert (Ognev, 1948), and'it is difficult
now to be sure which was the rodent examined. It might have been
a gerbil mistakén for a jerboa. Unlike the haemogregarines of
almost all other myomorphs, those of both jerboas and gerbils are

in erythrocytes, not leucocytes.

108. Dipus sagitta (rough-legged or 3-toed jerboa)

*Hepatozoon alactaguli (24)

Dipus.30werbyi, the host given in the report by Zasuchin
(1936), is listed by Ellerman and Morrison-Scott (1966) as a
subspecies of D. sagitta.

109. Jaculus gordoni

*Hepatozoon balfouri (1)

110. Jaculus orientalis (greater Egyptian jerboa)

*Hepatozoon balfouri (1)

111, Jaculus jaculus (lesser Egyptian jerboa)

*Hepatozoon balfouri (1)

112. Allactaga major (great jerboa)




*Hepatozoon alactaguli (24)

113. Allactaga sibirica (5~toed jerboa)

*Hepatozoon alactaguli (24)

Jettmar (1932) called the host Alactagulus mongolica, which

Ellerman and Morrison-Scott (1966) give as a synonym of Allactaga
sibirica.

114. Alactagulus pumilio (little earth hare)

*Hepatozoon alactaguli (24) -

A. acontion of the Qriginal report (Zasuchin, 1931) is considered
as a synonym of A. pumilio by Ellerman and Morrison-Scott (1966},
but not by Ognev (1948) who lists pumilio as a synonym of pygmaeus;

the nomenclature is confused.

MYOMORPHA incertae cedis

Fam, Gliridae
Subfam. Glirinae (dormice)

115. Muscardinus avellanarius (common dormouse)

Babesia myoxi (83)

115A Eliomys dquercinus

Babesia eliomysi (86)

]

e



CAVIOMORPHA

Fam. Ctenomyidae
117A Ctenomys sp. (tucu~tucu)

Babesia tucotucoi (93)

Fam. Caviidae (guinea pigs or cavies)
Subfam. Cavinae
There appear to be no true records of protozoa in the blood-

cells of guinea-pigs. Theileria caviae Corfgh, 1966 of Cavia porc-

ellus in Brazil was later shown to be Histoplasma capsulatum

~
(Correa and Pacheco, 1967). Macfie (1914) described two intra-

erythrocytic "parasites" from laboratory-bred guinea-pigs in

Nigeria. One, which Macfie called Paraplasma flavigellum, was
shown not to be a protozoon (Wenyon and Low, 1914), but the illus-
trations in Macfie's paper suggest that the other, Paraplasma

cobayae, might possibly have been a piroplasm.

HYSTRICOMORPHA

Fam. Hystricidae (0ld World porcupines)
Subfam. Atherurinae (brush-tailed porcupines)

118. Atherurus africanus (brush-tailed porcupine)

Plasmodium atheruri (62)




Fam, Thryonomidae

119. Thryonomys swinderianus (cane rat or cutting grass)

Babesia spp. (102, 108, 117)

)
Bruce et al. (1915) published a painting of a piroplasm
of an "edible rat". Many African rats are eaten, but perhaps

none more enjoyed than Thryonomys. Bruce's unnamed parasite

from Malawi was probably from this rodent.

264



DISCUSSION

The remarkable diversity of habits and habitats of rodents is
well described by Simpson (1955) who wrote: '"The total range of ad-
aptations in the order is extraordinary and is probably not equalled
by any other one order of organisms. Somérare amphibious or nearly
aquatic (e.g. the coypu) and some (e.g. Kangaroo mice) may never even
touch water in their whole lives. Some are among the smallest of all
mammals, some as large as bears s...... Some plow like moles, some
crawl, some hop on hind legs only, some gallop, some swim as well as
ducks, many climb trees, some glide on wing-like membranes. They
live from the polar regions to the equator and from the highest moun-
tains to below sea level. This striking exploitation of écological
niches accompanied by such widely varying habits brings rodents into
contact with many different blood-sucking arthropods. This provides
an array of alternate vertebrate and invertebrate hosts required by
the vector-borne blood-sporozoa which, in turn, appear to have well
exploited the niches provided.

With such diversity, it is difficult to draw many firm conclusions
about the true hostal and geographical distribution of the parasites
dealt with in the present work. This is made even more difficult
because the separate identities of most of the parasites have not been
established by experiments in the laboratory, and there remain many
rodents which have never been properly examined or, indeed, examined

at all, Some patterns of distribution nevertheless emerge and a



brief review, although certain to be inadequate, points the way to
new work.

Hepé£ozoon is the commonest blood sporozoan of gciuromorphs and
myomorphs, with many records from rodents indigenous to Europe,
Africa and Asia, and a few to America. Presumably thig wide dist-
ribution is at least partly due to the ubiquity of suitable inverte-
brate hosts, fleas, mites and lice, which, because of their habits,
permif the parasite to undergo development within the invertebrate
largely unaffected by extremes of ambient temperature. Gametocytes
of haemogregarines of all squirrels and most myomorphs are in leucocytes.
The exceptions are the species parasitic in jerboas and gerbils, and

in Cricetomys, Dendromus and Otomys which inhabit erythrocytes.

Piroplasms of rodents are less evenly distributed both hostally
and geographically than the haemogregarines. There are many records
of Babesia in myomorphs; especially gerbils, but comparatively fe&
from sciuromorphs. Ne records were found of Babegia in rodents other
than Rattus in the Far East, and only two from S; America. Dunn
et al. (1968) looked at the blood of Malaysian rodents but-recorded

no infections of piroplasms, and Lainson (personal communication)

has examined hundreds of BFazilian cricetids without encountering
Babesia. This unexplained rarity gf piroplasmé of rodents in some
places is important when considering the source of infection of rare
cases of piroplasmosis of man such as those recorded from Jugoslavia
(Skrabalo and Deanovic, 1957), the U.S.A. (Scholtens et al., 1969;

Benson et al, 1969), and the Republic of Eire (Fitzpatrick et al.,
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1968).

Hepatocystié is unknown in any host in the New World or Austral-

asia, and it appears to be restricted to the 0ld World Tropics where
it has been recorded from monkeys, the mouse~deer, the hippopotamus,

bats and squirrels. The species infecting squirrels are from Asia,

and although Hepatocystis is common in monkeys in Africa (see Garnham,
1966), it has never been recorded in an African rodent.

As with Hepatocystis, Plasmodium is not known in New World rodents.

True malaria parasites of mammals other than man are poorly represented

in that continent; two species, P. simium and P. brasilianum, are
known from S. American.monkeys, and an unnamed malaria parasite has

been reported in deer from Téxas (Kuttler et al., 1967). Murine ro-
dents, among which are hosts of Plasmodium in Africa, are not indigenous
to the New World, and it is tempting to assume that true malaria para-
sites are absent in Soufh American rodents of other families.

Species of Plasmodium of rodenfs are known from (i) semi-arboreal
African murines of the Lower Guinea Forest, (ii) two African and two
Asian flying squirrels and (iii) the African brush-tailed porcupine.
With the exception of the last of these animals, infections of which
are acquired in a restricted biotope in caves (Mouchet et al., 1957),
terrestrial rodents seem not to occupy a niche where they are likely
to become part of an anopheline - malaria - rodent complex. In the
vast forests of South America, arboreal rodents would appear to be the
ones most likely to harbour malaria parasites.

In Africa, the distribution of the malaria parasites of murine



rodents is apparently restricted to the periphery of the Lower
Guinea or Congo Forest, which extends from Katanga in the east,
to Nigeria in the west. The principal vertebrate hosts are

Thamnomys and Grammonmys, semi-arboreal rodents which flourish in

secondary forest formed by the farming activities of man, or in
forest galleries.

| A number of negative surveys have been carried out in the Upper
Guinea Forest west of the Dahomey Gap (sge Killick-Kendrick, 1971).
In this part of Africa, arboréal murids appear to be scarce or

difficult to catch, and although Thamnomys and Grammomys occur, they

are seldom encountered. Bellier (personal communicatioh) suggests
they have been largely geplaced by another semi-arboreal rodent,

the iittle-known Dephomys, following harsh competition among sylvatic
rodents during dessication and fragmentation of the Upper Guinea block
some -time well into theAlate Pleistocene (see Moreau, 1963, 1964).

The vicissitudes of this part of the African forest must also have
affected the sylvatic anophelines, and possibly malaria parasites

are not present in murids in this most westerly part of the continent.
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Introduction

During the search for malaria parasites of flying
squirrels in the Ivory Coast (see Part III), two trypanosomes
4and two haemogregarines were found. Brief notes on the in-
cidence and morphology of these parasites are given in this
appendix; full accounts will be prepared when all the material

has been examined.

TRYPANOSOMES OF AFRICAN FLYING-SQUIRRELS -

Trypanosomes were in thé thick films of heart blood

of 10/15 Anomalurus peli and 5/6 A. derbianus. Parasitaemias

were all low. The descriptions given below are of the tryp-
anosomes in the thin blood films of A. peli No 70/37 and A.
derbianus No 70/34. The parasite of A. peli was identified

as Trypanosoma denysi, while that of A. derbianus is previously

undescribed*, °~ No trypanosomes were seen in thick and thin

films of heart blood from 16 Idiurus macrotis.

* T thank Dr C.A. Hoare F.R.S. for advice on the identity
of the trypanosomes.



T. denysi in A. peli (fig.9 )

The longest forms of this'large trypanosome measured
more than 50 pm; they were 5 pm wide. The undulating mem-
brane was moderately well developed and a free flagellum was
.always present. The kinetoplast was round, subterminal and almost
always marginal; it was never close to the nucleus which lay
in the anterior half of the body. No dividing stages were
seen, but about a third of the trypanosomes were slender,
smaller forms which were,presumably, growing stages.

Hoare (in press) synonymizes T. anomaluri Schwetz, 1933,

with I. denysi Rodhain, Pons, Vandenbranden and Bequaert, 1912,

Both reports are from the Congo - Kinshasa. The hosts in

both instances can be presumed to be A. derbianus (see Hoare,

in press). Schwetz's description is better than that of

Rodhain et al. (1912, 1913), and in all respects except one the
parasite of A, peli is indistinguishable from his parasite.

In Schwetz's (1933) description an almost constant morpholbgical
character was a twist at the end of the body posterior to the
kinetoplast. This was never seeh iﬁ any of the trypanosames

‘of A. peli, bu£ great significance is not attached to Schwetz's
observations since it may be the result of the way the blood films

were prepared. On the present evidence, the parasite of A. peli



Figufe 9

Trypanosoma denysi in the blood of Anomalurus

peli No 70/37 (X 2,100).
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is identified as T. denysi in a new host and new loéality.

As pointed out by Hoare (in press) it 'is not possible confidently
to assign T. denysi to one of the subgenera of mammalian
trypanosomes. It has the morphology of the Stercoraria in

which there are three subgenera: Megatrypanum, Herpetosoma

"and Schizotrypanum. It bears no resemblance to the cruzi

- like trypanosomes of the last subgenus, but has the general

appearance of a member of Megatrypanum with the kinetoplast

in the position of the species ih.HerEetosoma (Hoare, 1964,

1966, in press). -

Trypanosoma sp. in A. derbianus (fig 10 ) ' < .

This trypanosome had‘the morphology of the subgenus
Heggétosoma Doflein, 1901 (see Hoare, 1966). The mean
length of six trypanosomes was 40.8 pm (33.5 - 47.5 pm); the
width was 1.5 = 2;2. um.  The undulating‘membrane was well
developed and thrown into folds; a frée flagellum was always
present. "The kinetoplast was large,'round and subterminal;
and usually lay centrally, filling the width of the pointed
posterior end. The nmucleus lay in the anterior half of the
body at a point where it began to nafrow. No‘dividing stages

were seehe.



Figure 10

Trypanosoma sp. in the blood of Anomalurus

derbianus No 70/34 (X 2,100).
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This trypanosome differed from T. denysi by its smaller
size and narrower body, its monomorphism and, most strikingly,
by the larger size and central position of its kinetoplast.

It is thought to be a new species.

HAEMOGREGARINES OF AFRICAN FLYING SQUIRRELS

Gametocytes of haemogregarines were found in smears

of heart blood of 4/16 Idiurus macrotis. There were two

species, both parasites of leucocytes. ' There were none in

the blood of 15 A. peli and 6 A. derbianus.

The commoner haemogregarine (later found by the writer
in 10/16.I.Vma§r§fié ip the West Cameroons) was in all four
infected animalé; it is referred to here as the short
haemogregarine. One of the four animals (No 70/58) was
also infected with a second héemogregarine, here referred to
as the long haemogregarine. In the thick blood fiim of this
animal three immature schizonts were found. Because of
the size of the forming gametocytes of the most mature gchizont
(described below) these were thought to be the division stages
of the long haemogregarine. No schizonts have yet been found
in sections of the heart, lungs, liver, spleen or kidﬂ;y of

the host.

