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ABSTRACT 2

Ln hisuorical raview 1s given of the
discovery of murine malarle paragites in 4 localitles in
&Lirica. The topogrepay end climate of the Nigerian
locality are described, and methods of trappini and
sxamining sylvatlic rodents ars given, The re-discovery

of a rlasaodium vinuwei-like parasite of Nigerian rodents

is reported, with the new (inding of a P, berghsi - like
paraslite of thicket-rats in the game placs,

The sporogony of the Nigerian ¥, vincksi is
dascribed in 3 species of mosquitoss, and unsuccassiul
attempts to domonstriate the exvsrythrocytic schizosony are
reporvad., The first cdsscription of blood stagos of

P. vinckel ssp.in a naturally infected rodent is given,

ant & comparison is made with the morphology in amice,

The bluod stages of P. vincksl ssp.from Nigerian

Thamnomys were rfound to resemble those of a P, vincksi ~

like parasite of Preomys found in the same locality in
1954; 1t is concluded the parasites are the saue,

The full life-cycie of the Nlgerian p, berghai

is described, Oocysts reseabled those of ., b, killicki,

but the sporozoites were significantly longer than those

of 2. b, berghei, P. b, yoslii and P, b, killicki,

Sporogony of the Nigeriasn parasite was adversely aflfected



by incubation at 28°C, but sporozoites retained soms
degreve of infectivity, Lt 2490, as few as 80 sporozoites
always infected mica, |

L statlstical study was made of sporovzoltes
of all marine malerie parasites, Tho classification is
discussed, and it concluded that the berghei-group consists !

of two subspeciss; ons, P, b. barghel, is restricted %o

Ketanga, whils the other, P, b, yoelli, ig represented by

the P, borghei~like parasites of Nigeria, the Central

hfrican Republic and Brazzaville, No similar conclusion
wes reached with the less well studied vinckei-grbup.

In an appendix, e chseck-list of the bl.od-
inhebiting Sporozoa of rodents is glven with an Index of

husts,
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Les resultats obtenus dans un laboratoire
sont trés imparfaits & cdtéd de ceux que
peut rédaliser la nature.

Alphonse Laveran, 1914,
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GENERAL INTRODUCTION | 1

The most numorous, wldespread snd diverse of all the
orders of living mammals are the rodents, Of the 932
geners llsted by Simpson (19485), 344 are rodents grouped
into 30 families, Thaéa highly adaptebls animals have
gpread to every continent of the world exﬁlbiting widely
differing ecologigal niches, A grsat variety of forms
capable of thriving in deserts, tropicel forests, Arctic
tundras or temperate meadows hés arisen, ilost are
terrestrial, but soms aru truly arboreal having evolvaed
wing-like structures enabling them to glide from tree to
tres high in the tropical forests. A few are aquatic, but
no forms have arisen which never come to land, and none 1is a
truly marine animal,

In spite of this abundance and wide distribution, little
is known of many of the protozoa papasitizing the blood cells
of podents, An exception is the group of trus malaria

parasites (Plasmodium) of ths murine rodents of Africa, some

of which have been eXtensively studied since their discovery
a'little more than 20 ysars ago, As soon as they werse
found, their valus as reseerch tools was immediately
recognised, aﬁd man's preoccupation with the control of his
own diseases at once stimulated great intersst in

Plagmodium of rodents, strains of which were so easily

maintained and studied in the laboratory,
The first reports of two malaria parasites of rodents

in Katanga (Vincke and Lilps, 19487 Rodhain, 1953) led to the
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assumption that suoh infections were raestricted to very
linited areas of the troplecs, whore the parasites only Just
managed to survive in forest rodents and delicaste, littlae-
known sylvatic mogsquitoss, Then, in 1965 and 1966, a new
school of French protozoologists led by Professor Alain
Chebaud and Dr., Iréne Lendau found that in at least two new
localitievs, the Central African Republic and the Republic

of Congo (Brazzaville), malaria was common in one particular
geml-arboreal rodent (Lendau and Chabaud, 1965; Adam ot al,,
1966$.

The work of the French Investigators gave rise to the
idea that there were probably still uwadiscovered places in
Lfrica, and possibly in other parts of the OlLd World tropics,
where malaria parasites would be found to be equally wids-
spread and firmly established in prodents. This led to tho
writer vigiting Nigerile in 1967 in an attempt to re-discovar

an apparcontly rare Plasmodiuwm first found by Bruce-~Chwatt

and Gibson (1955), 13 ysers earlier, in one of thousands of
rodents captured in thoe western part of the codstal forest
belt, Ths search was succaessful; both Bruce-Chwatt's
paregsite and another ware found, and strains were established
in the laboratory (Killick-Kendrick et al., 19638b).

In the present work, accounts are given of (i) the
discovery of malarla paragites of African murines, (ii) the
Nigerian locality and the fisld work which led to ths

igolation of ths Viest 4frican strains, and (1il) the life-
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cycles and morphology of the new parasites in laboratory-bred
rodents end mosquiltoss, The lmmunology and pathology of
the Infections were not studied,

The distribution and morphology of the murine

specles and subspecies of Plasmodium are compsared and

contrasted, and a revisidn of the berghei-group 1ls suggosted.
Finally, & check-list of the Sporozoa of the blood~cells of

rodents 1s gilven as en appsndix, with an index of the hosts,



THE HISTORY OF MALARIA PARASITES o

+IURINE RODENTS

(1) ~ Demogratic Republic of ths Congo (Kinshaga)

(a) P, berghel berghel Vincke and Lips, 1948.

Malaria parasites of rodents wers discovered by
Y
Vincke and d'Ursel in 1943 (van den Beqhe, 1954}, They werse
found ag sporozoites in the saiivary glands of Anopheles

dureni millecampsi collected in forest galleriaes in the high-

lands of Katansza, The first step towards identifying the
parasite was to discover which vertebrates wsrs fed upon by

the sylvatic mosquito. Unlike A.d, dureni, A.d, millecampsi

rarely feeds on humens (see Gilles and des ieillon, 1968), and
it was qulckly realised that the gporozoites were not those of

a Plagmodium of man. Raed blood cells in the stoimschs of

freshly fed wild-caught mosquitoes were nsver nucleated and it
was known, therefore, that the source of food was a gmnmnal,
not a bird, amphibian or lizard. Precipltin tsests perform-

ad on the blood meals of A, 4. millecampsi collected in the

gallsery forests showed that the mosquito did not feed upon
horses, cattle, sheep, dozs, cats, entelops or primaies.
Attention was then focused upon the only other numerous mammals
inhgbiting the forest, the rodents and insectivores, and

eventually 2 thicket rats (Thamnomys surdaster) out of 358

rodents were discoversd with infections of a naw malaria
parasite (Vincks, 1954), With this as a guide, sporozoltes

from wild-caught A, d. millacampsi were inoculatsed into

laboratory rats, and it wes shown that the infection 4n the



mosquitoes was of a Plas.sodiuwm of sylvatic rodents, Thisl 1.8
concluded a most elegant piece of fisgld work whlch had occupied
the Belgian workers for f{ive yaars, During the investigation,

other less comnonly infected rodents, Praomys Jacksoni and

Legzada bella, were discovered (Vincke, 1954),

The new parasite was named P, bershoi by Vincke and

Lips in 1948, and 18 years lster, when P, berghel yoslil was

recognised as a subspscles, the Katangan parasite became ths

nominate subspecies, P. berghei berghel,

By the generosity of the 3elgian workers a nunber of
strains 1lsolated from wild-ceuzsht mosquitoses ware distributed
to laboratories all over the world, and even today one strain
(Keyburg 173 - known also as N strain) still forms the basis
of many studles requiring a syringe-passaged strain of high
virulence., fNiore recently Yoell et al. (1964) and Bafort gt al.

(1968 ) have collected new strains from A, 4. millecampsi in

Xatanga which are more suitabla for studiss on eyolically
transmnltted infections.

(b4 P, vinckaei vinckei Rodhain, 1952,

When Vincle and his team were isolating strains of

P, b, berghsi from 4, d, millecamnpsi,; they found that rats

were the most susceptible of their laboratory rodents (Vincke
and Lips, 195C). Mice were, however, occasionally used, and
in one mouse inoculated with sporozoiﬁas from a natwrally
iﬁfected mosquito, an infection arose which was at aence

recognised as different from P, b, berghel, The strain was

sent to Antwerp where, after a close study of the blaod stages,



Rodha in conripmad that thea field workers had indeed 19
stumbled on a second specles of malaria parasibe in the
~8ylvatic mosquito. The second pafaSLta was named P, vinckel,

and later became the nominate subspecies, P, vinckei vinc:ei,

when P. chabaudl was placed as a subspaecies (Bafort, 196G).

In spite of hundreds of isolations of malarisa

parasites from the galivary slands of A, d, millecampsi in

Katensa durins the late 1940s and sarly 1950s, o other strains

of P, v, vincksi camse to light, Fiftesen years after the

discovery of the second paraslte, Bafort (1967}, on his

second expedition to Yatanga to re-discover P. v:nckei, was at

'last successful, and he took back to Antwerp a freshly isolated
strain obtained, once again,from & mosquito, Working with

the new strain, which had been obtained in difficult circumn-
stancos at a time of the civil war in the Congo, Bafort (1967,
1968) was able to reveal the sporcgony and tissues schizogony

of P, v, vinckei for thse first tiue.

No infections of P, v. vinckei have bsen seen in

wild-causht rodents, nor have infections of this parsassite
arisen in white mice inoculated with the blood of Thamnomys
caught in localities where A, d., millecampsi carries

C
P. b. berghei (Vincke and van den Bu]/\ke, 1949; Bafort, 1957)

But since Thamnoulys is the principal vertebrate host of

P, b, berghe., thought to be transmitted solely by

A, d, millecampsi, it is asgsumed that the natural vertebrate

host of the other Plasmodiwn carried by the mosquito is also

Thamnomys .




The view that P, vinckei was. a mutant of P, berghsi 2@

(Garnham, 1966) was an attractive explanation for the

apparent rareness of the lesser known peragite, However,

the rdcent records from other parts of Africa, where infections
of subspecies of P. vinckeizgreatly outnumber those of

P. berghei (Landau and Chabaud, 1965; Adam st al,,1966;

_Killick-Kendrick et al.,1968b), suzgest this idea is no Longer
tenable (Garnham, 1968). Pogs .bly the Katangan subspecises

has still undiscovered hosts other than A, d. milliecampsi and

Thammomys . It is difficult otherwise to understand how the
parasite suwrvives at such low levels of infection,

(ii} Nigeria

(a) P. vinckei subspecies

Spurred on by the exciting findings in Katanga,

- Bruce-Chwatt and Gibson,workin= in Nigerisa, began systemati-
cally to examine large numbers ol gylvatic rodents by
inoculat.ny pooled samples of blood into white mice,
Inevitably a backlog of unexamined slides from the mice
formed, especially since this work had to take second place
to studises on .the epidemiology and treatment of malaria in
man, One mouse which had been inoculated with blood from a

Praomys tullbergi was found to have had an infection of a

P. vinckei-like parasite, but by the time 1t was discovered,
the infection was no longer patent (Bruce-Chwatt and Gibson,
1955). Attempts to recover the strain from the mouse were
unsuccessful, and the parasite was lost, These determined

workers then embarked upon a search which was abandonsd only



after they had fruitlessly examined a total of two and a half 2-1
thousand rodents from two different localities in Western
Nigeria (Bruce-Chwatt pers.co.ic,). Possibly because their
parasite was not avallable for laboratory studies, Bruce-
Chwatt and Gibson's report of a second locality was largely
unnoticed,

In 1967, thirteen years after the discovery of the
Nigerian parasite, Killick-Kendrick et al.(1968b} collected
and sxaiminaed one speciles of rodent which wag not in the early.
collections, This was the semi-arboreal thickst rat

Thamnomys rutilans, which, in the interval, had been found

commonly to harbour malaria parasites in the Central African
Republic (Landau and Chabaud, 1965) and the Republic of Congo
(Brawzaviile) (AQam et al., 1966). This fresh approach,
soundly based on new information and well supported by workers
in Nigeria familiar with the locality where the first discovery
was mede, quickly led to the isoletion of new strains of
Bruce-Chwatt's parasite which was found In a third of the

Thamnonys examined, It was then realised that the single

infected Prsomys must have been an acclidsntal host of a
parasite of Thamnomys, or possibly thet the infected animal
was a Thamnomys wrongly ldentilfied as a Praomys.