In thick blood films gametocytes of both haemogregarines




had left the host cells, and even in thin films rapidly dried
with gentle heat the majority of the parasites were lying free.
The speed with which the gametocytes left the cell is rare
with mammalian haemogregarines, though common in many haemo-

gregarines of reptiles,

The short haemogregarine of I. macrotis (fig 11)

This was a parasite of mondcytes. The intracellular
gametocytes were broad elonggte bodies with a lightly vacuolated
cytoplasm. The nucleus was a darkly staining beaded mass,
frequently rectangular, lying ;t about the centre of the body.
Free forms were more slender than the intracellular forms, and
tended to have one end of the body more pointed than the other.
The mean size of 10 extracellular gametocytes was 11.9 X 28 um
(10.5~13.5 X 2.0 - 3.4 pm); the mean length of their nuclei
was 6.3 pm (5.7 - 7.0 um). |

There appear to be no published records of haemogregarines
of pygmy flying squirrels, although several true sciuromorphs
are hosts of these parasites (see Part V). Because of the
special habits of Idiurus and ité lack of a close relationship
to the true squirrels, it is assumed that the short haemogregarines
is new. To be sure of the genus to which it should be assigned

it is necessary to know the site of schizogony (see Wenyon, 1926).



Figure 11
Intracellular and free gametocytes of Hepatozoon

sp. (short form) in the blood of Idiurus macrotis

No 70/58 (X2,100).
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But since the morphology of its gametocytes is similar to the
well-studies species of Hepatozoon Miller, 1908 of rodents, the
short haemogregarine is considered to be a new species of this

genus.

The long haemogregarine of I. macrotis (fig12)

The extracellular gametocytes of this parasite were so
iong and slender that they were at first mistaken for micro-
filariae. A closer examination revealed that they had only a
single nucleus and were protozoa. A resemblance to the long
haemogregarines of some reptiles and amphibia was recognized;
and the thin film was searched completely in an attempt to find .
intrQCellular parasites. Two were found in monocytes (fig 12).
They measured 32.7 X 2.0 ym and 37.0 X 1.8 pm; the length of
their nuclei was 12.5 um and 13.0 um respectively. The nucleus
of both intra and extracellular forms stained deeply and had a
beaded appearance. It usually lay towards one end of the body.
Once intracellular forms were recognized, other infected cells were

found but, in all except the two described above, only the nucleus

of the parasite was clearly seen. All infected cells were monocytes.

Ten free_gametocytes in the thin blood film measured 33.2 X 1.5 um

(27.5 - 38,5 X 1.2 ~ 1.7 ym); the mean length of their nuclei
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Figure 12

Intracellular and free gametocytes of Hepatozoon

sp. (long form) in the blood of Idiurus macrotis

No 70/58 (X 1,800).
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was 13.8 pm (10.5 17.5 pm).

The three immature .schizonts (mentioned above) in the thick
film of heart blood of Idiurus No 70/58 had a mean diameter of
29 pm. They all had a much vacuolated cytoplasm, typical of
schizonts of haemogregarines, and in one (Plate 11 ) the beginnings
-of the formation of gametocytes were visible. -This schizont con-~
tained 30-40 elongate nucleil lying parallel to each other. Since
the size of the partly formed gametocytés was too big for them
to have been the short haemogregarine of the same rodent, it is
assumed that the schizonts wepre developmental stages of the long
form.

The long haemogregarine of Idiurus has by far the longest
gametocytes of any species infecting mammals. Alfhough its morphf
ology is not typical, it seems best for the moment to view this .
distinctive parasite as a new species of Hepatozoon, the only
haemogregarine of mammals. As with so many haemogregarines,
its true generic status will remain doubtful tntil more stages of

the life—cjcle are seen.
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in paper 8. : '
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Reprinted from the BRITISH MEDICAL JOURNAL,
15 May 1971, 2, 375-378

Experimental Toxoplasmosis in
Chimpanzees

C. C. DRAPER, R. KILLICK-KENDRICK,
W. M. HUTCHISON, ]. CHR. SIIM,
P. C. C. GARNHAM

Summary

Two chimpanzees were given by mouth large numbers of
viable oocysts of Toxoplasma gondii obtained from the
faeces of experimentally infected cats. Before the experiment
the first chimpanzee had a positive dye test reaction (1:250),
an indication that it had undergone an earlier infection of
toxoplasmosis; the serum antibody titres remained unchanged,
no evidence of illness was found, and oocysts did not appear
in its faeces during the subsequent six weeks. The second
chimpanzee showed a negative dye test reaction before infec-
tion, and this converted to positive on the 7th day, rose to a
peak on the 35th day, and remained high for six months. This
animal appeared unwell during the first week, and on the 7th
day its blood proved infective to mice; on the 40th day the
lymph nodes became enlarged and biopsy specimens of a node
and muscle in the 11th week were also infective to mice. No
oocysts were passed in the faeces. The presumed cycle in the
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chimpanzee ‘and in man and the relationships between Toxo-
plasma and Isospora are discussed,

Introduction

Hutchison et al. (1970) elucidated the coccidian nature of Toxo-
plasma gondii by feeding specific pathogen-free cats with
material infected with the cysts of this organism and observing
typical stages of a coccidian parasite in the intestinal mucosa
and faeces of the animals at various intervals after ingestion of
the cysts. This work was confirmed by Sheffield and Melton
(1970) and by Frenkel ez al. (1970) in the United States, and
by other workers in Germany, Holland, and Brazil. In all in-
stances the cat was the experimental host and the infective
forms were oocysts of a characteristic isosporan morphology
(with two sporocysts each containing four -elongated
sporozoites).

Though toxoplasmosis is known to be transmitted in various
ways, such as by placental passage, contamination of wounds,
and consumption of infected uncooked meat, these new obser-
vations indicate that the natural biological cycle involves the
swallowing of oocysts and the subsequent development of the
parasite in the small intestine.

T. gondii is such a common human parasite that it is obvi-
ously important to determine the significance of these stages
in the life history of the organism in natural infections in man.
Though such infections are usually inapparent and rarely
accompanied by disease it is clearly unjustifiable to use human
volunteers to observe the reaction of man to-the ingestion of
oocysts, Accordingly, we fed oocysts to two chimpanzees,
animals which are well known to exhibit a response to proto-
zoan parasites similar to that shown by man, particularly if
they have been previously splenectomized. Only two chimpan-
zees were available; it would have been better to have used a
larger number but this was impracticable because of the high
cost of these animals. Nevertheless,. the results obtained suggest
the sequence of events which may follow the ingestion of
toxoplasma oocysts by man.

Our observations were directed to the following ‘points:
(1) clinical response, (2) passage of oocysts, (3) recovery of the
organism in blood or tissues, (4) serological reaction, and (5)
persistence of cysts in organs of animals after 2 long period
(this work will be the subject of a later note.)



Materials and Methods

Oocysts of T. gondii were prepared by feeding tissue cysts of
-the Beverley strain to specific pathogen-free cats and recovering
oocysts from their faeces by flotation (Hutchison, 1967). No
other protozoan parasites were present in the facces and the
viability of the oocysts was checked by intraperitoneal inocu-
lations into white mice. T'wo immature female chimpanzees
about 15 kg in weight were used for the experimsnts. The
older, “Bonnie,” had undergone splenectomy one and a half .
years previously and soon afterwards had had a sporozoite-
induced infection of Plasmodium vivax; about six months pre-
viously she had had a blood-induced infection of Plasmodium
falciparum. The other chimpanzee, “Justine,” had had a
splenectomy and a sporozite-induced infection of P. vivax
about one year previously. In both animals low parasitaemias
from relapses of the P. vivax infections were occasionally seen.

Qocysts were given to the chimpanzees by making a suspen-
sion in a milk substitute which was readily drunk. Thereafter
all faeces found in their cages were collected every one or two
days and were examined for excreted oocysts by flotation. The
separations were allowed to stand for two weeks at room tem-
perature and each was examined microscopically for oocysts
before being administered to a group of four mice. Each mouse
in the group received orally 1 ml of a suspension containing
approximately 1/16 of the separated material. After five weeks
all mice were killed and their brains were examined for tissue
cysts; dye tests were performed on samples of sera.

Several specimens of serum were taken from each chimpan-
zee before attempted infection and thereafter they were bled
at about weekly or, later, fortnightly intervals. The coded sera
were stored at —20°C and were later examined for specific
antibodies by the dye test of Sabin and Feldman (1948) as
standardized by Aargaard (1960), and by a complement fixation
test. Some sera were also examined by an indirect fluorescent
antibody test, following in general the method of Kagan and
Norman (1970) and using a Nordic rabbit antthuman serum
conjugate, All serum titres are given as reciprocals of the
dilutions.

Each time the chimpanzees were bled after infection 0-25 ml
of whole blood, treated with Sequestrene, was at once inocu-
lated intraperitoneally into each of four mice. These had pre-
viously been bled and their serum had been examined by the
dye test and found negative; they were kept separately from
the chimpanzees. The mice were looked at every few days and
the brains of any that were sick or dead were examined for
tissue cysts. After periods ranging from 5 to 12 weeks the
surviving mice were bled and dye tests were performed; the
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brains of any that showed a serum conversion from negative
to positive were examined to confirm the diagnosis.

Total white blood cell counts were also done on the blood
from the chimpanzees.

Results

Chimpanzee Bonnie was used for the first experiment. Several
specimens of sera taken before attempted infection had shown
the presence of pre-existing antibodies to toxoplasma, titres-of
250 in the dye test and of 16 to 32 in the complement fixation
test being obtained. She was then fed about 1-5 million oocysts.
Some of the actual oocyst suspension was also later force-fed
to mice, all of which became sick or died after two to three
weeks and tissue cysts were scen in their brains. Her faeces
were examined for five weeks but no cocysts were seen, though
numerous other protozoan cysts, and nematode ova and larvae,
were found. These are common in chimpanzees and could not
have come from the inoculum as this contained only toxo-
plasma oocysts. No isolations of toxoplasma were made from
weekly blood samples taken over seven weeks, and neither in
these samples nor in later ones, taken up to 16 weeks after
attempted infection, was any antibody change measured by the
dye and complement fixaticn tests. There were no significant
variations in the white blood cell counts and the animal re-
mained well throughout. We assume that it had suffered a
previous infection with toxoplasma and was immune to re-
infection.

A different course of events was observed with Justine, in
whose serum there were no pre-existing toxoplasma antibodies.
She was fed a total of about 25 million oocysts in two doses
on consecutive days; the first dose was a new preparation and
the other was material remaining from the first experiment
two months earlier. Tissue cysts were found in the brains of
mice dead or sick two to three weeks after having been fed
oocyst suspensions from both occasions. The chimpanzees
faecces were examined for a period of six weeks but no toxo-
plasma oocysts were seen though, as in Bonnie, many other
organisms were found. However, an isolation was made from
blood taken one week after infection; two of four inoculated
mice showed a dye test conversion to positive and tissue cysts
were found in the brain of one of them., Weekly blood samples
from Justine were tested for up to nine weeks after infection
but no other isolations were made.

During the first week the animal appeared listless and off its
food; there was no diarrhoea. Some temporary en'argement of
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the superficial lymph nodes was noticed about six weeks after
infection, but there was no appreciable variation in the white
blood cell counts over a period of 13 weeks. Retinoscopy at 11
weeks showed no evidence of chorioretinitis or other patho-
logical changes in the eyes. Eleven weeks after the animal had
received the oocysts biopsy specimens were taken of an inguinal
lymph node and of muscle from the thigh, and a lumbar punc-
ture was done to obtain cerebrospinal fluid. About 1 g of the
node and muscle were separately ground up in isotonic saline
and 025 ml of each suspension and a similar amount of
cerebrospinal fluid was inoculated into three groups of five
mice. The first two groups showed dye test conversions and
tissue cysts were found in their brains, while the third group,
which received cerebrospinal fluid, remained negative.

The serological findings in Justine are shown in Fig. 1. The
titres of the antibodies demonstrated by the dye and indirect
fluorescent antibody tests started to rise one week after infec-
tion, when the isolation of toxoplasma from blood was made,
and continued to rise steadily until plateaux of 6,250 and 4,096
respectively were reached by the 35th day. The first rise in
complement fixation antibodies was detected on the 20th day.
‘The dye and indirect fluorescent antibody test antibodies had
similar titres throughout the observations, whereas the com-
plement fixation antibodies ran parallel at a lower level.
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FIG. 1-—Serum antbody titres in chimpanzee Justine after fccdmg with
toxoplasma oocysts.



Discussion

The serum of the first chimpanzee (Bonnie) gave positive dye
and complement fixation tests before the administration of
oocysts, and the subsequent serological reactions suggest that
there was no response to the new infection. Premunition is
thought to be the usual response to a previous infection with
toxoplasma and such an animal would be resistant to challenge.

The serum of the second chimpanzee (Justine) gave negative
antibody reactions before the experiment began and then con-
verted to positive in a typical response later. In spite of the
massive dose of oocysts the clinical reaction was slight and
similar to the latent of mild form which the infection usually
assumes in man. The failure of the animal to produce oocysts
is again typical of what apparently happens in other animals
(except cats) after infection either by cyst-infected meat or by
oocysts (see Fig. 2).
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FIG. 2—Possible developmental cycles of toxoplasma in different hosts.

It might be thought that the inability of animals other than
cats and various wild felines (Frenkel, 1970) to produce cocysts
is due to their unsuitability as normal or biological hosts for
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T. gondii. The oocyst is the product of the sexual cycle and
there are many examples in other sporozoan parasites, such as
malaria, of the extinction of the sexual cycle in abnormal hosts,
though the asexual cycle may be profuse. Some support is
given to this theory by the course of the infection in the second
chimpanzee. The sporozoites from the oocysts must have in-
vaded the intestine and presumably have given rise to at least
one cycle of schizogony in the mucosal cells. It is suggested
that the merozoites of this generation, instead of continuing
schizogony and gametogony in the intestine, invade the portal
circulation or lymphatics to reach the lymphatic nodes (see
Fig. 2). Here they enter mesodermal cells to produce pseudo-
cysts after- multiplication by endodyogeny. It is possible, how-
ever, that the sporozoites proceed directly to such a site.

Smetana (1933) showed that the sporozoites of another
coccidian parasite (Eimeria stiedae) travel directly from the
duodenum via the blood stream to the bile ducts where they
start their endogenous development; also Sheffield and Melton .
(1970) showed that sporozoites, freed from the oocysts of
T. gondii, are capable of undergoing immediate asexual devel-
opment in tissue cultures of monkey kidney cells. Lotze et al.
(1964) reported the metastatic growth of the coccidian parasite
Eimeria arloingi in the mesenteric lymph nodes 13 days after
lambs and goats had received oocysts.

Our own observations showed, firstly, that the blood of the
chimpanzee contained T. gondii on the 7th day after ingestion
of oocysts, and, secondly, that lymph nodes and muscle re-
moved in the 11th week were also infective. We suggest there-
fore that the possible course of infection in man and other
animals is invasion of the intestine by the sporozoites, followed
either by a preliminary cycle of schizogony in the mucosa or
by transport to the neighbouring lymph nodes where they
multiply by endodyogeny into pseudocysts. If the former occurs
then the merozoites are assumed to penetrate into blood vessels
in the intestinal wall and thereby reach lymph nodes and other
tissues. This so-called aberrant cycle involving the production
of pseudocysts and tissue cysts is, however, peculiar to toxo-
plasma and is of totally different character from the rare meta-
static development of E. arloingi where division of the parasites
takes place by schizogony as in the primary seat in the intestinal
mucosa. The existence of the aberrant cycle is the chief reason
for retaining toxoplasma as a separate genus. Nevertheless, it
would be interesting to inoculate portions of intestine contain-
ing mature schizonts of various species of Eimeria or Isospora
into homologous or heterologous hosts which have been given
immunosuppressant therapy. Perhaps, then a generalized
“toxoplasma” type of infection would be established.

Valid species of Isospora occur in man and cats in addition
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to many other vertebrate animals, and their oocysts require
careful differentiation from those of T. gondii. Two species of
Isospora are found in man, 1. belli and 1. hominis. The oocysts
of I. belli are a characteristic shape and are larger than those
of T. gondii. There is, moreover, some evidence that a previous
infection of I. belli confers no immunity to toxoplasma.
Garnham and Killick-Kendrick (1965) reported a laboratory
infection of I. belli in a man whose serum, when examined
four years later, showed a titre of 1,280 in the indirect fluores-
cent antibody test for toxoplasma; this indicates a recent infec-
tion of toxoplasmosis and an absence of any cross-immunity
derived from the earlier infection with I. belli. Oocysts of [I.
hominis, on the other hand, are similar in size to those of
T. gondii, and it is not yet known if there is a cross-immunity
between these two parasites.

The presence of several species of Isospora in cats, in addi-
tion to natural infections of T. gondii (Jacobs, 1967), may give
rise to confusion. Zaman (1970) compared the morphology of
oocysts of toxoplasma with those of I. felis, 1. rivolta, and the
large type of I. bigemina, and it is clear that toxoplasma is
different from these species of Isospora. But the oocysts of the
small type of I. bigemina are similar to, if not identical with,
oocysts of toxoplasma, and the possibility that they may be
one and the same cannot be discounted on morphological
grounds alone. Infections of cats with oocysts of the large type
of 1. bigemina have been shown by Owen (personal communi-
cation) to be accompanied by sera giving a negative dye test.

We owe many thanks to Miss J. Dorrell, of the Ross Institute,
for much assistance with the observations on the chimpanzees. The
dye and complement fixation tests were done by Miss Ebba
Moller and Miss Else Lauritzenen, and the indirect fluorescent anti-
body tests were dohe by Mr. S, Thaver. We are grateful to Mr. M.
Hime for performing the biopsies and the retinoscopy, and we
acknowledge also useful discussions with Professor L. J. Bruce-
Chwatt. The chimpanzees were purchased from funds kindly made
available by the World Health Organization.
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THE COLLECTION OF STRAINS OF MURINE MALARIA
PARASITES IN THE FIELD, AND THEIR MAINTENANCE
IN THE LABORATORY BY CYCLICAL PASSAGE

R. KILLICK-KENDRICK

Department of Zoology and Applied Entomology, Imperial College
Field Station, Ascot, Berks.

The subspecies of the two murine malaria parasites, Plasmodium berghei and
P. vinckei, are known from only four countries of West and Central Africa:
Congo-Kinshasa; the Central African Republic (C.A.R.); Congo-Brazzaville;
and Nigeria* (Fig. 1). Strains have been collected from mosquitoes and rodents
or from rodents alone in each of these countries.

In Katanga Province of Congo-Kinshasa, P. berghei berghei Vincke and
Lips, 1948 has been found in a number of localities including forest galleries at
Kisanga and Kasapa; near Lumbumashi (Elisabethville); at Kanzenze, near
Kowezi; on the eastern edge of the Kundelungu Plateau; at Sandoa, Kamina
and Kamena; and just north of Kalemi (Albertville) (Vincke, 1954; Vincke er al.,
1966; Bafort, 1969). The collecting sites are in forest galleries at high altitude
(1,000-1,700 m above sea level) notable for the low ambient temperatures
throughout much of the year (Vincke, 1954; Yoeli, 1965; Vincke et al., 1966).

The type locality of P. vinckei vinckei Rodhain, 1952, also in Katanga
Province, is a forest gallery on the River Kinga 9 km south of the village of
Kamena, where the only two known strains of this subspecies were isolated from
wild-caught mosquitoes (Rodhain, 1952; Bafort, 1967). Bafort (1969) gives an
account of the topography of the locality, which lies 1,100 m above sea level with
notably low temperatures within the gallery.

In the C.A.R. strains of P. berghei yoelii Landau and Killick-Kendrick, 1966
and P. vinckei chabaudi Landau, 1965 have been isolated from rodents collected
at several places not far from the Station Expérimentale de la Maboké, 150 km
from Bangui, including the village of Bébé, between Bébé and Boukoko, and
between Bébé and Bagandou (Landau and Chabaud, 1965; Landau and Killick-

* British and French workers recognize the parasites from the different countries as
subspecies of P. berghei and P. vinckei (Landau and Killick-Kendrick, 1966a, b; Garnham
et al., 1967; Garnham 1967, 1968; Landau ef al., 1968, 1970) but Bafort ef al. (1968) and
Bafort (1970) doubt the wisdom of dividing P. berghei into subspecies and question the
differential criteria.
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FiG. 1. Map of Africa showing the known distribution of murine malaria parasites,

Kendrick, 1966b). These villages lie in secondary forest on the edge of high
forest at an altitude of 600 m; ambient temperatures are higher than in Katanga.
Widespread surveys have not been done in the C.A.R., and there is no reason
to suppose that the distribution of P.b. yoelii and P.v. chabaudi is limited to these
few places.

The type locality of P. berghei killicki Landau, Michel and Adam, 1968 and
P. vinckei lentum Landau, Michel, Adam and Boulard, 1970 is a forest gallery
near the village of N’ganga Lingolo, 15 km from the capital of the Congo-
Brazzaville. Strains were isolated from rodents caught on a wooded slope on the
right bank of a small stream on the western border of this small, very degraded
forest (Adam et al., 1966; Landau, 1966). Apart from the lower altitude (600 m)
and a higher ambient temperature, this locality is said to resemble the ones in
Katanga. Although the forest is a reserve, it is being rapidly destroyed by farm-
ing activities. Adam (personal communication) is examining rodents from other
parts of the country in an attempt to discover other enzootic localities.

In the Western State of Nigeria, as yet unnamed subspecies of P. berghei and
P. vinckei have been isolated from rodents trapped in secondary forest and farm-
land along the edge of the Ilaro Forest Reserve near the village of Ilobi (longi-
tude 3°03 E., latitude 6°45 N). This is the lowest of the lowland localities, lying
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at an altitude of only 100 m (Bruce-Chwatt and Gibson, 1955; Killick-Kendrick
et al., 1968).

The distribution of murine malarja parasites thus appears to be restricted to
the periphery of the Lower Guinea or Congo Forest, the degraded fringes of
which lie in Katanga in the east and Nigeria in the west (see Moreau, 1964).
Unpublished results of surveys in other parts of Africa by Gunders and Bray
(Liberia), Michel (Ivory Coast,) Cross (Sierra Leone), Davis (South Africa),
Keymer (Malawi) and Matson (Rhodesia) have so far failed to reveal collecting
sites other than in the Lower Guinea Forest, The principal vertebrate hosts in
the enzootic localities are thicket-rats, Grammomys and Thamnomys,* semi-
arboreal rodents which live in forest galleries or in secondary forest formed by
farming activities (Plate 1). If these and other semi-arboreal rodents are inten-
sively collected and properly examined in unsurveyed parts of the Lower Guinea
Forest, new collecting sites will probably be discovered, but evidence is slowly
accumulating that malaria parasites may be absent in murine rodents in other
parts of the continent.

COLLECTION OF STRAINS FROM RODENTS
INCIDENCE OF INFECTION

In the C.A.R. and Congo-Brazzaville, the only murine host of Plasmodium yet
discovered is Thamnomys rutilans. Remarkably high rates of infection have been
recorded in the C.A.R., where Landau and Chabaud (1965) found every aduit
thicket-rat was infected with P.v. chabaudi and about half were additionally
infected with P.b. yoelii but infections were never seen in young thicket-rats
aged about 2 months.

In Brazzaville, the incidence of infection is lower. From the examination of a
single thick blood-film from each animal, Adam et al. (1966) found 10 out of 24
Thamnomys collected in March-May 1966 infected with P.v. lentum; one rat
was also infected with P.b. killicki. A second strain of the latter parasite was
isolated from a Thamnomys, also with a double infection, collected in September,
1966 (Landau et al., 1968).

Unpublished observations by Bruce-Chwatt and Gibson and later work by
Killick-Kendrick ez al. (1968) show that Thamnomys rutilans is again the
principal vertebrate host in Western State, Nigeria. More than 2,500 Nigerian
rodents have been systematically examined by the inoculation of blood into
white mice. Only 1 out -of 1,607 Praomys tullbergi was found infected with a
P. vinckei-like parasite (see Bruce-Chwatt and Gibson, 1955), whereas 6 out of

* Rosevear (1969) suggests that 3 or 4 closely related genera of thicket-rats may eventually
be recognized, but at the moment he separates only Thamnomys and Grammomys. The latter
genus lacks gutter-hairs in the pelage, and in Rosevear’s view also differs from the former in
cuspidation and cranial features.
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18 Thamnomys rutilans were infected with what was almost certainly the same
parasite; 1 Thamnomys was also harbouring a second parasite which is thought
to be a new subspecies of P. berghei (Killick-Kendrick et al., 1968). During
Novermnber 1968 Lambo (personal communication) examined blood films from
7 Thamnomys from Ilobi and found malaria parasites in 5; in 1969 he and Mrs.
Otitoju found 2 out of 6 infections in January, 0 out of 24 in April and 3 out of
16 in May. It thus seems possible that transmission in western Nigeria may be
at a peak in November, about a month after the end of the rainy season.

In the early work in Nigeria, blood from good samples of Lemniscomys
striatus, Hybomys trivurgatus, Stochomys longicaudatus and Lophuromys
sikapusi failed to give rise to infections in mice, and it may be assumed that these
species are seldom, if ever, infected in nature. Some other rodents in the locality,
notably Leggada musculoides have, however, not been examined and further
work may yet reveal other hosts.

Of the four known localities, the infection rate in rodents is the lowest in
Katanga where three murines Grammomys surdaster, Praomys jacksoni and
Leggada bella, have been found infected (Vincke, 1954). Unlike the lowland
localities, patent infections in Katangan rodents have only seldom been seen
(Vincke, 1950). Subpatent infections of P.b. berghei, diagnosed by the inocula-
tion of blood into mice or white rats, were found in 7 out of 61 Grammomys
and 5 out of 99 Praomys (Vincke, 1954). Infected animals were found in both
the wet and dry seasons. During Bafort’s (1969) work on the River Kinga,
blood from 48 rats was inoculated into white mice and one strain of P.b. berghei
was recovered from a Grammomys. No natural infections of P.v. vinckei
patent or subpatent, have yet been encountered in rodents in Katanga.