The invertebrate host of the Nigerian P, vincksi

is not yet known, Nine species of anopheiines are recorded
in “he area (oruce-Chwatt et al,, 1955), and it has been

suggested that ths mosquito transmitting the infection in



nature is 4, cinctus, A. coustani ar A. obscurus (Killick-

Kendrick et, al,, 19680). 22
A full acoeoust of the field work which led to the

re-discovery of sruce-Chwatt's Plasmodium and thse first

isolation of P, berghel in the same locality forms part of the

present work,
(b) P. berghei subspecies.
During ths recent investigation of the Nigerian

locality, a single strain of P, berghei was lsolated from a

Thamnomys rubtilans which was also infected with P, vinckei

(Killlck-Kendrick et al., 1968b}., The P, berghei was
separated from the other parasite during cyclical passage

through A. stephensi, and & descripbtion of its life-cyclse is

gilven elsewhere in the presént work, together with a

discussion on the identity of the Nigerian strain and 1its

relationship to the three named subspecies of P, baréhai.

As with the P, vinckei from the same place, the mosquito

vector 1s at present unknown.

(11i) Central African Republic (C.A.R.)

(2) P. vinckei chabaudi Landau, 1965.

The discovery of P, v, chabaudl in a Thamnomys

rutilans fprom the C.A.R, in 1964 was a turning point in
understanding the murine malaria parasites, For nearly 29
years it had been assumed that this was a rars group of
parasites of the Katangan highlands, The surprising finding
that every adult Thamnomys collected from villages near La

Mabok&, 150 k.m, from Bangui, was infected with P, v. chabaudi




(Landauw and Chabaud, 1965) stimuleted new field work in the
two other known focl of infection, Nigsria and Katensa, and
led to new discoveries in the Conzo (Brazzaville).

The parasite was first found by Dr. Irédne Londau
in Paris, in a Thamnomys which was ons of a numbor of wild
rodunts collected by the emlnent French mammelogilst Mr, F,
Pottor, In 1965 the blood stages wsre desbvibed, and the

paragitse named P, chabaudi. Later, the dilscovery of a now

subspscies of P, berghel in the same locality suggestaed thet

P, chabaudli was perhaps better considersd as a subspscies of

P, vinckei (Lendau and Killick~Kondrick, 196sb), Lfter Bafort

(1968) had studied the complete life-~cycls of I, vinckel vinckel

from Katanga, he placed the perasgite from the C.4,R. in the

lowsr taxon.

No infections of P.v, chabaudl have been reported

in rodents othsr then Thamnomys, fuch remains to be dons before
a full cowmparison of the epilzootiology of the parasitaes of the
C.4.Re cen be made with that of ths Xatengan parasites,.

The invertebrate host of P, v, chabaudi is undiscoverad,

although 1t has besn suggested that the mosquito most likely

to be the vector in the C,A,R. i1s 4, nili, 4, cinctus, 4, vinckel

or L. rhodesiensis (Vincke, 1967).

(b} P, berghel yoelil Landeu and Killick~Kaendrick, 1968

Duriny field work on the incidence of P v,



chabaudi in the C.A,R., about half the Thamnomys were found

to be harbouring a second Plasmodium which, from the blood

stages, was indistinpuishable from the Ketangan P, berghei

(Landau and Chabaud, 1965), A close study of the sporozonlc
and tlssue stapges in laboratory-bred mosquitoes and white
rats at once revealed diifferences (Landeu and Xillick-Kendrick

1960 a,b} whioh were sufficiently great for this Plasmodium

to be recognised as a subspeciss of P, berghal, and it was

named P. b, yoelii in honour orf Proiessor ieir Yosli, the

digcoverer of the tissue schizogony of the murine malaria
parasites.
No other species of rodcnts were found infected

with P, b, yoelii and, as with alil murlne malaria parasitas

except those from Katanga, the natural mosquito host is not

yot known,

(iv} Rgpublic of Gongo (Brazzaville}
(a) P. vinckéi subspecies
Stimulated by thelr findings in the C,A.R., the
French workers turnsed their attention to another part of
Afpica, and in 1965, with their collsague i, Adam, tﬁey
reported & second unexpected enzootic in a forest gallsry nsar
N'ganga Lingolo, 15 km, from Brazzaville in the Republic of

Congo (Adam et al., 1966} Oncs again two parasites, one of

2

4

23
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the vinckel - sroup and the other of the berghei - group,

ware found in Thamnomys rutilans, At filrst the specific

ldentify of the rodents was uncertain, but it was latar
found from an sxamination of ths skulls that all the

Thamnomys exemined wore T, rutilens (Landau et al,, in press)

T8l out of 24 of thesse rodents were found to have patent

infections of P. vinckeil, Strains wers sstablished in ths

leboratory and the life-cycle was studied in Paris and London,
After some difficulty, preparations of all stages were
obtained, enabling the investigators to maks a thorouzh

comparison with P, v, vinckei and P, v, chabaudi; the parasite

from Brazzaville is now being named as the third subspsciss

of P. vinckei (Landau et al., in press)

The bilotope has not been oxtensively investigated
and only few rodents othor than Thamnomys have been examined
without, so rar, other vertebratse hosts being discovored, in

the salivary glands of one A. cinctus collected in the

N'geange Lingolo forast, however, Adam (pers., comn,} found very

long sporozoites typical of those ssen in A, stephensi

exper imentally infected with P, vinckel from sSrazzaville.

It seems likely, therefors, that A, cinctus is the vector of
the murine malaria parasites of this inost recently discovered
locality.

(b) P, berghei killicki Landau, Michasel and Adam, 1968. /

Two strains of a P, berghei - like parasite were



enoountered in Thamnomys rutilans from 3razzavills (Landau

et al,, 1968)., The life-cycle was easily obtained in

A. stephansi and laboratory rodsnts, and the parasite was

recognised as the third subspscies of P, berghei,

The natural invertebrate host of .this parasite

is not known, but A, cinctus must be suspscted because of the

strong sugzestion that this is the mosquito transmitting the

P. vinckel -~ lilke parasgite in the seane locality.

S
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THE NIGERIAN WNZOOTIC JF uiURINE (ALARIA

Introduction and previous work

The Nigerilan enzootic was discovered by Bruce-

Chwatt and Gibson (1955}, who briefly described a P, vinckei -

like parasite isolated from & Praomys tullbergi collected

near Ilobi in Western Nigeria, Full details of this work
ware not published, but, by kind permission of Professor
L.J. Bruce-Chwatt, a list of all the murine rodents examined
is glven in table 1,

Rodents were trapped in two places, Agege and
Ilobi, No infections of malaria were found in 1,007 murines
from Agege, and only one, in the Praomys mentioned above, ln
1,573 from Ilobi, 1038 of which were P. tullbergi.

The.routine method of examination was to inoculate
white mice intraperitonseally with pooled samples of blood
from the wild rodents; blood films from the mice were then
regularly examined. In addition, stained bluod films from
many of the wild rodents were examined dlrectly for parasites,
The abllity of the microscopists to recognise infected rad-
cells is well illustreted by the high incidence of babesiasis
detected, espscilally in Preomys from Agege, 12 par cent of

which were found to harbour an unnsmed species of Babssia
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(Bruce-Chwatt and Gibson, unpublishad). The inoculation of

the mlce, however, would be expected to be an even better
method of dilagnosing malaria, since it would reveal subpatent
infectlons such as Vincke (1954) described in Thamnonys
Surdagter in Katanga. In spite ol tremendous efforts, with
reliable methods of diagnosis in the hands of experilencesd
malariologists, the puzzle of the astonishingly low insidence
of malaerils remainsed unsolved,

In Dscember, 1966, while reviewiny the distribution
and differential characters of mwrine malaria parasiltes,
Profesgor P.C.C. Garnhem and the writer were struck by the

possibllity that sruce-Chwatt!s Plasmodium was perhaps

primarily a perasite of thicket rats, Thamnomys rutilans,

nons of which was in the very large collections at Ilobi and
Agege (see table 1), We suspected that the apparent absence
of Thamnomys could be explained by the positioning of the
traﬁs, which had always been placed on the ground, In
Brazzaville, Mme. Landau (pers. comu.) had noticed that
although Thamnq@g&lwere often taken in traps set up in bushses.

they seldom entered traps set at ground lsvel, Sugpicions

that thicket-rats were likely to be infected in Nigeria were
based on the accounts, which had just been published, of

extraordinarily high incidences of infection in T, rutilans

from the Central African Republic, and the Republic of Congo



(Brazzaville) (Lendan and Chabaud, 1965; Adam et al,, 1966).
We then sought information on the distribution

of Thamnorys in Nigeria, Rosevear (pers, comm,) confirmed
that T. rutilang had bssn collacted in the Gambare Forest

Reserve south of Ibadan and, in his view, the range of this
gspecies in Nigeris would certainly include Ilobi, In a
check-1list and atlas of Nigerian mamnals, Rosevear (1953} had
earller assumed that Thamnomys occurred throughout the coastal
forest belt of Nigeria (see map, fig. 1). In August, 1967,
Bruce-Chwatt'!s locality was therefore visited with the

expraess purpose of collscting and examining Thamnogys in the
expectation, later shown to be correct, that this rodent
would be found to be the principal vertebrate host of the
.parasite discovered at Ilobi thirteen years earlier in only

one of more than 1,000 Praomys.



FICURE 1

Map showing the distribution of Thamnomys rutilans

in Nigeria.

Black dots represent localities where specliwns of
Thamnomys in the British Museum wers collsctead;
the star N.W., of uegos indicates Ilobi; and the
shaded area indicates the probable distribution

of Thamnomys in the High Forest Zons (aftor

Rosevear, l953).
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Topography and Climate of the Locality

The village of Ilobillies nsar the Ilaro Forest
Reserve at longitude SOOS"E; latitude 645"y, in the old
BEgbado Division of Abeokute Province in the Western Stats of
Nigeria, . .Physically the Egbado Division differs littla from
most of the Niggrian coasgbad .forsgt beltb, The altituds 1is
70-130 m, Ths country 1ls unduleting, with no important heights
and is best described as well forested and patchily, cultivated
(3ruce-Chwatt et al,, 1955). Small rivers with shallow bads,
lying in wide valleys, drain the land southwards to the ses,

Wéstern Nigeria is one of the most heavily populeted
parts of Africa south of the Sehara, and the vegetation has
been .much affected by the activities of man, There 1s
virtually no truly virgin forest left/(Rosevear, 1953), and at
one time or another most of the land has been cultivated,
The method of farming is one of shifting cultivation, so
comnon in Africaj land 1s cleared, crops are grown, and
after one, two or at the most thres years, the plot 1s left
fallow for a variable time before it is farmed agein,

Growth of vegetation is so rapld that within the

first fallow year herbs and grasses abound, and there 1s soon
little resemblance to a farm, Shrubs, bushes and saplings
spring up, and in a few years the fallow land becomes

secondery forest with an opsen canopy, above which tower



33

emergent trees, spared when the land was cleared. If the
land 1s abandoned and left undisturbed, the saplings becoae
trees, creapers grow and the canopy becomes closed. Denled
light, the gresses and herbs on the forest floor no longer

flourish, and the lower levels or the forest become
progressively more and morc open,

All stages of this regensration of forest are seen
at Ilobi, Close to the north-.cagtern side of the village
lles the Ilaro Forest Resarve (see plate 1) a patch of old,
miied deciduous forest comprised wmsily of Stercullacae
Leguninosae, iioraceae and Cogbretacas (Bruce-Chwatt et al.,
1955)., It has a closed cenopy 30 m, high, and it is about
62 sq. km, (24 square miles) in area, This wooded land, which
sxtends in patehes throughout much of Westsern Nigeria
(Rosevear, 1953), lies in the Hipgh PFarest Zone at the
western edge of the southern Nigerian region of secondary
forest (see map, fig., 2). This, though much degraded, forms
the most westerly pandt of the great Congo Forest, separated
from the Guinea Forest by the Dahomey Gap.

Within the Ilaro Forest, wood-gathering and
hunting are strictly prohlbited, and an active Forestry
Dspartment ensures 1t remains undisturbed, This kind of
forest provides a'poor habitat for arboresal murine rodents,

which prafer bushes and thicksts, and no trapping was done in



PLATE 1

Path at the sdge of Ilero Forest Ressrve, W,

Nigeria. Theamomys rutilans was trapped in the

sscondary forcst on ths right,.




FIGURE 2

fap of the south-western corner
of Western State, Nlgerla, showing

the position of Ilaro Forest Reserve,

&
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the resérvé itsalf Along the southern edge of the
reserve lie small plots of cocoa and banana tpoes among .
fallow farmland and secondary forast(plates 1l and 2].
Trapping was cerried out al.ost entirely in the sacondary
forest which had an open canopy 6 m. high, interspersed with
emergent trees left standing during earliesr psriods of
cultivation, Remnant cocoa bushes and banaene trasg, still
crcpped by their owners, were dothted throughout the
secondary growth.,
The climate at Ilobi is common to much of the

Wost African coastal belt, During the summer rains, .the
prevailing wind is south.west, but in the cooler winter months
1t is from the north, bringing fine dust from the Saharaj
this northerly wind is known, in West Africa, as the
Harmatten, Rainfalﬁf;eavy; in 1949-1953, the mean annual
rainfall at Ilaro was 150 cm, (59 ins) (Bruce-~Chwett et, al,,
1955), with most precipitation occurring during 90 days of the
year, The rains begin in April, and become progressively
heavy reaching a first peak in Juns and July. Therse 1is then
a lull during August, and a second smaller peak in Septeuber,
In October the rains fall off, and from the beginning of
Dveember until the end of Febpruary, there is very little.

Temperatures within the biokope at Tlobi are not
known, but at Absokuta, 35 km, (22 miles) from Ilaro (ses

map, fig. 2), Bruce - Chwatt et. al, (1955} recorded a mean



dailylmigimuﬁ“ﬁémparatura_bf 229 ¢ (72°F), and &' mean

daily ma:xmn.r}i"bf 1% (8793), . It is unlikely that the
higher temperaturs is reached in shaded.Seédndary forest and
farm-bush, The relative humidity at Abeokuta was given as
80 per cent throughout the year except during the cool dry
season in January and February, when it may fall below 50

per cent for short periods,



Fig.(i) Ilobi, Western Nigeriaj cleared faraland

and secondary forest on fallow farmland,

Fig.(11) Ilobi, Western Nigeriaj; cocoa plantation




HATERTALS AND METHODS QOF PIELD WORK 4%}

Collection of rodents

In August, 1967, the civil war in Nigeria mades
field work difficult. As military road-blocks controllsed
all trafrfic on roads out of Legos, permission to work at
Ilobi was at first withheld, To gain experisnce of trapping
a visit was there:iore made to Akessan, 2 small village a few
. miles east of Agoege.

The fermers at Akessan recognised Thamnomys, and
said i1t was a comeon rodent of the fallow farinland around the
village, Becauss of 1ts arboreal habits, it was known to
them as the "up-rat™; its Yorubd name is "Iwo", The
villagers knew its nest, and after a short search one was
found in a banana tree 2,5 m. from the ground (plate 3).

A rodent was caught with the hands in the nest, and was

immediately ldentified as a younz adult Thamnomys, This was

& most% encouraging start, since the presence of thicket-rats
in a habitat which stretehed continuously to Ilobi was now
confirmed.

At Akessan and, later, at Ilobi the pressnce of
nests, most of which were old and abandoned, was always found
to be a certain gulds to the presence of Thamnomys. 4t the

tine of the isld work the nssts had not been wsll described



PLATE 3

Nest of Thamnomys rutilans 2.7 m from the ground in a

benana tree. Lkessan, W, Nigeria, in adult The..nomys

was caught with the hand in this nsst.

I



and since they may be confused with birds nssts, careful 42
notes were made of their appearance (plates 3, 4 and 5},

They were generally oval, but their shape was laprgely
determined by the site. The outer layer consistsed of

untidy woven dead leaves which varied according to the tres

or bush in which the nest was built (fig.(1} plate 5).

Within this layer ths centre of the nest was made of very

fine grass with no obvious entrance or resting-place (fig. (ii)}
plate 5). This description does not agres with that of

Rosagvear (1969) who examlned nests of T, rutilans collected

in the Central African Rapublic and sent to him in London,
He mal.es no mention of the leafy outer layar; and records
the Size as 6 X 4 ins, The nests seen in Nigeris wers a
little larger than this (7 x 5 ins), and 1t seems possible
that Rosevear's spscimsns had lost the outer layer on
collection,

All the nests seen at Ilobi were from 1.5 -~ 2.5 m,
from the ground, Local farmers, however, asserted that thay
sometimes came across nests very much higher than this,
ocoaesionally as high as 10 m,

On the dey after the visit to Akessan, tqnsion
eaged and work began at Ilobi, Becauss of road-blocks, it
was not possible to set traps at dusk and then refurm-to
Lagos, as had bsen plannsed, and local help was therefore

-gought, A man who had assistsd SBruce-~Chwatt!s trapper in
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Pig.

PLLTE 4

Nests of Thamnomys rutilans in cocoa tress at Ilobi,

Western Nigeria.




Fig. (i} Showing outsr
layer orf cocoa

leaves,

Fig. (1i) Outer layer
of cocoa leaves
removed; showlng
inner layer of

grasses and vings,

P..ATE 5

Nest of Thamnomys rutilans (shown in situ in fig, (i), plate

4), removed from cocoa trese; Ilobi, Western Nigeria.




the 1950s was empluyed and shown how to set the traps, 4 4§
trapping area was selected from local knowlsdgs of the
distributi~n of Thaimomys, and the easé wilith which nests were
Tfound,

The traps used were & modsl selscted by a French
worker to trap galago: in the Republic of Congo (3razzaville}.
It had bgen found that Thamnoays were often taken when the
traps were sst in bushss, In sstting the traps at Ilobi, the
methods used in Brazzaville were clossly followed, The
trapper was shown how to select suitable bushes or banana trees,
end how to place the open traps at least 1.5 . above the
ground. With his earlier experience, there was initially
some difficulty in persuvading him to site the traps corractly,
and at the baginning, he often put them too low, onr én fallen
logs, He zlearly found 1t difficult to ignore his éarly
traininy when Bruce-Chwatt and Gibson had collscted terrestrial
rodents,

The traps were obtained from "Manufrance',

St, Etienne, France (described in the disfributor's catelogue
as "16-7870 Ratier"), They were made of galvanised wire,
spaced at intervals of 1 c¢cm,, forminz a square tunnel 40 cun.
long, 12 cm. wide and 14 cm. high (Plata 6)., Thers were two
doors, ons at each end, which were spring-loaded and released
by the movement of & vertical locking-wire bearing the bait.

In later work in Sierra Leone, the American-mads



PLATE 6

Spring-operated rat-trap with doubls doors

set in a bush at Ilobi, Western Nigsrisa.




"
“Havaharﬁ“ trap wasfused, but it was found to be unsuitable
for setting in bushes because ibs gravity-éctivéfédiﬁédhanism

was fired by the slighfasﬁimbvemant. The only problemn with
the "Manﬁfrance" trap was intserference from galagos (which
could take the bait by resching through the wires) and from
giant ceantipedss (which, when baneana was used as bait, ate the
pulp leaving a ring of pesl); because of their size, ths
centipsdss easily fired finely set treps.

Since Thammomys is frugivorous, and is known to
be fond of apple in captivity, this was the first bait ussd.
The supply was irregular, however, and locally obtainable
fruits, banana and palm-nut, were trisd; the former was as
attractive as apple, but the latter was ignored. It wes
later found that, unlike Praomys, captured Thamnomys did not
eat plam-nutbs.

Because of the civil wnrest, trappinz at Ilobl
was limited to only 8 days, from the léth - 23rd of August,
1967, in the lull in the ralns, the same time Of yeer Zpruce-
Chwatt and Gibson had caught the single infected Praomys.

The trapping site was visited sach morning and the catch
transferred to cages packed with hay ready to take to ths
laboratory in Lagos for examination, The catch was augmentsd
by buying a few terrestrial rodsnts from boys in the villags,

Peri-domestic rats and mice were not bought, and the nuumber



caught in the boys' ingeniously made devices formed but a 43
small part of the total,

The talls of all the rodenbs stripped easgily,
and the skin of many, especially youny Thamnomys, often tore
if they were cauzght by the scruff of the neck, They were
most conveniently handled by tipping the contents of thes cages

into a dust-bin, and catching the rodents with a cloth,

Identification of rodents

Preliminary identifications were made on
living rodents using Rosevear's (195v) excellent key, for the
non-specialist, of the Nigsrian murine rodents bassed solely

on exbternal characters, In Nigeria, Thamnomys rutilans is the

only rat with fine but obvious hairs on its tail, most numerous
at ths distal end and ending 1in a tiny tuft like a very smmll
paintobrush, The identification of this species presented no
special probleimn (Plates 7 and 8). (In some other parts of
Africa, however, the appearance of the tail cannot be used as
the sole criterion for field identifications of Themmomys.)
Specimens of sach of the rodsnts examined werse
evisceratsd and fixed in 4 ?o aqusous Formeldehyds, They wers
then ssaled in plastic bags containing swabs of cottonpwool
soaked in the fixative,. Skulls and skins of the spscimens
were kindly prepared by Yr, Louis Bellier in the Ivory Coast,

and the skulls wera later given to the British Museum (Natural
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PLLTE 7

The four speciss 0. inurine rodents trapped at

Ilobi in 1967.

From left to pight: Thaanomys rutilaas,

Praouys tullbergi, Stochomys longicaudatus,

and Malacomys cdwerdsi,




PLALTE 8

Ldult Thamnomys rutilans (No,N48) caught at

Ilobil in hAugust, 1967.