The low incidence of infection in Katangan rodents contrasts sharply with
the reports from the lowland localities, and is difficult to understand. There may
be other hosts not yet discovered, or the presence of piroplasms in Katangan
rodents (see van den Berghe et al, 1950; Rodhain and Vincke, 1953; Bafort
et al., 1970), may afford some protection against malaria. A cross-immunity
between murine malaria parasites and Babesia rodhaini, a piroplasm of Gram-
momys, has been demonstrated (Cox and Milar, 1968). In practical terms, the
low incidence means that strains of the Katangan parasites (P.b. berghei and
P.v. vinckei) are more usually isolated from wild-caught mosquitoes than from
rodents. In the lowland localities, however, where the vectors are not known, the
best approach to the collection of strains is the same in each place; to paraphrase
Mrs. Beeton, first catch your thicket-rat.

TRAPPING THICKET-RATS

Suitable traps, used by French workers in Brazzaville and British workers in
Nigeria, are available from Manufrance, St. Etienne, France (catalogued as
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“16-7870 Ratier”’). They are made of galvanized wire, spaced at intervals of 1
cm, forming a rectangular tunnel 40x12x14 cm. At each end are spring-
operated doors which are released by the movement of a vertical locking-wire
bearing the bait. T. rutilans takes apple, banana, or palm-nuts readily, whereas
Bafort (1969) caught G. surdaster and Praomys with groundnuts or cassava.

In Nigeria, 7. rutilans was caught only in traps set in bushes, and among
the 2,000 rodents caught on the ground by Bruce-Chwatt and Gibson, none was
a thicket-rat. G. surdaster, on the other hand, appears to be less arboreal in habit
than T rutilans and may be caught on the ground (Bafort, 1969).

The presence of nests of T. rutilans is an infallible guide to a good trapping
site. In Nigeria the nests are built in creepers, and banana and cocoa trees, 1-5-
2-5m from the ground (Plate I1a). The preferred habitat is fallow farm land
and secondary forest. The nests are oval and measure about 18 X 12 cm. They
have an outer layer of leaves untidily woven from the bush in which the nest is
built. The inner part of the nest is made of long strips of stems of bushes looking
like dried grass; there is usually no obvious entrance, During the day T. rutilans
is found in the nest which it quickly leaves as soon as the nest is disturbed,
In the C.A.R., Genest and Petter (in press) found that the nests of 7. rutilans
lacked the outer leaves always found in Nigeria.

There is apparently no published description of the nests of G. surdaster
although it has been said that this thicket-rat nests in holes in trees (Yoeli,
1965; Yoeli et al., 1965).

In parts of Katanga and the C.A.R. where thicket-rats are hunted for the pot,
large numbers of living rats may be bought from hunters. In villages north of
Ibadan in Nigeria, Happold (personal communication) obtains Thamnomys
from schoolchildren who catch the rats in traps made of tins.

Apart from T. rutilans and G. surdaster, there are several other thicket-rats
which appear not to have been examined for malaria. These, and other murine
rodents with arboreal and semi-arboreal habits such as Thallomys, Dephomys,
Hylomyscus and Qenomys, should be considered as possible hosts of malaria
parasites.

Many African murids are difficult to identify, and 1t is advisable to eviscerate
all specimens and fix them in 109 formalin so that field identifications may be
confirmed by specialists.

EXAMINING WILD RATS FOR MALARIA PARASITES

Patent infections are diagnosed by the examination of thick and thin blood films
of caudal blood (obtained by cutting off the tip of the tail), after staining in
Giemsa’s stain diluted with buffered water at pH 7-2 (see Shute and Maryon,
1966; Garnham, 1966). Parasites may be difficult to recognize in thick films,
but as long as they are stained 3-24 hours after preparation, reasonable lysis in
staining takes place, and readable films are produced (Plate IIB). In humid
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conditions films should be dried with gentle heat; they must be protected (e.g.
in a plastic bag) against the predations of flies and ants.

Subpatent infections are diagnosed by the intra-peritoneal inoculation of up
to 1 ml of blood, obtained by heart puncture under ether anaesthesia or from
the retro-orbital plexus. into laboratory-bred rodents. Such subinoculation of
blood or other tissue into a susceptible host as a diagnostic test is termed
‘isodiagnosis’ by Sergent (1963).

If wild African rodents are caught in conditions where it is not possible to
prepare and examine blood films, a rough survey can be done simply by killing
and opening the animals and looking at their spleens. In chronic low-grade
infections this organ, and to a lesser degree the liver, becomes pigmented, though
not necessarily enlarged. Spleens of animals with primary parasitagmias are not
pigmented, but it is unlikely that all infections will be at this stage. If pigmented
spleens are seen, the preliminary survey should be followed by attempts to
demonstrate parasites and establish strains in the laboratory.

An efficient routine of examination using a combination of methods is to
collect the animals alive, and, firstly, to examine stained thick and thin blood
films. Rodents with negative films are then anaesthetized with ether, and blood
is collected by cardiac puncture using heparin as an anticoagulant. The next
step is to open the animal and examine its spleen. If 1t is pigmented the blood is
inoculated into white mice, blood films from which are regularly examined. If the
spleen looks normal, the blood is discarded and the animal is assumed to be
uninfected. A great advantage of this combination of methods is that large
numbers of mice are not needed, yet subpatent infections are still detected.

If colonies of laboratory animals are not available, subpatent infections can
be diagnosed by splenectomizing rodents and awaiting a recrudescence of parasi-
taemia. This method may reveal parasites with a low infectivity to laboratory-
bred rodents which would be overlooked by isodiagnosis.

Serological techniques have yet to be employed in surveys of murine malaria
but new methods of collecting small samples of blood on filter paper overcome
the problems of collecting sera in the field, and will probably lead to the
Fluorescent Antibody Test being used for large-scale surveys. Once again, the
results of such work must be considered as a preliminary guide to indicate which
species of rodents in which locality should be more intensively studied.

COLLECTION OF STRAINS FROM MOSQUITOES

At the time of writing, the only proven invertebrate host of murine malaria
parasites in nature is Anopheles dureni millecampsi in Katanga. During the early
work, the Belgian investigators suspected they were dealing with a variety of the
little known A. dureni (see Vincke, 1954) which was eventually named A. dureni
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var. millecampsi by Lips (1960). Gillies and de Meillon (1968) raised the variety
to a subspecies.*

This is a shade-loving, sylvatic mosquito found only in Katanga; adults are
confined to forest galleries, and the larval habitat is the margin of swiftly
flowing streams within the galleries. During the wet season (December-April)
adult mosquitoes may be very abundant, but at other times of the year, Vincke
(1950, 1954) was unable to find them.

Astonishingly high rates of infection with P.b. berghei have been reported
in A.d. millecampsi by several workers. Yoeli and Boné (1967) dissected many
specimens of this subspecies collected at Kisanga near Lumbumbashi (Elisa-
bethville) and recorded ‘general infection rates’ of 14-4 to 17-2 %,. In an earlier
account of this work, Yoeli et al. (1964) reported an oocyst rate of 249, (81/334)
and a sporozoite rate of 10-5% (35/334). Vincke (1950) examined the salivary
glands of A.d. millecampsi collected throughout the rainy seasons of 1944-46
and found an overall sporozoite rate of 79%,. Later, the same worker (1954)
plotted the sporozoite rates month by month of mosquitoes collected at Kasapa
and Kisanga early in 1950. The first positive glands were found in January, peak
rates of 8 and 11-2% were recorded in February and the last infected mosquitoes
were collected in April.

Such high rates are not always found. At Kamena, Bafort (1967) dissected
500 wild-caught A.d. millecampsi and recorded a sporozoite rate of only 1-26 9.
In a more full account of this work Bafort (1969) reported an overall rate of
1-42%( (14/984), and recorded oocysts on the midgut of only 1 out of 91 mos-
quitoes. When sporozoite rates are high, numerous strains are easily isolated.
Vincke (1954), for example, isolated 367 strains of P.b. berghei from A.d.
millecampsi collected in 4 separate regions of Katanga.

In striking contrast to the extensive entomological investigations in Katanga,
almost nothing is known of the invertebrate hosts of murine malaria parasites
in other parts of Africa. Because of its limited distribution, A4.d. millecampsi is
obviously not a host in localities other than Katanga. Vincke (1967), drawingona
lifetime’s experience of African mosquitoes, postulated that the vector of the
parasites of the C.A.R. would be found to be one of the exophilic, zoophilic
species which are often very abundant in restricted areas which are difficult to
find. In Nigeria it has been suggested that the vector at Ilobi is probably one of
three anophelines, A. cinctus, A. coustani or A. obscurus which occur there, but
which are never taken in catches when man is the bait (Killick-Kendrick ef al.,
1968). Many years ago, Barber and Olinger (1931) saw oocysts on the midguts
of 2 specimens of wild-caught 4. obscurus collected in southern Nigeria, but in
the laboratory they were unable to infect this species with malaria parasites of
man; perthaps the oocysts were of a murine malaria parasite.

* By article 10(b) of the International Code of Zoological Nomenclature (1964), the
correct citation is Anopheles dureni millecampsi Gillies and de Meillon, 1968,
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In Brazzaville, Adam (personal communication) found very long sporo-
zoites, typical of the murine malaria parasites of Congo-Brazzaville (Landau
et al., 1970), in the salivary glands of a single lightly infected A. cinctus collected
in the gallery forest at N’ganga Lingolo, where about half the thicket rats har-
bour malaria parasites. Although the identity of the sporozoites was not con-
firmed by the inoculation of rodents, the striking morphology suggests that A.
cinctus may be the vector in Brazzaville. Support for this comes from the close
relationship between A. cinctus and A. dureni, both of which lie in the ardensis
section of series Neomyzomyia in the subgenus Cellia (see Gillies and de
Meillon, 1968). Until the vectors in the lowland localities are identified with
certainty, the isolation of strains from sylvatic mosquitoes is a method of use
only in Katanga. But workers in other places will follow the trail blazed by
Vincke, and it should not be long before murine malaria parasites are col-
lected from anophelines in other parts of Africa.

COLLECTION OF 4.D. MILLECAMPSI

During the rainy season from December to April, A.d. millecampsi may be
found in great numbers on the trunks of trees close to small streams in forest
galleries in the highlands of Katanga; up to 809 of the females may be en-
gorged with blood from rodents (Vincke, 1950, 1954). Damp, moss-covered
trees, especially Syzygium cordatum, are particularly favoured. Only two ano-
phelines are found on the trees 1-2 m from the ground. One, A. implexus, is
only occasionally seen and is easily identified by its large size and the long tufts
of narrow scales projecting from the abdominal segments (Gillies and de
Meillon, 1968), while the other, 4.d. millecampsi, is more abundant than A.
implexus, and is readily recognized by its silvery scales and prominent markings
on its legs and wings (Yoeli, 1965; Yoeli and Boné, 1967).

Resting mosquitoes are caught with an aspirator or test-tube. The best time of
collection is in the early hours of the morning (06-30-10-00 a.m.) ; in the after-
noon and evening it is thought they retreat into tree-holes (Yoeli and Boné,
1967).

The abundance of A.d. millecampsi is strictly seasonal—no adults are seen
in the dry season—and varies from place to place. In Kundelungu, for example,
where several strains of P.b. berghei were isolated from rodents, only 40 fe-
males of A.d. millecampsi (one of which was infected) were collected throughout
one wet season. In other places, one experienced collector can catch four times
this number in a single morning (Vincke, 1954).

The transport of delicate sylvatic mosquitoes from the field to the laboratory
in tropical conditions presents a special problem. Yoeli and his Belgian col-
leagues packed cartons of engorged females, each containing 50 mosquitoes,
into sealed insulated boxes containing a damp sponge; a 5-10% solution of
glucose was provided on a dental wick (Yoeli ef al., 1964, 1965; Yoeli, 1965).
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Three quarters of 7,840 engorged females packed in this way survived a 2-4 day
journey from Katanga to New York (Yoeli and Boné, 1967). For shorter
journeys, mosquitoes live well in a pre-cooled thermos flask containing ice-
cubes in a plastic bag.

EXAMINATION OF WILD-CAUGHT MOSQUITOES

Salivary glands and midguts, in that order, are dissected out by the conventional
methods (see Shute and Maryon, 1966; Garnham, 1966), into a suitable physio-
logical fluid (see the section on routine cyclical maintenance). Cover-slips are
applied and the preparations are examined with the microscope. Phase contrast
illumination is of great help in detecting light infections in glands.

ESTABLISHMENT OF STRAINS IN THE LABORATORY

Strains are established in the laboratory by inoculating rodents with either
sporozoites from wild-caught mosquitoes or blood from wild rodents.

When isolating strains from naturally infected A.d. millecampsi it is better
to inoculate sporozoites from the salivary glands rather than from crushed
oocysts. This was well demonstrated by Yoeli and Boné (1967), who found that
all (14/14) rats given single pairs of infected glands became infected with P.b.
berghei, but infections arose in only 3 out of 14 inoculated with infected mid-
guts. Since oocysts continue to ripen, and sporozoites to invade the salivary
glands after the collection of the mosquitoes, it is preferable to keep the mos-
quitoes for a few days before dissection.

It is not always realized that the first inoculation into a laboratory rodent is a
sudden, new, selective pressure on the parasite and only populations able to
adapt quickly to an unusual host will survive. For this reason, perhaps the best
host to use for this first taming of a wild parasite is Grammomys surdaster, a
natural vertebrate host of P.b. berghei. A colony of these thicket-rats was
established in the laboratory by Yoeli et al. (1963). Thammomys rutilans, the
vertebrate host in the lowland localities, has not yet been bred in the laboratory.
Possibly laboratory-bred Praomys natalensis, which are more easily bred than
G. surdaster (Davis and Oettle, 1958), would be as good as the thicket-rat but
they appear not to have been used for primary isolations.

If these exotic animals are not available, the choice lies between mice, white
rats, and hamsters. Of these, only mice are susceptible to P. vinckei sspp. on
primary isolation, but all three have been used for the establishment of P.
berghei sspp. in the laboratory.

Sporozoites of P.b. berghei from wild-caught 4.d. millecampsi may fail to
infect white mice, and better results are reportedwhen rats areused. Vincke (1950)
inoculated infected glands into rats and mice and recorded infections in 8 out of
10 white rats but 0 out of 15 white mice. Yoeli and Boné (1967) successfully
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infected all of 14 white rats (2-3 weeks old) by inoculating each with the glands
of a single mosquito, whereas Bafort (1969) similarly inoculated 5 white mice
and only one became infected. Some inbred white mice have been shown to be
relatively insusceptible to P.b. berghei (Most et al., 1966; Vincke and Bafort,
1968) and if these animals are used, outbred lines, or inbred lines of known
susceptibility, should be selected.

In experimental infections it has been shown that usually more tissue
schizonts develop in the livers of mice and rats given sporozoites intravenously
than in those inoculated intraperitoneally (Wéry and Killick-Kendrick, 1967;
Weéry, 1968). This suggests that strains from wild-caught mosquitoes are best
established in rodents by inoculating the sporozoites intravenously. A novel
way of isolating strains from A.d. millecampsi, collected when freshly engorged
with blood, is to inoculate laboratory animals without delay with the contents
of the midgut (Vincke and Lips, 1948, 1950).

All the strains from parts of Africa other than Katanga have been isolated
from wild rodents by the intraperitoneal inoculation of blood into white mice
(Bruce-Chwatt and Gibson, 1955; Landau, 1965; Landau and Chabaud, 1965,
Adam et al., 1966; Killick-Kendrick et al., 1968). Volumes of blood up to 1 ml
are readily tolerated. Blood is obtained either with a Pasteur pipette from the
retro-ocular plexus, or with a syringe and needle from the heart of the anaes-
thetized animal. When ether is used, some animals succumb; Penthrane (Abbot
Laboratories) is better but it is less volatile than ether and is administered by
bubbling air through the liquid. The anticoagulant of choice is heparin B.P.,
which is free from phenolic preservatives; 20 i.u./ml of blood is enough to pre-
vent clotting.

On primary isolation, initial parasitaemias may be low and fleeting, and
inoculated rodents must be examined regularly. Spontaneous recoveries result in
the loss of strains. Prepatent periods may be prolonged with untamed strains,
and rodents should not be abandoned less than 3 weeks after inoculation,

In Africa, the modern balanced diets for laboratory animals are not generally
available, and a mixture of locally obtainable foods is normally given. It is
essential that the diet of inoculated animals contains para-aminobenzoic acid,
since this is a requirement of malaria parasites without which parasitaemias are
much depressed (Hawking, 1953 ; Adler, 1958). It may conveniently be given as a
supplement in the drinking water (0-05%,).

When inoculating mice with blood from wild rodents, concomitant infec-
tions may present problems. Unexplained deaths of mice within 48 hours of
inoculation, which may be caused by viruses, sometimes occur. Shute, Lambo
and I (unpublished) lost a number of mice in this way in Nigeria, and Bafort
(1969) records similarly rapid deaths in mice in Katanga after the inoculation
of either blood from rodents or salivary glands from wild A.d. millecampsi.
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Another better-known concomitant infection, which is common in African
rodents, is the erythrocytic rickettsia, Eperythrozoon coccoides. When laboratory
rodents are inoculated with malaria parasites contaminated with E. coccoides
parasitaemias are much depressed (Peters, 1965; Ott et al., 1967). This de-
pression does not occur when malaria parasites are inoculated into mice previously
infected with E. coccoides (Suntharasamai and Marsden, 1969) but once a
strain becomes mixed with the rickettsia, both are passaged together. If cyclical
passages are carried out in the laboratory, and care is taken to use mice known
to be free from Eperythrozoon the rickettsia is lost. Alternatively, strains may
be cleaned by blood-passage through mice pre-treated with neo-arsphenamine
BPC at a dose of 125 mg/kg (Peters, 1967; Voller and Bidwell, 1968). To ensure
laboratory rodents are free from Eperythrozoon a control sample is splenecto-
mized; this results in recrudescences of subpatent infections, which are then
easily recognized in blood films stained in Giemsa’s stain. If virulent strains of
P.b. berghei or P. v, vinckei are being blood-passaged in the same laboratory and
there are unexpected recoveries, this is probably a sign of Eperythrozoon in the
stock mice used earlier.

Another erythrocytic rickettsia, Haemobartonella muris, has been shown to
have a synergistic effect upon infections of P.b. berghei (Hsu and Geiman, 1952),
but this organism is apparently seldom met when isolating new strains.

Many small African mammals are infected with yet another rickettsia-like
organism which looks like Anaplasma. 1 believe this causes much prolonged
prepatent periods and depressed parasitaemias, although its precise effect on
malaria in rodents has not been determined; nevertheless, this organism is
often seen when strains are difficult to handle.

Mixed infections of P. berghei sspp. and P. vinckei sspp. are frequently met in
T. rutilans from the 3 lowland localities (Landau and Chabaud, 1965; Adam
et al., 1966; Killick-Kendrick et al., 1968). Separation of the P. berghei sspp.
may be accomplished by taking advantage of the early appearance of their
gametocytes, and the fact that their sporogonic cycles tend to be slightly shorter
than those of P. vinckei sspp. If a susceptible mosquito is fed on infected labora-
tory rodents when the first gametocytes are seen, and sporozoites are harvested
as soon as the salivary glands of the mosquitoes become invaded, mice inocu-
lated with the sporozoites will normally develop unmixed infections of P. berghei.
This was the way in which the 17X strain of P.b. yoelii was separated from
P.v. chabaudi (Landau and Killick-Kendrick, 1966b). Strain N67 of the Nigerian
subspecies of P. berghei was similarly separated from P. vinckei ssp. by a
cyclical transmission through A. stephensi (Killick-Kendrick et al., 1968), but
in this instance the latter parasite was not transmissible through the mosquito.

The differential susceptibility of white rats and hamsters to P. berghei sspp.
and P. vinckei sspp. on primary isolation is another method which was success-
fully used to separate P.b. killicki from P.v. lentum ; the former parasite infected
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the rats, but the latter failed to become established in this host (Landau et al.,
1968).

It is seldom necessary to separate P. vinckei sspp. from P. berghei sspp., since
mixed infections are known only from the lowland localities where P. vinckei is
easily found free from the other species. If wild 7. rutilans with mixed infections
are kept under observation in the laboratory, there are many occasions when
only P. vinckei is recovered when small samples of caudal blood are injected
into white mice. To separate P. v. chabaudi from P.b. yoelii, advantage can be
taken of the presence of highly infective gametocytes of the former parasite
after the crisis in parasitaemia, many days after the height of infectivity of
gametocytes of P.b. yoelii (Wéry, 1968).

MAINTENANCE BY CYCLICAL TRANSMISSION

TECHNIQUES

Rodents upon which mosquitoes are to be permitted to feed are immobilized by
attaching adhesive tape to each leg and pinning the tape to a cork board with
the animal on its back. When numbering animals, picric acid should not be used
as a marker dye, since it appears to deter mosquitoes from feeding. Hair on the
chest and abdomen is removed with electric clippers or a razor and the board
bearing the rodent is then put inside the cage of mosquitoes, on a stand, so that
it is held a few centimetres below the top of the cage. If mice are the gametocyte
carriers, the maximum number of mosquitoes per mouse should not exceed 150,
or the rodent will probably die before all hungry females have taken a blood-
meal.

Unless mosquitoes are particularly hungry, the movements of the rodent may
interfere with feeding. Sodium pentobarbitone (5 mg/10 gm body weight
intravenously) is a suitable anaesthetic, but very anaemic animals may succumb
to the normal dose, and since a slight overdose appears to cause a fall in body
temperature, reducing the attraction of the rodent to the mosquitoes, many
workers prefer not to use an anaesthetic.

The most commonly chosen mosquito for cyclical passage of murine malaria
parasites in the laboratory is Anopheles stephensi, although the sporogony of two
subspecies of P. berghei has been obtained in other anophelines (see Table I).
A. stephensi is easily bred in the laboratory by the methods given by Shute and
Maryon (1966). Care must be taken to avoid damaging adult mosquitoes and
thereby shortening their life. The practice of permitting adults to emerge under
netting covering larval bowls, and then collecting them with a suction tube is,
therefore, not recommended. It is better, though more time consuming, to collect
pupace either with a pipette or by the cold-water method of Weathersby (1963),
and permit the adult mosquitoes to emerge in cages.



MURINE MALARIA PARASITES 51

Female A. stephensi will be willing to feed 4-8 days after emergence. A.
stephensi maintained on glucose alone for a long time appear to become pro-
gressively less interested in taking blood and do not, as might be expected,
become more hungry. This, together with the belief that the susceptibility of
mosquitoes to malaria parasites may decrease with age, has led to the routine
of giving the infective meal within a week of emergence. When the infective feed
is the first blood-meal taken, any unfed nulliparous females are easily seen and
removed from the cage with either a suction-tube, or a test-tube containing
cotton-wool dampened with chloroform.

During sporogony, mosquitoes are incubated at temperatures ranging from
19-26°C depending upon the subspecies of parasite (see Tables 1 and II).
Humidity must be kept high (75-85%,), since A. stephensi will not tolerate dry
conditions. Two or three days after the infective feed, 209, glucose is provided,
and an egg-bowl is put in the cage. Further blood meals appear to be unneces-
sary for the normal growth of the sporogonic stages (Wéry, 1968).

When sporogony is complete, the strain may be passaged simply by permit-
ting the infected mosquitoes to feed upon laboratory rodents. This is an im-
precise method which sometimes results in only a proportion of the rodents
becoming infected. It is better to harvest the sporozoites by the mass dissection
of salivary glands into cold physiological fluid, to prepare a suspension of
sporozoites and inoculate a known dose.

Dissections are best carried out on perspex slides which prevent the drops
of fluid, into which glands are dissected, spreading unduly. A practised dis-
sector provided with a continual supply of stunned mosquitoes, with legs and
wings removed, can dissect 60-70 mosquitoes per hour. Grinding the thoraces
of mosquitoes is an alternative harvesting routine sometimes used (e.g. Vincke
and Bafort, 1968); it saves a little time, but the suspension produced contains
debris which may kill an animal when inoculated intravenously. Moreover,
counts of sporozoites in such suspensions are of little use because immature
sporozoites will almost certainly have been harvested.

Twenty percent rat serum in Ringer’s fluid may be used to prepare suspen-
sions of sporozoites, but since 1965, this has been largely replaced by com-
mercially available tissue culture medium 199 (Morgan et al., 1950). The sur-
vival of sporozoites of P.b. yoelii in this medium at 4°C was studied by Fink
and Schica (1969). They found that all of 5 mice became infected when inocu-
lated intravenously with 2,500 sporozoites even when they had been kept for
3 hours (at 4°C) in medium 199, but the prepatent periods were slightly pro-
longed. There is, however, an increasing suspicion that occasionally a batch of
medium 199 is lethal to sporozoites, and there is a move to use media devised
for the culture of insect tissues. Walliker (personal communication) is success-
fully using equal parts of Kitamura’s medium and medium VP 12 (Varma and
Pudney, 1969).
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Throughout a mass dissection, the dissecting fluid and the tube containing
the harvested glands should be kept cool by immersion in crushed ice, and there
is a convention that the total time of dissection should not exceed 1 hour. Fink
and Schica (1969) clearly showed a loss of infectivity of sporozoites of P. b.
voelii at temperatures higher than 4°C. When the dissection is completed, an
even suspension of sporozoites is prepared by gently breaking the glands in a
‘Teflon’ tube homogenizer.*

For the simple maintenance of a strain, it is not essential to count the sporo-
zoites. But the method is easy, and the prepatent periods following the inocula-
tion of a known number of sporozoites give a guide to the success of sporogony,
and the efficiency of harvesting. An improved Neubauer counting chamber is
loaded with the suspension and allowed to stand in a damp chamber at room
temperature for 10-15 mins. Sporozoites sink slowly, especially when only little
fluid has been used and the suspension is thick, and unless time is allowed for
them all to sink, a count through the depth of 0-1 mm is difficult and inaccurate.
Sporozoites lying in the four outer blocks of 16 squares are counted (a total
volume of 0:4 cu mm), the volume of the suspension is measured, and the num-
ber of sporozoites in 0-1 ml is estimated. Phase-contrast illumination greatly
facilitates rapid, accurate counts, but it is necessary to use either a specially
thin haemocytometer or a phase-contrast condenser with a working distance
sufficiently long to permit good illumination on the top of the usual thick
chamber. The most convenient magnification for counting sporozoites is X300
(X20 objective X15 oculars).