This rodent had a patent infection of

P. vinckel showing all stages of developuwsnt.

oo



History), where Mr. D.R. Rosevear identified sach spacimen. 5}_
The fleld 1dentifications were all found to be correct.

Since tko work at Ilobi, Rosevear (1969) has
published a supserb meinoir on ths rodents of West Africa which
ghould enably workers to identify most of their catéh.

Immature animels present special difficulties, however, and
this, together with the possibility of coming across new races,

makes the specialist indispensable.

Exemination for malaria parasgites.

At first, attempts were made with five rodents

caught at Akessan, to collect blood from the orbital plexi
or tails with heparinised capillary tubes, It was difficult
to get enough bloud, and the msthod was abandoned. Hoart
puncture undsr ether anaesthesia, using a 21 gauge hypodermis
needle for smzll animals and a 17 gauge for large, proved to be
more satisiactory. The heart wag most sasily enteroed cluse
to the left of ths sternum, slightly above a point helfway
between the clavicls and bottom of thas rib-cage. Heparin
(0.5 i.u./ml.) was first drawn into the syriage to prevent
coagulgtion. The Voiume of samples varied from 0,6 - 1,0 ml,,
and almost all the rodents survived,

3lood samples were equally divided between two or
three small white mics, which wers inoculated intraperitonsally.

Thin blood filns from ths mice were examined only once or



twice between the 5th and 9th dasys after inoculation, as 552
there was insufficient time bto ksep them under observation
for a longer period.,

Thick and thin blood films from the wild
rodents were prepared and sxam.ned directly for malaria
paragitas. Since it was feared that the heparin in the
blood from the heart might adverssly affect steining, the
films were made with blood obtainsd by snipping the end of
the tail, Thin films were fixed with absolute methanol and
wers steined with Giemsa's stain, Thick films were dried
in a_desﬁii%tor overnight and were then simulteneously lysed
and stained in the sams stain at a weaksr dilation,

When stained by conventional methods (see
ghute and Maryon, 1966), thick films from rodents are alimost
impossible to lyse satisfactorily. = To overcoms this problem,
Mpr. G.T. Shute recomnended a modifisd steining method which
~ he had found ideal for%the-diagﬁbsi&,of malaria in man‘by
the examination 6f thick films. -  ‘Shute's method differs from
others by the hizher selt conecentration in the bufred water

used to dilute the stain. ~ To avold making two solutions
ons for thick and the other for thin films, a single stock
solution of buffered water is prepared and diluted difrlerently
depending upon which kind of film is being stainsd.

The technique 1is as follows:-



(A0

(1) Prepare a stock solution of buffaered water 5

S B

YagHPO, (anhydrous) 5.0 g.
Distilled water to 1,000 mlL,

(11) For thick films, dilute 2 parts of the
stock solution up to 5 parts with distlilled
water, Add Glemsa's stain to 2,5 - 3 per
cent,, and stain films upside down for 30
ming. Rirss briefly with dilubts bulfer and
allow to drain and dry.
(1ii) Por thin films dilubte 1 part of the stock
solution up to 5 parts with distilled watbter.
Add Giemsa's stein to 8-10 per cént.
Fix the films by flooding momentarily with
absoluts methanol and, without rinsing, put in
the stain for 30-40 mins, Rinse very rapidly
in dilute buffer solution and allow to drain
and dry.
This method almost completely solved the
problem of staining thick films of rodent blood (Platé 9),
excapt for a few Iindividual enimals, the blood of which pserhaps
contained a higher than normal proportion of immaturs red cells

which leave strongly staining envelopss after lysis,
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Rings, trophozoites and a schizont of

Nigerian P, vinckel in a thick-blood film

from a naturally infected Thamnomys rutilans

(N48). (x1,500)




At leagt 200 fields of e ach thick film were
searched with a X100 objective and X6 6culars. Thin films
were used to study the morphology of the’parasites.

The first infected rodent found was one of the
few which disd as the heart puncture was perforimed. It was
imnediately opened and blood was collected from the heart
before it stopped beating. The splesen and, to & lesser
degroeas the liver, was sesn to bs heavily plgmented, and the
diegnosis of malaria was made even befors the blood films woere
stained. This suggests that a raplid msans of roughly making
a malaria survey of rodents is simply to kill the ani.al and
look at 1ts splesn. Spleens of all infected rodents were
never much larger than those of uninfected ones, but pigmertation

was always obvious,



RESULTS OI" SURVEYS Of' NIGERIAN RODENTS

The results of the survey carrisd oub in August

1967, are shown in Table 1. Of 41 rodents collected at Ilohi,

6 out of 18 Thamnomys rutilans wero found with patent infections

of P. vinckei ssp. indet.; one ol thess animals was also

infected with P, bergheil ssp. indst. No subpatent infectilons

were deteeted in 12 Thamnomys, 2 Stochomys, 20 Praomys, and

1 Malacomys, but the psriod of observation of white mice

inoculatsad with blood from the wild rodents was too short
(9 days) to be certain that thers were no very low-gredu

infections,

In Tebls 1, the unpublished results of the
gxtensive survey of Brucs-Chwatt and Gibson are combined with
the results obtained in 1967, Jut of a total of 2,61 murine
rodents from VWestern Nigeria (1,614 from Ilobi} ohly 7 have

been found with malaria, O0f 1,607 Praoays tullbergi (1,058

from Ilobi}), one was found in 1954 harbouring P, vinckel

(Bruce-Chwatt and Gibson, 1955), and the 6 infected Thamnomys
menbioned above were found 13 years later (Xillick-Kendrick
et al., 1968b).

These combined results clearly show that
Thamnomys is the principal vertebrate hogt of murine malaria
parasites at Ilobi, Since the 1967 survey, Lambo (psrsonal

communication) has found thet approximately 50 per cent, of




the Thamnomys ere infected, and on reflection, it seems ¥
possible that Bruce-Chwatt's single infected Ppao_z_ may have
bsosn a misidentified Thamﬁoggs.ﬁ Even if the identification
were correct, Praomzs appears to bs an unimportant and probably
accidental host.

Whatever the explanation, the almost comple te
restriction to one murine rodent is interesting, especially
since gporozoites of at lsast one or the Nigerian parasites,

the P. berghel ssp., are known to be infective to Thamnomys

surdaster, Praociys natalensis, Rattus norvegicus, ifus musculus

and Cricetus cricetus, Possibly the as yet undiscoverecd

vector feeds almost exclusively on thicket rats, but until the
vactor is discovered furthsr speculation ig uselass. But the
possibility that the mosquito is attracted to only one of the
sylvatic murines, strongly suggests that, in attempts to
investigate the proble:, insect traps should be baitsd with

Thamnom{s.

In Katanga, Leggada (=Mus) bella is occasionally

infected with P, b, berghei (Vincke, 1954). The rsla ted

pigmy mouse L, musculoides almost certainly occurs at Ilobil

(sse Rosevear, 1953), but, presumably because of the iapge
traps used, it has not yet been collected. Nevertheless,
because of the findings in Katanga, it must be considered as @

possible host in Western Nigeria,



TABLE 1. Murine rodents from two localities in Westexn

State, Nigeria, examined for malaria parasites

Rodents Agege Ilobl Ilobi
19505 1) | 19s0s (1) |1oe7 (@) | Totals
D
incomptus 0 1 8] 1
Azvicanthis
niloticug 1 8 0 9
Lemniscomys
striatus 37 63 O 100
Hybomysg
trivurgatus 273 6 0 279
Stochomys
longicaudatus 18 51 2 71
braouyg - (3)
tullberqi 549 1038 20 1607
Thamnomys (4)
zutilans o 6] 18 18
Malacomys
wardsi 18 21 1 40
Lophuromys
sikapugi 108 384 o] 492
Cricetomys
gambianus 3 1 0 ! 4
TCTALS 1007 1573 4] 2621

(1) Bruce-Chwatt and Gibson (unpublished)

(2) Kkillick-Kendrick et al., (1968b)

(3) One with malaria parasites

(4) Six with malaria parasites
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POSSIBLE VECTORS OF THE NIGERILN FARASITES

No determined sffort has yobt been mrde to identify
the vector of the maleria paresitses of Thamnomys in Higeria,
1t 1is, neverthelaess, possible tov suggest which anophelines
arg most likely to be the invertebrate hosts at Ilobi,

The mosquito host of the murine malaria parasitas

of Katanga 1s 4, durenl millsecampsi, an anophaeline with e range

rastricted to parts of Katenga only (Gilles and de Meilloa,
196¢). 4 single recoerd of L, dureni in the Ivory Coast
(Hamon et _8l,, 1956) is now regerded as a mistake (Gilles and
de ideillon, 1962). Thus there 1s no doubt that the host of
paragites of Wigeria, ths R.C.LA. end Brazzaville must be a

mosquito other then 4, dureni,

Four sylvatic anophslinss are comm>n to the

localities othsr than Katange, These are: L, cincbus,

L, coustani, L. obgecurus and &4, nili, (Gilles and du Heillon

1968; hAdam, pers, comw,) Two of these, 4. cinctus, and

A, obscurus, are thought to be rare in Nigeria (Hamon et. al.

19563 Gilles and de deill.n, 1968), but relatively 1little
work has been done on the sylvatic snophelines of West
Africa, and collections using man as bait are of little help
in revealing ths true prevalence of species which are not

anthropophilic,
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Of the four specias known in the forests of
Nigeria, the C.4A.R, and Brazzaville, thore 1s a suspicion

that &, cinctus is tha most likely vector of murine malaria,

Adam (pers. coiun.) has found very long sporozoltes typical of

subspecies of P, berghel and P. vinckei or Brazzaville in the

salivary glands of an A, cinctus caught in the N'ganga Lingolo

forsst, where about half the Thamnomys harbour malaris parasitaes,

This mosquitoe 13 therefore the probable vector of P, b, killlckl

and the Brazzaville P, vinckel end may well be the host of the

parasites in Nigeria and the C.i.R.
Support for this idea comes from the closse

relationship betwesn LA, cinctus and i, dureni, which ara both

grouped in the aprdensis section of series Neomyzomyle in the
subgenus Cellis (Gilles end de Meillon, 1968). 4, nilll is
also included in this section, and as one of its resting
places 1s the holes of rodents (Hamon et.al,, 19856), it .mst
be viewed a8 a possible host of their malaria parasites,

The i.uaportance of discoverinz the vectors
of the parassites in Nigeria, the C,4A.R. and Braziaville as an
aid to understanding the apparent speclation of murine

Plasimodium hes been stressed by Gernham (1988),



THE LIFE CYCLES OF THE NIGERIAN PARASITES
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The life-cycles of the Nigerian parasites were
studisd in the laboratory in an attempt to reveal their
relationships to the murine malaris parasites of other parts
of Africa, In the accounts of their life-cycles, the new

paragsites are referred to as the digerian P, berghei and tha

Nigerian P, vinckei to distinguish them from the named sub-

specles from othsr places.

vistorials and dxethods

The methods used were hasically those described
by Landau and Killick-Kendrick (1966b} in their study of the

sporogony and tissus schizogony of P, v. chabaudi and

P. b. yoelii, and later adopted and modifisd by Wéry (1968},

(i) idosquitoes

Anopheles stephensi was bred at 27°C (relative

Humidity 70-80 per cent) by the methods describesd by Shute
and Maryon (1966}, This mosquito 1s the best laboratory
host of murine malaria parasites yet discovered (Yoell et al.,
1968b; Landau and Killick-Kendrick, 1966bj Vincke et al,,
19663 Weary, 1968}, The strain bred for the work was an
Indian one originally established in the UK, by Shute in
_1947 (Shute and Maryon, 1966). This is the same strain as

that used previously by many workers in various studies on the
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sporogony of P. b, berghei, P, b, yoslii, P, b, killicki, 6‘3

P. v. chabaudi and P, v, vinckei.

To avold handling adult mosquitoses with suction
tubes, a proceduro which markedly shortens their life and
makes 1t difficult to obtain the.complate sporogony of any
malaria parasitae, pupac were collected from larval pans and
were then placed in mosquito csages (12"x12"xi2") to permit

adults to emergs undamaged.