The best route of inoculation of sporozoites is intravenous. Livers of rats
and mice given sporozoites intravenously are generally more heavily infected
than animals inoculated with the same number intraperitoneally, but the density
of infection varies less widely in animals infected by the latter route (Wéry and
Killick-Kendrick, 1967; Wéry, 1968). Sporozoites are easily inoculated intra-
venously in white mice and young white rats; the caudal veins are first dilated by
immersing the tail in warm water or warming the animals in an incubator or
hot-box. A tube-holdert is useful to restrain mice. The tails of laboratory-bred
Grammomys and Praomys are pigmented, and experience is necessary to inject
them intravenously. Small doses may be given intra-cardially to these animals,
and to hamsters.

W
[NS]

PRESERVATION OF THE VIABILITY OF GAMETOCYTES

Continual blood-passages of murine malaria parasites result firstly in a diminu-
tion of the infectivity of gametocytes to mosquitoes, and secondly in the com-
plete loss of gametocytes. It is essential, therefore, either to transmit newly es-
tablished strains through mosquitoes without delay or to preserve them at low

* Size 820, obtainable from Camblab (Glass) Ltd., Milton Road, Cambridge.
1 Obtainable from C. F. Palmer (London) Ltd., Effra Road, London S.W.2.
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temperatures in solid carbon-dioxide (—78°C) or liquid nitrogen (— 196°C).
At these temperatures the ability to produce gametocytes is retained (Yoeli
et al., 1963; Vincke et al., 1965). Either glycerol (7-5%,, Molinari, 1961) or
dimethyl sulphoxide (5%, Collins and Jeffery, 1963) is added to protect the
parasites during freezing and thawing. The heat-sink of Goodwin and Thiel
(1967) is a useful device for controlling the rate of freezing in liquid nitrogen.

It cannot be assumed that preservation at low temperatures keeps the strains
totally unaltered, as it were, in suspended animation. The freezing process im-
poses selection upon the population, and it is thought that very few parasites
survive. Changes may not be beneficial to establishing routine cyclical trans-
mission. Wéry (1968) found that the virulence of P.v. chabaudi was enhanced by
low-temperature preservation, making the strain more difficult to transmit
cyclically.

Strains vary in the number of blood-passages tolerated before the viability
of gametocytes is affected. Wéry (1968) showed that infection rates and numbers
of oocysts of strain 17X of P.b. yoelii in experimentally infected A. stephensi
fell markedly after only 7 blood passages in mice, but that a single cyclical
passage restored the vitality of the gametocytes. Loss of viability is probably
related to the experimental host. Michiels (1963), working with a strain of P.b.
berghei, found that exflagellating male gametocytes were demonstrable in a
strain maintained for 2 years in white rats, providing a line was obtained from
an animal in the metacritical stage of the infection. In general, however, it is
recommended that not more than 5 consecutive blood passages should be
performed before either obtaining a cyclical passage, or storing the strain at
low temperatures. With parasites which prove difficult to establish in mos-
quitoes, it is necessary either to have an infected wild rodent from which a line
can be obtained for each new attempt, or to preserve numerous samples at low
temperature. If attempts to infect mosquitoes fail, it is not long before a blood-
passaged line becomes progressively less likely ever to be cyclically transmitted.

Strains which have lost gametocytes have been manipulated in a number of
ways resulting in the reappearance of the sexual forms. Jadin et al. (1959) re-
vitalized a strain of P.b. berghei which had undergone 191 consecutive blood
passages in mice over a period of 3 years. Gametocytes appeared when the strain
was passed through young hamsters or laboratory-bred Grammomys. Mos-
quitoes fed on these animals became infected, but the sporogony did not lead to
the production of infective sporozoites (probably because the temperature at
which the mosquitoes were incubated was too high). Some later years Bafort
et al. (1966) found that preservation of an old strain of P.v. vinckei at —75°C
appeared to have caused the reappearance of gametocytes. But the most re-
markable report is that of Peters e al. (1969) who achieved the first cyclical
transmission of a 20 year-old agametocytic strain of P.b. berghei (No. K173)
after the production of gametocytes had been stimulated by the administration



54 R. KILLICK-KENDRICK

of sub-curative doses of chioroquine. The drug was shown not only to cause the
reappearance of gametocytes, but also to enhance their infectivity to mosquitoes
(Ramkaran and Peters, 1969).

It is difficult to judge to what degree murine malaria parasites are changed
by the selective pressures of life in the laboratory, and it is therefore of special
interest to note that this old strain (No. K173) isolated in January, 1948
(Vincke and van den Bulcke, 1949), maintained by innumerable blood passages
in laboratory rodents for over 20 years, stored for periods at sub-zero tem-
peratures and then treated with chloroquine, differs in several ways from other
more recently isolated strains of the same subspecies. It is more tolerant of high
temperatures during sporogony, the oocysts are larger and the sporozoites are
unusually long (see Bafort, 1970).

Tandon and Bhattacharya (1970) have recently reported the reappearance of
gametocytes in an old strain of P.b. berghei after treatment with a corticosteroid.

CYCLICAL TRANSMISSION OF P. BERGHEI SSPP.

A summary of the conditions for the cyclical transmission of subspecies of P.
berghei in the laboratory is given in Table 1. The nominate subspecies has been
the most intensively studied, and only little is known of the susceptibility of
laboratory-bred mosquitoes to some of the other subspecies. The Nigerian sub-
species is unusual in that sporogony with the production of infective sporozoites
can take place at 28°C, although the number of sporozoites invading the glands
is much less than at 24°C (Killick-Kendrick, 1970b).

No better mosquito than A. stephensi has been found as a laboratory host.
Although sporogony of P.b. berghei is completed in A. quadrimaculatus and A.
gambiae species A and B, the numbers of sporozoites in the salivary glands are
fewer than in A. stephensi. A. labranchiae atroparvus is easily infected with P.b.
berghei, but is a poor host of P.b. yoelii (Vincke er al., 1966; Wéry, 1968).
A. aztecus has the disadvantage of being difficult to breed in large numbers, and
A. annulipes can be bred only by forced mating.

The muskrat is a good gametocyte carrier of P. b. berghei (Wellde et al.,
1966), and its large size may be a special advantage if very many infected mos-
quitoes are required. Its suitablity as a host of other murine parasites has not
been investigated.

Mosquitoes become most heavily infected with all subspecies of P. berghei if
the infective feed is taken early in the infection when the very first gametocytes
are present in the blood of the rodent host. In sporozoite-induced infections the
first gametocytes may be seen very early since they arise directly from merozoites
produced by exoerythrocytic schizonts (Killick-Kendrick and Warren, 1968).
Variability in the production of gametocytes in a group of rodents is always
seen, even in inbred lines, and suitable carriers have to be selected by the exami-
nation of thin blood-films.



TasBLE 1

The cyclical transmission of the subspecies of P. berghei in the laboratory

Suitable gameto- Best days of Best Days
cyte carriers blood-induced tempera-  glands
Subspecies of other than infections for Suitable labora- Unsuitable labora-  tures for first References
parasite natural hosts mosquitoes to tory mosquitoes tory mosquitoes  sporogony invaded
be fed
P.b. berghei Some strains of 4-5 A. stephensi A. albimanus 19-21°C 14 1-10
(Katanga) white mice, white A. L. atroparvus Aedes aegypti
rats, hamsters, A. annulipes Culex salinarius
muskrats A. gambiae A, B
A. aztecus
A. quadrimaculatus
P. b. yoelii mice, white 4-5 A. stephensi A. . atroparvus 24°C 9 11,12
(C.AR) rats, hamsters A. sundaicus A. b. balabacensis*
A. quadrimaculatus*®
P. b. killicki mice, white rats 3-6 A. stephensi 22-24°C 10 13
(Brazzaville)
P. berghei ssp. mice, white rats 3-10 A. stephensi 24°C 9 14
(Nigeria)
* Moore and Killick-Kendrick (unpublished).
References in TABLE T
1. Perez-Reyes (1953) 6. Yoeli et al. (1966) 11. Landau and Killick-Kendrick (1966b)
2. Yoeli and Most (1960) 7. Wellde et al. (1966) 12. Wéry (1968)
3. Yoeli et al. (1964) 8. Vincke et al. (1966) 13. Landau ef al. (1968)
4. Vanderberg and Yoeli (1964) 9. Vanderberg et al. (1968) 14. Killick-Kendrick (1970a, b)
5. Yoeli, Vanderberg ef al. (1965) 10. Kalucy and McMillan (1970)
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In Table I, the days on which sporozoites first invade the salivary glands (at
the best temperature for sporogony) are given as a guide to the day of harvest.
Sporozoites continue to invade the glands for several days, and the best time of
harvest is about 2 days after the first invasion. The infectivity of sporozoites
tends to decline progressively after they have reached the glands (Wéry, 1968).

CYCLICAL TRANSMISSION OF pP. VINCKEI SSPP.

This group of parasites is more difficult to transmit cyclically in the laboratory
than the P. berghei group. A saving grace is the high infectivity of the sporo-
zoites compared with those of P. b. berghei or P. b. yoelii (Wéry, 1968 ; Bafort,
1969).

Suitable gametocyte carriers other than the natural vertebrate hosts are few,
and for some subspecies workers have had to resort to unusual hosts (see Table
II). The time of the highest infectivity of gametocytes is not clear-cut, and for at
least one subspecies, P. v. chabaudi, it is unusual. Wéry (1968) showed that
gametocytes of this parasite were most infective at, or shortly after, the crisis
in parasitaemia which occurs during the second or third week of the infection.
These sexual stages look degenerate, but Wéry’s careful observations show that
this is nevertheless the best time to infect mosquitoes. He found that preserva-
tion of P.v. chabaudi at sub-zero temperatures increased the virulence and, since
this resulted in only few mice surviving the crisis, the strain was then difficult
to transmit cyclically. In such circumstances, passage of the strain into multi-
mammate rats (Praomys natalensis) sometimes results in the production of a
good crop of gametocytes, and the ability of the strain to infect mosquitoes is
not lost.

Unlike P. berghei sspp, the subspecies of P. vinckei have not been cyclically
transmitted in the Jaboratory through mosquitoes other than A. stephensi.
Another difference is the tolerance of P. vinckei sspp. to a wide range of tem-
peratures during sporogony (Wéry, 1968; Bafort, 1969), which is quite unlike
P. berghei with the exception of the Nigerian subspecies. P. vinckei from Nigeria
appears to be less adaptable than the subspecies from other places, and infective
sporozoites have not yet been obtained in laboratory-bred mosquitoes.

FACTORS ADVERSELY AFFECTING ROUTINE CYCLICAL MAINTENANCE

Regular cyclical transmission of murine malaria parasites is less easily achieved
than, for example, the transmission of P. gallinaceum through Aedes aegypti,
and even when a system of routine cyclical maintenance is established, it com-
monly happens that for no apparent reason sporozoites suddenly become un-
obtainable or non-infective. There is sometimes no explanation, but there are
several factors known adversely to affect the cyclical transmission of malaria
parasites of rodents, which may be responsible.



TaABLE 11 .
The cyclical transmission of the subspecies of P. vinckei in the laboratory

Suitable gameto- Best days of blood- Best Days
Subspecies ‘¢yte carriers other induced infections  Suitable labora- Unsuitable labora- tempera- glands References
of parasite "than natural hosts for mosquitoes tory mosquitoes tory mosquitoes tures for first
to be fed sporogony invaded
P.v. vinckei  splenectomized 4-8 A. stephensi A. gambiae 20-21°C 13 1
(Katanga) or hairless mice A. albimanus

A, quadrimaculatus
A. l. atroparvus

P. v. chabaudi mice, multimammate 10-18 A. stephensi A. aztecus 26°C 10 2,3
(C.AR) rats : A. freeborni

© A, sundaicus
P.v. lentum  Hybomys 5 A. stephensi 24-25°C 10 4
(Brazzaville)  univittatus
P. vinckei ssp. mice, multimammate ? ? A. stephensi* ? ? 5
(Nigeria) rats 4 A. . atroparvus*

A. quadrimaculatus*®
A. gambiae BT

* At 23-25°C sporozoites which were never infective first invaded the salivary glands of these mosquitoes on day 12 (Killick-Kendrick,
1970b).
+ Insusceptible.
References in TABLE 11
1. Bafort (1969) ‘ 3. Wéry (1968) 5. Killick-Kendrick (1970a, b)
2. Landau and Killick-Kendrick (1966b) 4. Landau et al. (1970)
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The worker accustomed to the sporogony of malaria parasites of birds,
monkeys or man is immediately struck by (i) the asynchronous growth of the
oocysts of murine malaria parasites accompanied by the death of many oocysts,
and (ii) the comparative paucity of sporozoites in the salivary glands of experi-
mentally infected mosquitoes. The irregularity of oocyst growth is apparently a
normal phenomenon unrelated to the use in the laboratory of hosts which are
not natural vectors. Vanderberg and Yoeli (1964) noted aborted oocysts of
P. b. berghei on the midguts of A. d. millecampsi, the natural invertebrate host
of this parasite. Overcrowding of oocysts also seems not to be the cause, since
Vincke et al. (1966) found degenerated oocysts on stomachs of both heavily and
lightly infected A. quadrimaculatus.