(11) Rodents

All mice used werg from a commsrciaslly availablas
outbred line of "Theiler's Originel” strain, Since inbrad.
strains vary widely in their sultabllityias hosts of murine
malaria paresites {s.g., Oxbrow, 1969), there ars obvious
advantages 1n using genstleally varied aniumals whon studylng
an unknown parasite,

Thamnomys surdaster were obtained from a colony

@t the National Institute for Medical Research by ths kindness
of Dr. F., Hawking, This colony was originally established
with eanimals from the laboratory of Profegsor ifeir Yoelil in
New York (ses Yoeli st al., 1963).

Praomys netelensis wers bought from commerclal

supplisrs, Coloniss in the U.K. vsre first establishcd in

the ronnly 3950s whén thoyewers -degeribed as dagtomyd . coucha)

the.clagsificgtion isscenfused(sdg Davis 1963, 1965).



(i11) Infectlive feeds of mosqguitoas

On emergence, mosquitoss wore maintained forGg
5-10 days on glucoses solubtion bafbre being given an infective
feed, Mlice were strappsed in a supine position on a cork
ooard and the abdominal hair was clippsd short, They wore
then put 1Inside the cages of mosquitoss, Blood msals were
raadily taken when the board bear.ng the mouse was held close
to the top of the cage on a matal tripod stand.

All mosqultoas which took & blood meal had normal.
ly completed their feed within 3 hours, The mouss was then
romoved, and unfed female mosquitoss and surviving males wers
caught and killed in a test-tube containing chloroform on
cottom-wool, When feeding large numbsrs of mosquitoes, two
or three mice with similar gamstocytaemias wers offered. The
ratio of mosquitoss to mice was an estimated 150 females to
each rodent; if more fed on a small mouse, 1t usually died.

After an infective fesd, mosquitoss wers
maintained et 249 - 26°9C in an insect8ry, The relative
Humidity was kept betweea 70 and 85 per cent(if it falls below

60 per cent, A. stephensi soon dies)., Twenty-four hours

later, an egg bowl conteining water and a filter paper, and
a pot of glucose solution were provided, and throughout the
period of sporogony, no blood mesals were offoered,. The growth

of oocysts and the viebility of sporozoites of P, b, yoelii.

is the same in A. stephensli fed on glucoss as it is in




mosquitdes. imaintained on blood (Wery, 1968), and from the ﬁéi

point of view of standardisation, the former tuchnique is the
better of the two.

Potentlial carriers of gamstocybes wera
infeeted by intrapuritoneal inoculations of 1-2 drops of blood
from a rodent with, whensever possible, & rising primary
parasitaemia, The best timc to fesd mosquitoes was chosen on

the bagis of Weéry's (1968) observations on P, b, berghei,

P. b, yoelii and P, v. chabaudi. With the Nigerian P, barghei

this was 4-o0 days after inoculation, when the first mature

gametocytes were abundant, With the Nigerian P, vinckel, the

begt time was less easily s3ssr since similar numbers of oocysts
wore found on the mideuavs of mosquitoss fed early in the

infection or, as Wéry suggests for the related P, v, chabaudi,

fed after the crisis in parasitaemia,

As gametocytes of murine malaria paragites
rapidly lose their vitality when strains are maintéined by sven
a comparatively short series of passages by bransfer of blood
(Wéry, 1968), care wag taken to engure that blood-passages
of the Nigerian strains were as few as possible, When
transmissions were not being dons with mosquitoss, strains were
stored at -VOOC or - 193°C with glycerol as a protective agent

at a final concentration of 7.5 per cent, (MolirAri, 1961),
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(iv) Examination of sporogonic stages

Mldguts and sallvary glands of mosqultosgs wers
digssected out by the well-known methods describad by Shute and
Marya:.. (1966) and Garnham (1966),

The growth of oOcysts was observed on freshly
dissected midguts in normal saline gently f{lattensd undsr =a
cover-glip, Phasg-contragt illumination was helpful in
deciding whether or not oocysts were dead; with this illumin-
ation unhealthy oocysts were ysllowish in colour, Heapuremiants
were made with an ocular scale calibrated against a stagae
micpromster., Drawings of pigment patterns were made with the
aild of a "Wild" drawing-tube and X2.F tube magnifier fitted to
a "Wila" 20 microscops.

As with infections of other murine paresites In
laboratory-bred mosquitoss, sporozoites were often few in
salivary glands, and no glands were recorded as negative without
squashing them undsr a cover-slip. Examlnations of sallvary
glands werec made with phass-contrast optics (X20 and X40
objectives ), since in earlisr work it was found that sporozoltesg
in very lightly infected glands were somstimes not noticed under
bright-field illumination. When both midguts snd glands were
examined towards the end of sporogony, the greater efficlency
of phass-contrast illumination required special care to ensure

thet sporozoites from mature oocysts were not sarrled over to
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salivary glends on soiled needlss,

Sporozoites were approximately measured in fresh
proparations with a calibrated ocular scele, As this stage
of the parasite is slightly curved, such mesasurements are not
accurate, and moroe precise measurements were made by drawing
midlines of sporozoltes at a magnification of X3,8.0 with
the saune microscopse and squipment used to draw oocysts,.

The length of the sporozZoites was then obtained using a pair
of divliders calibrated to %P against a scale drawn fro@‘a
stege micrometer,/ (Bruce gt al., 1909) When drawing
midlines, no selection other than the rejection of obviously
damaged or obscured parasites was made, and the serises was of

consecutively encountered sporozoltes.

(v} Harvesting and inoculating sporozoitaes

To obtain tilssue schizonts of the paragites
studied, sporozoites were harvested from the salivary glands
of experimentally infected mosguitoes. Ths mosquitoes wsere
stunned in a test-tube, their legs and wings were removed
and the glands were diasscted into cold tissue culture
medium 199 (Morgan et al., 1950) on a perspsx slide. Batchss
of five pairs of glands were picked up with a Pasteur
plpette and collected in a tube kept cool wlth crushed ice.

An sven suspesnsion of sporozoites was then preparedby gently



broak:.:nz the glands in a "Teflon" tube homogeniger, size 826:?
(Camlab (Glass) Ltd., s#iilton Road, Caubridge),.

In sarlisr work, before the "Teflon" grinder
was ussd, lobes of glands with sporozoites oozing from them
warce often encountersd in the counting chamber, and accurate
counts were lmpossible, Its use led to the adoption of
ths counting technique es a proutine,

An iamproved Neubauser counting chamber was
loeded with the suspension and allowed to stand in a damp
chamber for 10 minutes, The sporozoitss sank slowly, eand
ualaess time wes allowed for them all to sink, the count
through the depth of 0.1 mm was difficult and inaccurate,
Sporozoltes lying in the four outer blocks of 18 squares were
counted at a magnification of X300 (X2J objsctive, X15 oculars}).
The Wild microscope used was fitted with a phase-contrast
coOndenser with a working length sufficilently great for good
phags-contrast illumination to be obtained on the uppar
supface of the thick counting chamber, The volwne of the
suspension was measurad, and the numbsr of sporozoitss in
0.1 ml was calculatsd.

The total time from the bsginning of a
dissection until the inoculation of sporozoitss was almost
always less than 1 hour; throughout this time suspensions
of glands or sporozoites were kept coocl with crushed ice
(+4°¢C).

Sporozoites were inoculated intravenously into



the caudal veins of white rats and mice with a 1 or 2 nl
disposable syringe fitted with a No, 21 hypodermlc nesdle; 68
the wins werg first dilated in warm water, Since tha caudal
veins of Themnomys and Praomys are obscured by pigmentsd skin,
sporozoites werc usually ;iven intrapsrltoneally to thess
animals.,

In the infectivity experimsnt with the

P, berghei ssp., diluted suspensions of sporozoites were

prepared with pipettus in Kahn tubes kept cool by standing
them in iced water, Inoculations wers done beginning with
the most dilute suspension using a standard volume of O.Llml

throwshout the series.

(vi) Timing of exosrythrocytic schizogony

Blood was taken under deceap etherlanaesthesia
from the hearts of white mice at timed intervels from single
intravenous inoculations of sporozoites. The blood was
inoculated intraperitonsally into other mice, blood films from

the tails of which were examined daily for ton .ddys..

(vii) Hasematological histological techniquas

Thin blood films wers stained in Giemsa's
stain at pH 7.1 - 7.2 by the method given in detail in the
techniquses used in the field work.

Pleces of liver were fixed in Carnoy's fluid



(absolute othanol 60 parts; chioroform 30 perts; glaciel {3
acetlec acid 10 parts), dehydrated in a graded sthanol serigs,
clearsd in clove-o0il and lubedded 1ln paraffin wax (.i,P. 56°C) .
Sections were cut at 4p, and were stained by Wolbach's (1911)

Giemsa-colophonium method (Bray and Garnham, 1962).
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The Life Cycle of the Nigerian P, vinckasl

411l infected Thamnomys rutilans trappod at Ilobi had

patent infoctions of P. vinckel which ware easily seen in thick

blood filws (plate 9), ffour of the six naturally infoected
rodents had perasitesmias sufficiently high for parasites to
be found easily in thin . blood films (e.g. plate 12),

Two isolations were msds in white mics from Thonmnomys
NA8, and the mico were flown to nondon on separate occasions.
One of these lines (N} caused the dcath mice within a few days
after inoculatior; often before parasiteemias were detoctabla,
It was agsumed that the line was contamirated with a virus
lethal to mice, and it was thersiors abandoned, The second
line (S) -vas more sasily handled, and the sporogony was

obtaihad in A. stephensi; sporozoites were, howaver, not

infective to laboratory mlcea. The history of line S of strein
N48 1s shown in Fig.3.

L second strain was isolatsd from Thamnomys N54,
which was taken to London and used as & source of material on
several occaslons. The first line, establishsd in white mice
by inoculating them with heart blood froam ths Thamnoiyg on
hugust 22nd, 1967, was mixed with P. baprghei, Lines doerived
from caudal blood on Janﬁary 12th, 1968, and February 21lst,

1968 (whan the animal was sacrificed)}, wero only of P, vinckol

and the rodsnt had apparsntly lost the infection of P, berghal
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Higtory of N48 strain (line S) of

Nigerian P._vinckei

Thammomys rutilans N48

Mouse 48S/2

(sent to London)

, ~70 deep freeze
4.8¥ephensi 488/4

\t/4
Mice 249K

Mice 48s/6 *

WV
A, stephensi 253K

!

Mice 257K *

* no infection

Mica 488/ 5

~-70 deep fresze



)
by spontangous cura, The history of strain N54 of the 7(ﬂ

Nigerlan P, vinckei, oxcluding the line mixod with P, bsrghei,

is shown in Fig. 4. Sporogony wes obtainod in thrse specises
of anophelines, but, as wilth strain N48, the gporozoites ware
never infective,

4 third strain of Nigerian P. vinekel (designated
1/69) hes recenily besn isolated from an infected Thamnomys
rutilans collscted at Ilobi by Mr. A.03, Lambo, and flown to
uondon, Blood from mics infscted from the wild rodent is
stored at -179°C, and new attempts will be made to obtein
infective gporozoites of this strain in laboratory mosgultoes,.
Until this 1s done, and prilaary sxoerythrocytic schizonts ars
sgsn, 1t 1s not possible to assign the Nigerian parasite to

8 subspsscies,.

The sporogony of tho Nigerian P, vinglkel.

Attempts to transmit the N54 strain of Nigerian

P, vinckei are summarised in the scheme of experiments shown

in Flg, 4. &Llthough cocysts grew on the stomachs of

A, stephensi, L. quadrimaculatus and 4. labranchiass atroparvus,

and sporozoites reached the salivary glands of all three

mogquitoes, mice or laboratory-bred Thamnomys inoculated with

suspensioﬁs of crushsd infaected glands never becams infected.
The temperaturae at which the mosquitoes were

incubated was ncarly elways 24-26°C, This was chossn bgcause



FIGURE 4

Schemg of attempts to transmit

the Nigerian P. vinckeil cyclically

through mosgquitoss,



Scheme of attempts to transmit the Nigerian P.vinckei (strain N54)

cyclically through mosquitoes

Thamnomys rutilans N54

Mice\bl 89K Prcomzs 207K

Al .otroparvus
A.steEhensi Proomzs 188K

192K ) ‘
e

Praomzs 194K

Mice 208K A.gambige B
202K

A.steEhensi

203K
A ,quadrimaculatus
(A,stephensi)-
212K
v [ Mice 216K, 217K] . !
Mice 215K Mice 193K
Mice 221K
A.stephensi
199K;200K
A.stephensi
218K ‘
4 [Thomnomyg 211K
Mice 219K
v
A.l.atroporvus
L 199K; 200K
Mice 223K

Mouse 209K
v
[: = no infection ‘ » Thomnomzs 210K
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(1) it is the best tomperature for the successful sporogony
of the murinu parasites of the Central African Republic
(Wéry, 1968), where the conditions are similar to those of thae
Nigerian locality, and (;i)vit was anlidaal tamperature forp
the production of 1nféCti§e sporozoites of the ligerian strain

of P. berghei isolated from the same place as tha strains of

P. vinckei studied in the present work, Ths unusually low

temperature (19-21°C) required for the successful sporogony

of most, if not all, strains of P, b, berghel from Katanga

(Venderberg and Yoeli, 1965) was thought most unlikely to be
the Opti%ém for parasites from the much warmer cli.ate of
Nigerea.

L description is given below of the sporogony

of the Nigerian P, vinckei in L, stephensi, hLccounts of the

experiments using other mosquitoes are then given, 1In these

experimsnts, A, stephensi were added to ths cages of
mosquitoes and permitted to feed upon the same gametocyte

carriler to check the viability of the gametocytes.

Nigerian P, vinckei in A, stephensi

The sporogony was studied in more than a dozan

batches of 4. stephensi in which ths oocyst rato ranged from

66~90°7, _ There were no detuctable differences in ths
sporogony of strains N48 and Nb54,. At 24-2600, sporczoites

were first seen in the salivary glands of thcs mosguitoes 12



days after the infective feed, 8
The youigest oocysts ware sean in fresh
proparations of midguts on day 3. Thelr sheps, which was
always markedly ovel, suggested they weroc soft, and were being
squashed by the cells of the midgut. Lataer, presumably after
the basement membrane of the midgut had ruptured (Jernham
et.al,, 1969a), the oocysts essumed o spherical shaps, Lt
3 days, the abundant pigment was a striking feature; 1t lay
in loose masses and short lines which wers sometimvs arranged
as a fan (plate 10, fig. (ij). The msan diemeter of 10
3=day oocysts, calculated by tak.ng the average of the longest
and shortest diameters of the oval shapes, was 9.5)1 (10.8 ~
8.2 P"

By day 5, the diameter of the oocecysts had
increaséd to 16 P (11-19 P 20 oocysts). Their shaps was
now spherical, and the plgment was still.visible. Growth
continued evenly, with the oocysts measuring 27 P'(20'33 yj
20 cocysts ) on day 7, and 32 p.(24~45 P 20 oocysts) on day 8,
By this tlme, there was still no differentiation of the
contents of the oocysts, and even in soms of the largest
oocysts plgment was often visible lying, not in lines as in
younger forms, but in one or more loose masses,

On day 9, the first sign of sporozoite formation
became apparent, with many of thé larger oocysts showing thae

growth of finger-like prucessesj at this point, the growth
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Sporogzonie stanes of the Nijerian P, vianckel

(454 ) in L. stephunsi incubated at 24°C

(X1,500).

Fig., (i) Drawings of livin: oocysts
showing patterns of plsment;

aay Z.

Piz, (1i) Fhotomlcrographs of stained
sporvzoltas from salivary

Glands,
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of a.numben of coeysts stopped, end thareafter apparently 72}
dead oocysts measuring about 3Q P in dismeter were seen on all
midguts, Under phase-contrast illumination, these ococysts had
a yellowish colour, and if the pigment was vlsible, it was seen
in small clumps scattered throughout the parasite with no
recognisable pattern, The mean diameter of six oocysts within

which sporozoites were beginning to form on dey 9 was 47,5 B

(40-53 P)' Unlike the oocysts of P. b, berghei end

P, b, yoelii, the wheel~like masses of forming sporozoltes

described by Yoeli (1965) and Wéry (1968) wsre not seen,
The fipst fully mature oocysts ware found on

day 11, but maturity was more usually delayed until s day later,
As with oocysts of other specles of Plasmodium, the sporozoltes
lay in rendomdy placed bundles, The size of the mature
oocysts varled widsely. The mesan diameter of four maturs
forms on day 12 was 54 p (43-60 p), but the smallest mature
form ever seen was only 4O'F.in diemster, and the lergest, 70 P;
these unusuvual sizes were, however, only occasionally encountsrsd
and are considered outside the normel renge of 50~60}1.

| Although sporozolites were first found in the
salivary glands of mosquitoes on day 12, in the majority of
mosquitoes invasion of the glands took place on day 13, In
ganeral, the day of invasion seemed to be related to the numbers
of oocysts on the midguts, with, surprisingly, the shorter t ine

agssocliated with only few oocysts.
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The sporozoite rate in any given batch of €3U

L. Sstephongi was alw ays sianilar to the oocyst rate; this

sugpests that as long as ouscysts established themscelves on the
midgut, s;orozoltaes wure certain to be produced and to invade
the glands, But sven when hundreds of oocysts were present,
really heavily infected glands with tangled masses of
gporozoltes pouring from them as soon as & cover-slip was
applied - such as are sven, for sxample, iIn infections of

P, vlvax in 4, 1, atroparvus -~ wers never obtainod. In most

Ingtances it was necassary to orush thoe glands before 1t was
possible to see sporozoites. The harvest of sporozoltes

wag therefors low with, in a typical infection, a mean of only
300 gporozoites collacted from tho glands of cach infected
mosquito,

In stained smoars of crushed salivary glands
the sporozoites appeared as long slender bodies with a single
nucleus usually lying a little away from the esntro of the
parasite (plate 1D, fig. (ii)). One end of the sporozoites
stained a more strongly than the other, and if 1t 1s assumed
thet this is the anterior ond with its typlcal organellss,
the nuclei usually lis posterior to the centre. The mean
length of 50 sporozolites was 14.7 B (s.BE. 0.5 P) with a range
of 10,0-24.0 P

Exporiments in which gporoezodtds were

inoculated into rodents in unsuccaessful attempts to demonstrate
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the exverythrocytic schizonts, or to transmit the parasits

cyeclically, are dascribed below.

Nigerian P. vinckei in 4, gambiase (B}

One experiuament with & small number of mosquitoss
was peorformsd to tast the sultability ol L. gasbiae spucles B

a8 & host of the Nigerian P. vincksi. A control batech of

h, stophansi was permitted to take a blood wmeal from the same

host at the sens tima,

The gametocyte-carrier inthis sxperiment was a
laboratory-bred Praomys (No. 194K/2), The mosquitues fed on
the 12th day after inoculationj unfed mogquitoss were removed
and the cage placed in an insectary at 24-2693,

On day 10 there were no oocysts on ths midguts

of 5 L, ganbiae, but 2, 15, 49 and 166 were counted on the

stomachs of 4 out of 5 A, stephensi, The oxpariment was not

repeated, but the result suggests that &£, gambise species B

is an uisultable laboratory host of the Jigeriesn P. vinckei,

This 1is supported by the work of Lambo (1967, psrsonal

communication) who found oocysts on the midguts of only 4 out

of 120 4. gambias r'sd on mice infected with a newly isolated

strein of Nigerian P. vincksi,

Nigerian P. vinckei in 4. quadrimaculatus.

L coge (No, 212K} of A. guadrimaculatus iniXed
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with 4, stephensi was psrmitted to feed upon mouss 208K/1 -

8 days aftor thu mouse had been given an intraperitoneal

inoculation of blood from a Themnouys rutilens with a natural

infection. Unfed mosquitoss were later removed, and the cege
was placad at 24°C.
From guts dissected on days 5, 13 and 15,

the ovcyst rate in the A. quadrimsculatus (66°/ ) was found

to bs slightly lower than that of the 4. stephensi (83°/o).

No differences were noted in the numbers or sizes of the
oocysts in the two species of mosquito, but Ross' black spores

were found on the midguts of the A, quadrimaculastus on day 15

e phenomsnon never obsserved in any batches of L. stephansi,

Sporozoites werae first found in the glands

of one out of two A. guadrimaculatus dissectsd on day 13;

in the glands of four 4. stephensi with infected midguts, no

sporozoites were sesn on that day (development was slightly

slowar cowmpared with the growth of the perasite in L. stephensi

reported above because the taiiperature was 24°C and not
4-269C).
On day 15, the sporozoitss were harvested

from the 35 surviving A. quadrimaculatus of which, from the

oocyst rate, 23 were assumed to be Infected, The total
nomber of sporozoites collested was only 11,700, 1.s, 500 per

infected mosquito. Since none of the sontrol i, stophonsi

was living on day 15, no co.wparison of the numbers of
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sporozuitos was possible, but the number per infectsd

L. quadrimaculatus 1s similar to that found in 4, stophensi

in other experiments,
Two mlce gach 1lnoculatsd inbtravenously

wlth 5,850 gsporozolites from ths . quadrimaculatus did not

become infectod,
Althouzh only one attempt was made to
produce infective sporozoites in this speciss of mosquito, it

is concluded &. guadrimaculatus is an unsuitable host. Rogs?

black spores suggest a hostile environmunt, and the saall
number of sporozoites reaching the glands supp.rts this view.
In addition the sporozoites wers not infective to mice,

Possibly they may have infected a Thamnomys rutilans, the

natural vertebrate host, but since P. vinckei from other parts

of Africa grows well in the livers of mice (Lendau and
Killick-Kendrick, 1966bj; Bafort, 1968; Landau et el., in
prass) the most likely explanation is that sporozoites from

L. quadrimaculatus suffor so severely from an unsuitable

habltet that they lose the =ability to establish themselves

in a vertebrate host.