The lightly infected glands of A. stephensi infected with any murine malaria
parasite, which contrast strikingly with the bulging glands oozing sporozoites
commonly seen in infections of other species of Plasmodium, do however
appear to be a consequence of using unnatural invertebrate hosts. Yoeli ef al.
(1964) found that the salivary glands of experimentally infected A. d. millecampsi
became much more heavily infected with sporozoites of P. b. berghei than did
those of other mosquitoes.

The transmission of murine malaria parasites through mosquitoes in the
laboratory is vulnerable to many interfering factors. The susceptibility of some
strains or species of laboratory rodents may be so low that the production of
gametocytes is quite inadequate and whatever the host, the viability of gameto-
cytes falls after only few syringe-passages.

The temperature of incubation during sporogony is critical with some sub-
species and must be carefully controlled. In general, the sporozoites, if they are
still produced, lose their infectivity as temperatures increase.

A less easily controlled factor is the susceptibility of the mosquito. In studies
on the sporogony of P. cynomolgi, Garnham (1970) and Rutledge ez al. (1970)
found that the susceptibility of a given species of mosquito varied according to
geographical origin. Moreover, the susceptibility of mosquitoes in closed
colonies did not remain constant. This last point may explain sudden difficulties
in cyclically transmitting a parasite which has hitherto caused no problem.

There are observations suggesting that natural infections of a number of
different micro-organisms in laboratory-bred mosquitoes interfere with the
sporogony of malaria parasites. Bird et al. (1970) described several viruses in
laboratory colonies of A. stephensi, one of which came to light when there was
difficulty in transmitting P.b. yoelii. Trager (1959) found a virus which inter-
fered with the growth of P, lophurae in ducks, and it seems possible that some
viruses may similarly interfere with the development of malaria parasites in the
invertebrate host. Many British workers now think that their colonies of A.
stephensi have always had undetected viral infections which occasionally flare
up and cause trouble.
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Weéry (1968) reviewed the effect of bacteria in the midgut on the growth of
oocysts, and pointed out that the addition of various antibiotics to the diet of
infected mosquitoes has been shown both to inhibit and to stimulate growth
(Terzian et al., 1953 ; Micks and Ferguson, 1961). Wéry suggested that this may
be explained by the effect on Pseudomonas, a bacterium thought to be beneficial
to the development of oocysts (Jadin, 1965; Jadin ef al., 1966).

Garnham (1956) reported that mosquitoes infected with the microsporidian
Plistophora culicis were poor hosts of malaria parasites, and Bray (1958)
believed that the related parasite Nosema stegomyiae slowed down the growth
of oocysts. Microsporidia normally enter a colony when naturally infected wild
mosquitoes are brought into an insectarium and as long as this is prohibited,
colonies will normally remain free from infection.

Controlled experiments to confirm that concomitant infections of viruses,
bacteria or microsporidia are seriously detrimental to the sporogony of malaria
parasites are difficult to carry out, and more work is needed before possible
antagonisms between parasites are fully understood.

It is sometimes assumed that the biological and morphological characters
of murine malaria parasites maintained by cyclical transmission remain con-
stant, but the selection imposed in the laboratory by, for example, the use of
unnatural hosts or periods of storage at low temperature, seems to result in
changes which are not always beneficial. After 5 years in the laboratory, the
type strain (No. 17X) of P. b. yoelii has become less easily handled than when
first isolated, and no matter how carefully strains are handled, they may suddenly
fail to produce infective sporozoites in a mosquito known to be a good host.
In such circumstances, the only way to resume cyclical transmissions may be to
strike another line from an earlier deep-frozen sample, or to obtain a line of the
strain from another laboratory. It may even be necessary to begin again by
isolating a new strain from a naturally infected host. It is a humbling fact that,
as Laveran said, ‘les résultats obtenus dans un laboratoire sont trés imparfaits 3
cOté de ceux que peut réaliser la nature’.
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THE DEVELOPMENT OF TRYPANOSOMES, LEISHMANIAE AND ASCITIC
TUMOUR CELLS IN THE TESTICLES OF LABORATORY ANIMALS

R. B. HEISCH,* R, KILLICK-KENDRICK,** M. W. GUY*** saxp J. DORRELL
London School of Hygiene and Tropical Medicine,

It was first pointed out by UHLENHUTH and EMMERICH (1913) that Trypanasoma
evansi equiperdum and T. brucei gambiense have a special predilection for the testicles of
rabbits, and a technique related to this was used with success for the diagnosis of T. e.
equiperdum in horses by a number of workers (Cruca, 1933; DoMILESCU, 1938; SoLDINI,
1938, 1939; HAIG and L.UND, 1948). CoRDIER and MENAGER (1934) used the technique
with guinea-pigs for the detection of T. e. equiperdum in donkeys.

Recently it has been shown that other trypanosomes of the subgenus Trypanozoon,
and T. cruzi, grow well in the testicles of laboratory animals (HeiscH, KiLL1cK-KENDRICK,
DorreLL and MARSDEN, 1968). The object of the present paper is to give these findings
in greater detail and to include observations on the behaviour of other trypanosomes,
leishmaniae and ascitic tumour cells in the testicles of laboratory animals.

Material and methods

Infective material was inoculated directly into the testicle of a laboratory animal,
usually a rabbit, guinea-pig, hamster or rat, with strict asceptic precautions. The scrotal
skin over the testicle to be inoculated was cleaned very carefully with spirit. 0-5-1-5 ml.
of the inoculum, usually blood, was sufficient, depending on the size of the testicle to be
inoculated. Better results were obtained if antibiotics were not added; the inoculum
therefore had to be absolutely sterile.

When obtaining testicular material for biopsy a sterile 5 or 10 ml. syringe with the
plunger drawn back was attached to a hypodermic needle of rather large bore, which
was pushed into the body of the testicle; the needle was then withdrawn and the contents
squirted on to a slide for examination. This method was usually sufficient but sometimes
a small vessel in the skin over the testicle was punctured and only blood was obtained. To
overcome this the finger and thumb of the left hand were used to squeeze a portion of the
testicle, the pressure being kept up for 2 to 3 minutes to expel the blood. The hypodermic
needle was then driven between the finger and thumb and when withdrawn usually con-
tained a small plug of testicular tissue. This was either smeared on a slide and stained
with Giemsa’s stain, or mixed with a drop of citrate or saline, covered with a covershp
and viewed by phase contrast illumination.
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- *¥Present address: Dept. of Zoology and Applied Entomology, Imperial College
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Results

As reported elsewhere (HEIscH et al., 1968), T. b. brucei, T. b. rhodesiense and T
b. gambiense grow readily when inoculated into the testicles of rabbits. Even when the
blood of rats and mice showing 2 to 3 trypanosomes per field (X 100 obj.) was inoculated
intratesticularly, after 2-3 weeks many trypanosomes (50 to 300 per field when viewed
by phase contrast with X 40 objective) appeared in biopsy material. The infection
continued 3-4 months, the number of trypanosomes gradually being reduced. The
inoculated testicle slowly diminished in size and became hard and fibrotic. 7. b.
rhodesiense usually caused more acute infections in rabbits, the testicle and overlying
skin becoming gangrenous. The three trypanosomes usually developed more slowly
in the testicles of guinea-pigs, and only became numerous 3-4 months after inoculation.
In rats trypanosomes were often scanty in the testicles, but quite numerous in the
epididymis. Although T b. gambiense developed more slowly in the testicles of rabbits
than the other two trypanosomes, the test was fairly sensitive. Thus when 1-5 ml. of
apparently negative blood from a chronically infected monkey was inoculated into the
testicle of a rabbit, trypanosomes appeared after a few months and eventually became
quite numerous (20-40 per field under phrase contrast and a x 40 objective).

About a week after infections had become established in the testicles of rabbits and
guinea-pigs, trypanosomes began to appear in the testicle on the other side. This was
useful because if the inoculated testicle became infected with secondary bacteria, the
testicle on the other side remained sterile and the trypanosome was not lost.

A curious observation was that although spermatogenesis was reduced or abolished
in the inoculated testicle this did not occur when trypanosomes spread to the other side.
This was not due to trauma caused by the inoculation, for when uninfected blood was
inoculated into the testicles of rabbits and guinea-pigs spermatogenesis was unaffected.

Portions of rabbit and guinea-pig testicles infected with T'. b. brucei, T, b, rhodesiense
and T. b, gambiense were fixed in Carnoy, sectioned and stained with Giemsa’s stain
using the colophonium method. Trypanosomes, which could usually be seen quite
easily, were confined to the interstitial tissue and were extracellular. The tubules
were often atrophied, with a complete absence of spermatocytes. There was intense
and often focal round cell infiltration of the interstitial tissue. In more advanced
infections of the testicles there was some interstitial fibrosis, but the tubules though
atrophied were never completely obliterated.

Other trypanosomes inoculated into the testicles of laboratory animals were T
cruzi, T. vivax and T lewisi.

T. cruzi did not develop well in the testicles of rabbits, but in the testicles of hamsters
appeared as amastigotes in the Sertoli cells of the tubules, giving a beautiful appearance
in sections stained with Giemsa’s stain. 7. cruzi was never seen in the interstitial
tissue, and never spread to the contralateral testicle.

T. vivax did not develop in the testicles of rabbits but multiplied rapidly in the
testicle of the kid, numerous and very active intermediate forms appearing after 4-5
days; the infection was brief and died out after about a fortnight. Sections of the
infected kid’s testicles were not examined.

T. lewisi was tested in the testes of rabbits and guinea-pigs, but no multiplication
occurred.
Two leishmanae were tested—Leishmania enriettii and L. donovani. L. enriettii

grew rapidly in the testicles of hamsters, amastigotes appearing in large numbers in cells
of the interstitial tissue about 10 days after inoculation. A few cells of the lamina propria
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were infected to a lesser extent. L. donovani developed more slowly, amastigotes appear-
ing in cells in the interstitial tissue about 4-5 weeks after inoculation; a few cells of the
lamina propria also contained parasites.

Ascitic fluid from the peritoneal cavity of a mouse infected with a sarcoma of the
Downe’s type, with about 20-30 cells per field (phase contrast and a x 40 objective),
was inoculated into the testes of a rabbit, hamster and a white rat, There was no
growth in the rabbit’s testicle but columns of tumour cells were seen in the interstitial
tissue of the other two animals, Growth continued for about a fortnight and then the
tumour cells disappeared.

Discussion /

The observations recorded in this paper show that the “testicular technique®”
may help to distinguish various protozoa. Thus the development of 7. cruzi as amasti-
gotes in the Sertoli cells of the tubules was strikingly different from that of trypanosomes
of the subgenus Trypanozoon [(T. b. brucei, T. b. rhodesiense and T. b. gambiense) in
the interstitial tissue. Development of the last three trypanosomes was much the same
except that T. b, rhodesiense tended t0 cause gangrene of the testicle in rabbits, and T.
b. gambiense was the slowest to develop. T. wivax could be distinguished from the other
‘trypanosomes because it did not develop in the testes of laboratory animals but caused
heavy infections in the testicles of the kid. The two leishmaniae tested in hamsters
could usually be differentiated because although both developed in the interstitial tissue,
L. enriettii developed more rapidly and profusely than L. donovani.

The “testicular technique” was also found of value when trying to isolate try-
panosomes from domestic animals in Nigeria. T. b. brucei was isolated on several
occasions and one strain behaved like T. b. gambiense when inoculated into white rats,
with a very light and transitory infection developing on the 18th day.

Intratesticular inoculation of rabbits may have a special use in the diagnosis of
Gambian sleeping sickness. Strains of 7. b. gambiense, particularly those from West
Afiica, usually fail to infect laboratory rodents when inoculated intraperitoneally, and
the attempts to demonstrate the parasite in this way seldom succeed. The method
may also help to recognize T. b. gambiense in an as yet undiscovered animal reservoir.

The inhibition of spermatogenesis caused by trypanosomes of the subgenus Try-
panozoon was difficult to understand, particularly as it did not occur if the infection
spread to the contralateral testicle. 7. cruzi also inhibited spermatogenesis, but never
spread to the testicle on the other side.