Nigerian P, vinckel in 4. 1. atroparvus,

Two experiments, sach wilth control batches

of 4, stephensi, wers perforasd with 4, 1, satroparvus, Mixed

mosquitoss wore paerm.tted to take blood meals from mice (193K)



on tho 8th day after tho inoculation of infoctsed bl.od -
(batch 199K), and on the 9th day (2U0K), Unfod mosquitoos
wera raaoved, end the cages pubt at 24-26°C,

In batch 199K, tho oocyst rate in the

i, 1, atropapvus was 2859/5, zompared with 63°/, in tha control

L, 8tephensi. The numbors of oocysts on tho midguts of the

A, 1. atroparvus were nover more than 20, whereas from 23 to

300 were counted on the guts of the L. stephensi. In batch

200K the oocyst rate was again lower in the A. 1. atroparvus

(50°/5) than in the A. stephensi (88°/5), In the formsr

mosquito the largest number of ococysts counted on any midgub
was only 32, bubt in thse latter the maximun number was mors than
200,

Small numbers of sporozoltes invaded the
glands of the two species in both batches, and on day 15 (199K)
and day 14 (2005 - fed a day after batch 199K} sporozoitaes

were harvested from both groups of 4. 1. atroparvus and pooled,

Similarly, sporozoites were collscted from the salivary glands
of equal numbers of A, stephsnsi from each cage. “Doseg of

10,5v9 and 14,000 sporozoites from the 4, 1, atroparvus were

inoculated intraperitoneally into two Thamnomys surdastsr,

and a third dose of 7,000 sporozoites weg given intrzvenously
to a white mouss, 4 single dose of 6,500 sporozoltes from

the control i, stephensi was inoculated intravenously into a

gsecond white mouss, None of the rodsents becams infected,

From these sxperiments it is concluded that
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A. 1, atroparvus 1s an oven less sultable host than

L. stephonsi. Althouwsh gporozoites invaded the glands of

the 4, 1., atroparvus, the Llower oocyst rate and smaller nunber

of oocysts on the guts of this mosqulto, in comparison with
the control batches of L. stephensi, suggest thet the
ookinete finds greater difficulty in ponetrating the gut wall

of L., 1, atroparvus and establishing itself as an oocyst than

it doss in &. stephensi,




The Tilssue Schizorjony of the Nigerian P, vinckel

The tissue stazes of the Nigerian P. viackel have

not been demongtrated, Attempts were madse to transmlt
the parasite cyclically throuzh laboratory-bred mosqultoes
to discover the neturation time of the schizonts in the
livers of laboratory rodants, Eleven rodsnts wers given
sporozoites of strains N48 and N54 from 3 species of
anophelines (figs. 3 & 4). One laboratory bred Thamnomys

surdaster and 4 mice receilved sporozoites from [, stephensi;

2 Thamnomys and 1 mouse received sporozoltes Irom

LA, 1, atroparvus; and 3 mice received sporozoltes from

i, gquadrimaculatus, No infections arcse in the blood of

any of thase rodents.

In studles on the tissue schlzogony of P, Vv,
chabaudi, Landau and Killick-Kendrick }1966a, b) found
that althouzh schizonts grew well in the livers of laboratory
rats, no infection became esteblished in the blood of this

abnormal host. Similarly Wéry, Killick-Xendrick and Bray

(1968), showed that exoerythrocytic schizonts of », b, yoelii

srew in the livers of the gulnea-piz and the rabbit, butb
ths peresite failed to infect the bloovd of sither animal,
In the attempbts to infect rodents with sporozoites of the

Nigerlan P, vinckei the livers were not examined, and 1t

would appear possible that tlssue stages could have arisen
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but, as in the examples given above, that no infections
bescame establishod in the blyod, This 1s, however,
unlikely, since transfer of infected blood from onc mouse
to another always sives rise to infections, whersas rats

are normally insuscepbible to blood forms of P, v, chabaudi,

as are sulnea-plsis and rabbits to P, b, yoelii,

In fubure attempts to obtain infective
sporozoites of the Nigerian P, vincksei in ordsr to obtain
tissue forms in laboratory rodents, two fresh eapproachaes
are su:sested by recent studies of the lifs-cycls of the

new subspecies of P, vinckei from Brazzaville (Landav et al.

in press). Firstly, it was found that strains differ in

the ease with which sporogony may be obteined in L, stephensi

and further work should be carried out with a serles of new
straing of the Nigerian parasite, Secondly, sporogony or
the subspscies from Brazzaville was most sasily obtained
when the gametocytes wers provided by an experimentally

infected Hybomys unilvittatus which had been splensctomised,

In earlier studiss on P, v. vinckei, Bafort (1968) had

found thet splenectomy of mice ussd es gametocyte-carriers
greatly asslsted in obtaining a successful sporogonic cycle
with the prcduction of infective sporozoites. In the

unsuccessful work with the Nigerian P, vinckel mice and

multimammate fats provided gametocytes; 1in future work
other laboratory-bred rodents should bs used, and the effsct

of splensctomy investigatad.
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NATURALLY INFECTED TEHAMNOMYS (Plates 11 and 12}

On capbturc, Thamnomys rubtilans N48 was found to

have a patent paragsitaemia of P, vinckel with 1-3 infected

colls in sach fioeld of a thin blood film (X100 obj.). All
stagaes were present, making it possible to describe the

morphology of P, vinckel in a naturally infected host for the

first tims, Patent parasitaeumias of P, v, chabaudi and the

Brazzaville P. vinckei have been reported previously, but ths

infections wsere lighter than that seen in the Nigerian
Thaumnomys, and the reports wers unaccompanied by descriptions
(Landau and Chabeoud, 1965; Adam gt gl{, 1966)

No speciel affinity for immoture red cells waes
seen, and infected erythrocytes were ndbther spigpled nor, with
few exceptions, enlarged,

The nucleus of the smallest rings, with a
diameter of l.SP)was roun§/ and Stained deeply (plate 11,
fig.i; plete 12, fig.vi). The nuclei of the ring forms wsre
comnonly divided into two equal masses (plate 11, fig,iij
plate 12, fig.i1) or, more rarely, into thrse with one ness
noticeably smaller than the other two, The cytoplesmw wes a
pale blus wisp of mmberial lying close to the nuclaus.

Double infections were occasionally seen, and & few cells were

’
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Nigorian P, vinckei in the blood of a

naturally infected Thammomys rutilans (N48)

(from & painting by Prof. JsV, Scorza)

Top row, figs. (i), (ii), (iii)
Youny rinz; ring with double nucleus;
3 youny trophozoltes in an enlarged csll,

Second row, figs. (iv), (v}, (vi)

Cumpact trophozoite; late asexual
trophozoite or young macrogamstocytsj,
binucleate schizont,

Third row, figs. (vil), (viii), (ix)
Devgloping schizonts,

Bottomn row, figs. (x), (xi), (xii)

liature schizont free from host cell;

female gametocyte; male gausetocyte.



PLATE 11

Nigeriaen P. vinckei in the blood of a

naturally infected Thamnomys rutilans (i4€ ).

30
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found with three paresites(plate 12, fig.3}, Erythrocytes
with multiple infections were usually larger than normnl which,
on first sight, suggested that the rodent was also infscted

with P. berghei, Subinoculations of blood, howsver, revealad

only P, vinckel, and it svems probable either that the :ells

with several parasibtes were lmmature erythrocytes, which ars
laprgoer than normocytes, or that cthey were snlarged by the
polyparasitism,

As the perasite grew, a vacuole appeared, and the
perasite then sdopted the typical sizgnet-ring shaps of the
melaria parasite., The nucleus of the young trophozoite often
lay within tha vacuole which sometimes persisted antil the
parasite reached 3.51 in dlameter, 1,e. half tho diamsGer
of the cuell. A%t This point of growth, very fine pigment,
often lying et the periphsry, first becams visible,

Paresites were never markedly amosboid, and furtier growth
was accompanisd by a progressive reduction in the size of the
vacuole until it disappeered compistely, leaving the late
trophozoits as & round compact body (plate 11, fig.iv;

plate 12, fig.iv}, The twin nuclear masses, sgen in some
rings, pesrsisted in the trophozoite simulating an early
schizont. The nucleus of the growing form, which often lay
in a vacoule (plate 12, fig.iv), was oval, bar - or bean -

shaped, but seldom round. Occasionally, a trophozoite lay



In a band across ths cell, raminiscent oi P, larias and 92

e et - e

P. v. chabaudi.

Tropnozoites were by far the most numerous
forms present, whersas schilzonts wers very few in n wber.

This suzgssts gither thet the infection was exhibiting a poriod.
icity, or that schizogony in the blvod of the natural host
takes place in the dcep vosssls of the organs,

Nuclear division of the schizonts did not
begin until the diameter of the parasite equalled at least
half thet of the host cells (plate 11, fig.,vi). As a result,
late trophozoites were indistinguishable from immeturs
gametocytus (plate 11, fig.v).

In later work, when four-~-hourly slides wure

prepared from expsrimentally infected Prasouys natalensis,

tropnozoites resjembling immature gametocytes wers sean to
dsvel_p into schizonts, and it is therefors assumsd thet most
of the large parasites with single nuclei seen in ths blood
of the naturally infected Thamnomys were asexual stagas.

The smellest schizont seen had two nuclei,
and was a round compact body with a few cytoplasmic extrusionsj
it occuplied a little more than half the host-cell (plate 11,
fig.vi}y. As the parasites grew, the nuclei continued bto
divide until a maximum of 12 bt /8 produced (plete 11, figs,

 vii-ix; plate 12, figs.v-x)}. The only mature schizont seen



was fres from its host-cell, and was composed of aight 92}
irregularly shaped merozoitss sach measuring approximately %p
across (piata 11, fig.x; plate 12, fig.x) Pigment in
sehizonts bocams progressively mors abundant as the perasites
grew, and was most froquently seen lylng et the periphery
(plate 11, rig.viii), It clumpud into a single yellow mass
bafore the merozoites were fully forasd.

Growth of the parasites wes accompanied by
damage to the host cell which, by the tiume six nuclei had
formed, was seen as & iisshapen and palely staining ria around
the perasite (plate 11, fig.ix; plate 12, figs.v,vi and ix).

This damwge was similar to that ssen in infections of

P, fragile in monkeys (Dissanaike ¢t al,, 1965)

The nucleil of the developliyz schizonts wers
round or irregular or bar - shaped, and often had a strongly
staining portion resembling an eccentrica.ly placed nucleolus
(plate 11, figg,vii and iz}. The cytoplasm stained a blus
colour, and usually contained one or two small indistinct
vacuoles (plate 11, fig.viii; plate 12, figs,.v and vi}.

Fully grown femals gametocytes were
spherical, and measursd V-QP in diameter. Ths host cell was
not visible, and it is agsumed either that they completely
f£illed the cell or, possibly, that they were extraceliular.
The nucleus, which was small and situated psripherally, stained

a deep purplish red. The cytoplasm was the blus colour



typical of mecrogametocytes of Plasmodium, and contained a

varlable number of grains of fine yellow pigment (plate 11,
fig.xi; plate 12, fig.xi).