The growth of sarcoma cells in the interstitial tissue of the testes of hamsters and
white rats was of especial interest, because after about a fortnight the tumour cells
disappeared. ‘

Summary

T. b. brucei, T. b. rhodesiense and T. b. gambiense multiply in the interstitial tissue
when inoculated into the testicles of rabbits and guinea-pigs; 7. b. gambiense grows
more slowly than the other two. 7. b. rhodesiense sometimes causes gangrene of the
festicle and overlying skin of the rabbit. All three spread to the uninoculated testicle
of rabbits and guinea-pigs after 1-3 weeks.

T. cruzi developed readily in the testicle of a hamster, numerous amastigotes appear-
in the Sertoli cells of the tubules. No parasités were seen in the interstitial tissue.
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T. vivax did not develop in the testicles of rabbits, but multiplied readily in the
testicle of a kid.

T. lewisi failed to multiply in the testicles of rabbits and guinea-pigs.

Leishmania enriertii grew vigorously and rapidly in the testicles of hamsters, numerous
amastigotes appearing in cells in the interstitial tissue, and occasionally in cells of the
lamina propria.

L. donovani developed similarly but more slowly.

In testicles inoculated with T. b. brucei, T. b. rhodesiense, T. b. gambiense and T.
cruzi spermatogenesis was interfered with. With the first three trypanosomes inoculated
testicles became smaller and harder, and sections showed interstitial fibrosis, particularly
in rabbits.

Ascitic tumours of the Downe’s type grew in columns in the interstitial tissue of the
testicle of a hamster and a white rat. ‘The tumour cells disappeared after about a
fortnight,
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Blood parasites of scaly-tailed flying squirrels in the Ivory Coast
R. KILLICK-KENDRICK axp. L. BELLIER

Department of Zoology, Imperial College of Science and Technology and O.R.S.T.O.M.,
Centre d’Adiopodoumé, Abidjan, Ivory Coast

During a search for malaria parasites of African rodents, blood films were prepared
from 37 specimens of flying squirrels of 3 different species in the Lokota district of the Ivory
Coast. The following parasites were seen:

1. Plasmodium. Malaria parasites were found in heart blood from Amomalurus peli
and A. derbianus (= A. fraseri; see ROSEVEAR, 1969), Parasitaemias were light in 6/15 4. peli
and 2/6 A. derbianus, but the pigmented appearance of the spleens of the other animals,
suggests that all specimens of these flying squirrels were probably infected. We think that
A. peli in the Ivory Coast is possibly a host of 2 species of Plasmodium both differing from
P, anomaluri PRINGLE, 1960, described from a single specimen of A. derbianus in Tanzania.
One of the parasites from the Ivory Coast causes an intense reddening of infected erythrocytes.
The other, which does not alter the host cell in this way, is unusual in that erythrocytic
schizogony seems to be restricted mainly to the blood capillaries of the lungs.

2. Trypanosoma. Trypanosomes were found in 10/15 A. peli and 5/6 A. derbianus.
There were two species; one resembles 7. denysi RODHAIN, PONS, VANDENBRANDEN and
BEQUAERT, 1913 (= T. anomaluri SCHWETZ, 1933; see HOARE, in press), but the other is
previously undescribed. The new parasite is a large (34-481.) species of the subgenus Herpeto-
soma.

3. Hepatozoon. Two new haemogregarines were seen in the leucocytes of the pygmy
flying squirrel, Idiurus macrotis. The commoner of the two was in blood films from 4/16
animals ; its gametocytes were similar in appearance to those of common species of Hepatozoon
of other rodents such as H. muris, H. microti or H, griseisciuri. (One of us (R. K-K.) later
found this same parasite in 10/16 Idiurus macrotis collected in West Cameroons). In the blood
of one infected Idiuris, a second haemogregarine of curious morphology was found. The
gametocytes of this parasite were unusually long and slender (27-5-38-5x x 1-5u) and rapidly
left the host cell if films were not dried quickly. Because of their shape, the gametocytes of
this second parasite were at first mistaken for microfilariae.

4. Microfilariae. In the heart blood of 1 A. peli microfilariae morphologically similar
to those of Onchocercella katangensis of the giant elephant shrew Petrodromus tetradactylus
in Katanga were seen. No adult worms were found in the thoracic and abdominal cavities,
the mesentery, heart, lungs, liver and spleen.

Many of the flying squirrels were examined for ectoparasites shortly after death, but no
fleas, lice, mites or ticks were found.

We thank Professor P. C. C. Garnham, Dr. C. A. Hoare and Dr. R. Muller for advice
on the identity of the parasites. The senior author thanks the Medical Research Council and
the World Health Organization for financial support.
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EPIDEMIOLOGICAL SIGNIFICANCE OF STRONGYLOIDES IN SPUTUM

SIr,—Recently we received a sample of sputum collected from a patient in Bristol
(U.K.) on June 25th, 1971, with a request to identify some nematodes found in the specimen,
It had been delayed in the post and was not delivered to us until June 30th, 5 days after
collection. On first examination we found rhabditiform bacteriophagous larvae of Strongy-
loides sp.; a few larvae, however, were filariform infective stages. The specimen was left
on the bench and when examined again next day, almost all the larvae were found to have
developed into filariform stages. SEABURY et al. (1971) have similarly reported the culture
of S. stercoralis in sputum.

These observations raise the question of the possible spread of infection by promiscuous
expectoration. Sputum, especially if associated with lung conditions accompanied by the
copious production of mucus, provides a moist viscous medijum for a rich bacterial culture
with ideal foraging conditions for rhabditiform larvae and their subsequent growth to
infective forms.

Although this appears to be the first record of Strongyloides in sputum in the U.K,,
there are scattered reports of the parasite in human sputum, pleural exudate and lungs
from other parts of the world (GaGE, 1911; FroEs, 1930; YosRHINO, 1932; LAPTEV, 1945;
CAMAIN et al., 1955; BRowN & PERNA, 1958 ; SEABURY et al., 1971). These infections appear
to have been noticed only in patients with broncho-pneumonic symptoms. Premature
development of Strongyloides in the lungs, which would be accompanied by the presence
of larvae in sputum, is known to occur (MACKIE, 1948), but to provide evidence to support
our suggestion that expectoration is of greater epidemiological importance in strongy-
loidiasis than usually realized, we need information on the incidence of larvae in the sputum
of uncomplicated cases.

There is no reason to suppose that the case in Bristol was an autochthonous infection.
Although the patient had not been abroad since 1945, we assume this was a long-standing,
low-grade infection. It has been suggested that chronic infections sometimes erupt “in
patients who are weakened, ill or have some deficiency.” (GALLIARD, 1967). In the present
case the patient suffered terminal carcinoma and died on the day we received the sputum.

We thank Dr. Francis T. Page, Dr. D. S. Reeves and Mr. Martin Bywater of Southmead
Hospital, Bristol, for bringing this case to our notice, and Mr. P. S, Gooch of the Common-
wealth Institute of Helminthology for helping us to trace reports of Strongyloides in sputum,

We are, etc.,
NeiL A, CroLL,
R. KLL1ck-KENDRICK,
Department of Zoology and Applied
Entomology, Imperial College,
17 August, 1971 London University.
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THE LOW PATHOGENICITY OF TRYPANOSOMA BRUCE] TO CATTLE

Sir,—In the discussion following Dr. Goodwin’s paper on the pathology of African
trypanosomiasis, Dr. Hoare lays the ghost of the pathogenicity of Trypanosoma brucei to
cattle. Early accounts of T brucei killing cattle (e.g. BRUCE, 1896; Foy, 1911) were almost
certainly based, as Dr. Hoare suggests, on infections mixed with T congolense (or T'. vivax).
But WENYON’s (1926, p. 542) view that cartle infected with this trypanosome rarely recovered
seems to have been the result of typographical error.

The story is told in a little~known publication by HorNBY (1930). He says of 7. brucer :
“There is still a good deal of misapprehension concerning the action of this trypanosome on
domestic animals, for a little of which I was unconsciously responsible. In my article on
“The Trypanosomes found in domestic animals in South-Central Africa”™ (1919), I used a
clumsy sentence to the effect that in a certain experiment 83%, of cattle infected with
T. brucei did recover. Unfortunately the compositor in England turned “did” into “died”
so that the printed sentence ended “of which 83%, died.” This article was seen by Wenyon
and probably influenced him in stating that cartle rarely recover. It was therefore in the
manner of announcing a discovery that as late as 1928, DUKE, in the Final Report of the
League of Nations International Commission, wrote (p. 80): “The experience of workers
in Uganda, 1 think, goes to show that an uncomplicated infection of T, brucer in cattle does
not often, and certainly does not always, prove fatal.” The experience of veterinarians in
Uganda and elsewhere showed this quite clearly ten years previously. In the Laboratory
one can easily set up an infection of bovines with 7. druce: which is usually transient,
though occasionally fatal, but in sixteen years’ experience of nagana I have not met half-a-
dozen cases of naturally contracted severe disease of cattle due to 7. brucei.”

T. brucei is common in cattle in many parts of Africa, but infections are usually sub-
patent (e.g. GopFREY and KiLLicK-KENDRICK, 1961) and there appear to be no field reports
of deaths due to this trypanosome alone. It is probably true to say, however, that some
strains of T brucei give rise to chronic long-standing infections in cattle which occasionally
lead to death. If 83% of Hornby’s attle recovered, presumably 17% did not. Furthermore
Gray (LEAcH, 1964, p. 28) experimentally infected two cattle with different cyclically
transmitted strains of T brucei and found that while one recovered completely, the other
died a year later, apparently of trypanosomiasis.

Should the term nagana be used only for the acute disease caused by 7. brucei in
horses? When applied to the same infection in cattle, perhaps it perpetuates the mistaken
view that 7', brucei is highly pathogenic to these animals.

I am, etc.,
R. KiLLick-KENDRICK,
Department of Zoology and Applied Entomology,
Imperial College Field Station,
16 December, 1970 Ashurst Lodge, Ascot, Berkshire,
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I The life-cycles of Nigeriun strains of Plasmodium
herghei ssp. indet. and P. vinckei ssp. indet,, isolated

Parasit., 56, (L), Section 2, Part 2, L35-436

in 1967 from wild-caught Thamnomys rutilans (1),
were studied in luboratory-bred rodents and imos-
quitoes.

In white mice, the blood stages of the Nigerian
P. berghei (strain N.67) were indistinguishable
fram those of strains and subspecies from other
localities. -

Cyclical transmission was easily obtained using
Anopheles  stephensi.  The size of the mature
oocysts, the time taken for completion of sporogony
and the vicld of sporozoiles weve affected by the
temperature at which the mosquitoes were in-
cubated. At 21 C, oucysts grew larger (70 1) than
at 24 or 28 C (50-62 u). The sporogonic cvele
was shorter at 28 C (8 days) than at 21 or 24 C
(9-11 days). The vicld of sporozoites from mos-
quitoes incubated at 28 C was much less than at
the lower temperatures, Lut the sporozoites were,
nevertheless, infective to white mice. As few as
80 sporozoites from the salivary glands of mos-
¢uitoes incubated at 24 C always produced infec-
tions in white micc when inoculated intravenously.

The sporozoites were remarkably long. The
mean length of 50 in a dried stained smcar was
1872 ¢ (S.E. 0.22 1) with a range of 10.0-10.5 u;
statisiically there was found to be a highly sig-
nificant difference between this length and the
lenyth of sporozoites of two strains of P. b. berghei
(ANKA and RLL) from Katanga.

Tissue schizonts of the Nigerian strain were
similar to those of P. b. yoelii from the Central
African Republic (2) and P. b. killicki from Braz-
zaville (3). Like the latter subspecies, hypertrophy
of the nuclei of infccted parenchymal cells was
oflen seen,

Observations were made on two strains (N48
and NB54) of P. vinckei from Nigeria. In white
mice, the morphology of blond stages was very
similar to that seen in a naturally infected Tham-
nomys, There were nc important differences seen
in the blood forms of these new strains and those
of a strain isolated in 1953 from a Praomys col-

- lected in the same locality (4). -

Sporogony was obtained in A. stephensi, A.
quadrimaculatus, and A, labranchiae atropurcus
incubated at 25 C = 1 C; A. gambiae (B) was
found to be insusceptible. The highest numbers
of oocysts and sporozoites were seen in A, stcphensi,
but as in all 3 species of susceptible masquitoes,
the yield of sporozoites was always low, and sporo-
zoites were never infective to white mice or labora-
tory-bred Grammomys or Praomys.

The normal size of mature oocysts was 50-60
in diameter, but forms measuring 40-70 ux woere
encountered, The mean length of 30 sporozoites
in dried stained smears of infected salivary glands
was 147 ¢ (S.E. 0.5 &) with a range of 10-34 p.
This wide range suggests a higher than usual
proportion of malformed sporozoites.

A third strain of Nigeria P. vinckei is presently
being studied in an attempt to obtain infective
sporozoites and to demonstrate primary exoeryth-
rocytic schizonts.
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