Only two male gametocytes ware found, They
were the same slze as the mecrogametocytes, but were palely
staining pink bodiss with a single nucleus about twice the
size .f that of the female forms, The nuclsus was pole pink
in colour, and was again siltuated peripherally. Up to twenty
graing of fine yellow pigment were scattered through the
cytoplasm (plate 11, fig.xii; plate 12, fig.xii),

The outstanding features of the Nigerian

-

¥, vinckel in the blood of its naturally infected vertsbrate

host may be summerised as follows: -
(i) thers is no special predilection for lmmature
erythrocytes,

(i1) multiple infections of red cells are not uncommon,

(1ii) infected cells are nether stippled nor normally
enlarged; they do, however, appsear much damagad
by the tius ths parasite has become a young
schizont,

(iv) ring forms comnonly have double nuclear masses
usuvally of equal size,

(v} trophozoltes are compact bodies which grow

to & comparatively large size before the nucleus



divides and they beco.w schizonts,
(vi)schizonts produce 8-12 merozoites,
(vii) nuclel of gametocytes ara situated peripherally
and,
(viii)plgment is a striking yellow colour, and
forms a clump before schizonts are fully

tature,
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PLATE 12

Nigerian P. vinckel in the blood of a naturally

infected Thomnomys rutilans {N.48) (x1,500)

(1) Ring forms, vne with a double nucleus,
(11) Two brophozoites in ons cell,

(111} Three trophozoites in an enlarged cell,
(iv) Compact trophozoite.

(v) Young schizont with 3 nuclei.

(vi) / Ring form and schizont with 6 nuclaij

note damaged csll,
(vil) Two late schizonts.
(viii) Schizont with 12 nuclsi; pigment
in one mass,
(ix) Schizont with 12 nucleil; pigment
in one mass,
(x) Mature schizont free from caelly
8 merozoites and ons wass of pilgment
(sse also fig, (x), plate 11)
(x1) Female gamstocyte

(xii) Male gemetocyte.






NIGERIAN P, VINCKEL IN THE BLJOD OF WHITE 94
WICE (Plate 13)

lopphologlcally, the Nigerisn P, vindkei m

the blood of white mice differed little from that seen in the
blood of the naturally infected Themnomys.

Parasitaemias 1in mice with blood-inducad
infections usually beczams high by the 10th deay, A4lthough most
mice lnoculated with blood from Thamnomys survived the
infection - with a spontaneous cure bstween day 15 and day 25 -
after only'three consecutive blood-passages the virulence of
the strain was gnhanceéd,and mice then seldom lived longer than
two waeks, Gametocytes were most numsrous as the parasitasmisg
dsclined towards a spontansous cure, as Wéry (1968) noted in

infections of P, v, chabaudi, and from the point of view of

obtaining infections in mosquitoes, it was important to avolad
raigsing the virulence of ths strain by blood-passages,

There were no differsnces in the morphology
of the three streins examined (N48, Ns2, L/69). Infected
erythrocytes were neither gnlarged nor stippled, The reddened
host-cell reported with recently isolated strains of

P. v. chebaudl and P. vinckei ssp, from Brazzaville (Lendau,

1965; Adam et al,, 1966} was never sesen, although this my be
because of differences in webhods of staining; saccording to

Mime Landau (1969, pers. comu, ) the reddening is demonstrable

only when the water used to dilutse the Gismsa's stain contains



lithium carbonate. ggg
The Nigerian P. vinckei, like the relatod

P, v. vinckei, P, v, chabaudl and P, vinckei from Brazzaville,

exhibited no predilection for imnature erythrocytes, Multiple
infections of red-cells were sceen, and wers espocially common
when parasitaemias were high (fig.iii).

Merozoites from mature schizonts ruptured
in the preparation of blood films were compact bodies of
irregular shape compossed of a deeply staining nucleus and small
rim of cytoplasm (fig.i); they measured a little less than lp
across. The youngest intra-spythrocytic forms resfambled
the freo merozoites, but the parasites soon formed the ring

stage, with a central vacuwoles, typical of the gonus Plasmodium

(fig.11). As in the Thamnomys, rings with two equal nuclser
masses were commonly found (fig,iv). Younz trophozoites
retainsgd the shape of a ring with the nucleus becoming markedly
elongate (fig.v), bubt as growth continued the central vacuolse
disappeared, and the parasite then bscame & compact round form
(fig.vi). Pigment in fine yellow grains, usually at the
psriphery of the perasite, becams easily visible in the late
trophozoite.

Schizonts were small solid-~looking bodises,
often causing great distortion of the host-erythrocyte (fi:s.vii).
When meture, they produced 10 or 12 merozoites (figs. 1x, x and

xi) or, more rarely, as few as 8 or as many as 14 or 16, The
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PLATE 13

Nigerian P, vinckoi (strain N54) in the

blood of s¢xporimentally infected whits mlcs

(1)
(11)
(1ii)
(1v)

(v)
(vi)

(vii)

(viii)
(ix)

() and

(x1)
(xii)

(21,5009

& froso merozoites and a mass of pignent,
Ring form,

Two trophozoitses in one cell,

Two trophozoites with doubls nuclear
masses,

Two trophozoites with bar-shaped nuclei,
Trophozoite,

Schizont with 4 nuclel in damaged
erythrocyta.

Schizont with 6 nuclel,

Mature schizont with 12 nuclel and
clumpsd pigment,

Maturs schizonts with 12 nuclsei.,

iielo () and female (F) gaumetocytes.

109
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highest number was perhaps due to two 8~nucleats schizonts in a
single cell, and the normal rangse was therefore 8-1l4, with 12
by far ths commonest number, Just befors the schilzonts
maturaed, the plgment clumped into on¢ yellow mess,

Gametocytes were most abundant.in mice
which survived the initlal parasitesmia, and whicﬁ.wera
recovering from the infection, They were pound bodies 6-7 u
in diameter completing filling the host-cell, & small rim of
which was occasionally vigible as a tattered frings. Tho
usual sexual dimorphism was sesan,. The nuclei of both male and
femsls gametocytes were always situated peripheralily; that of
the female (fig.xi) was smell and stained a derk red colour,
whefeas that of the mle (filg.xil) was more diffuse and stained
pink, The cytoplasm of the macrogametocyte stainsd a bright
blue colour, and contained specks of yellow pigment. That of
the male stainec a pink colour, but the more abundant plgment
tinted thse cytoplasm and mads it appear the colour of a bilsculst,

Surprisingly, thers were no differences
noted in the morphology of the Nigorian P, vincksi in the
naturally infected Thamnomys and in experimentally infected
white mice excepb, perhaps, a tendency for schizonts in mice
to préduce a few more merozoltes, However, very few schizonts
were sean in the Thamnomys, and the small number of schizonts
in mice producing 14 merozoites, as opposed to 10-12 in

Thamomys, 1is not considered to represent an lmportant differsnce
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The simllerity ln morphology was no doubt due to some degroe
to the fact that thae stralns in mice wera examined shortly

after lsolation from Thamnomys; prolonged blood-passage 1in

laboratory rodents may well result in changes,
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3lood stages of SBruce-~Chwatt and Gibsont's

Plasmodiwa of Preomys (plates 14 end 185

The P. vinckei - like parasits of Nigorian

Thamnomys was closely compared with the Plasmodiuwm from

Praomys tullbergl discovered in theo same locality in 1954,

Descriptions of tho latter parasite were given by Bruce-Chwatt
and Gibson (1955) end Garnham (1968 ), Fortunately, one blood
film from a mouse which had bocome infected aftor en
inoculation of blood pooled from several Preomys had baan
praserved in the collaection oi Prof, ¢,5,.0. Garnham, who very
kindly lent the slide for a cowparison to bs mads.

In the smear, the only one now in existence,
the infection was heavy, with ring forms predominating.
Plate 14 is a photograph of a typlcal field in which rings

are seen closely to resemble those of P. vinckel from

Nigarian Thamnomys, No preferencs was shown for the darkly
staininzg immature erythrocytes, a few cells had double
infactions, eand soms rings hed twin nuclear messes of equal
size.,

Young trophozoites retained the vacuole of
the ring form (fig. (i), plats 15), but as they groew, they
bgcame round compact bodies with the nucleus sometimes stilli

in twin masses (fig.(ii), plate 15).



PLATE 14

Plasmodium from Praomys tullbergil

in thse blood of a white mouss (x1,50Q0)

(8ruce~Chwatt and Gibson, 1955)

(froia a slide kiadly loansed by Prof. P.J,

el

e

Garnham)
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Schizonts, which werse fow in the only smear
examiﬁed, ware small bodles lying in greatly distorted
erthrocytes (figs, (iii) - (vi), plete 15)., Their nucledl
variaed in number from 4 to 8, but no fully meture schizonts
were seen, In the original report, based on a serises of
smears, Bruce-Chwatt and Gibson described schizonts with €-10
nucleil, and Garnham (1966) saw £-12 merozoites in mature
schizonts, As with the strains from Thamnomys, pigment in
the schizonts was yellow in colour and usually lay in a single
clump.

Gametocytes were rare, and differed from
thoses of strains from Theamnomys by baing mors vecuolatad
(filgs. (viii) and (ix), plate 15}. This was paésibly due
to senility, elthough Garnham (1966} comsented that the
mecrogametocyte retained a wvacuole during much of its growth,
In the first description, pigment in gametocybtes was said to
be dark brown, whersas in the only smear sesn 1t was bstter
described as light brown or ysllow; thse colour of pigment,
howsvar, veries with the source of light used with a
mlcroscops, and this may explain the difference in the
observations, Bruce~Chwatt and Gibson noted thet gamstocytes
were most numsrous late in the infection,

The P, vinckeli -~ like parasite of the Nigerian -

Praomys ress.ables that of Thasmomys in the following weys:-
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(1) infected cells erc neither enlarged nor stippled,
but becoing much distorted,

(11) there is no prsdilection for immaturs erythrocytas,

(ii.) multiple infections are occasionally seen,

(iv) rings often have ths nucleus divided into two
equal maesses,

(v) trophozoltes grow o be round compact bodies with
per ipherally situated pigment,

(vi) schizonts produce 8-12 merozoites,

(vii}: gametocytas msosurs 6-9 r, and are most numerous
late in thae infection, and,

(viii) the pigment is yellow.

An addivional similarity is in the course of

infection in mice on primary isolation, The parasitaocmia
in the mouse infected from the Praomys fell after a week and
there was then a gpoataneous cure,. A similar course of

infection 1s often soen in mice infacted from Thamnomys.

One differsence 1s the vacuolation of the
macrogemetocyte of the parasite from Praomys noted by
Garnham (1966). This may, however, be a reflection of ill-
health and, with the limited material available, its import-

ance 1s difficult to assess,
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PLATE 15

Plagsmodium from Praomys tullbergi in the
blsod of a white mouse (x1,500}

(from & slide in the collection of

Prof, P.C.C, Garnham; prepared by Bruce-

Chwatt and Gibson, 1955)

(1)
(i1)

(ii1)

(iv)

(v}

(vi})

(vii}

{(viii)
(ix)

Two young trophozoites with double nuclei,
Two trophozoites with double nuciei, and
ring forams.

Two schizonts, one with 4 nuclei, and
ths othsr with 8,

Schizont with 3 nuclai, trophozoites

and ring forms (one cell has a doubls
infacﬁion).

Fan-ghaped schizont with 7 nuclei.
Schizont with 7 nuclel in a damagod
erythrocyte.

Schizont with 8 nuclei,

Female Bamstocyte

Miale gamebocyte
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The Life-Cycle of the Nigerian P, berghei

Of the 6 infaected thicket-rats collected at
Ilobi in August, 1967, one (Thamnomys N.54), had a doubls

infection of P, vinckel and P. berghei,. Since Infective

sporozoites of the P. vinckei were unobtainable in L, stephunsi

the P, berghei becams separated in the Tfirst batch of

mosquitoes (54N4} fed upon mice (54N3) at the third blouod-
passage from the natural host (figurelg}.
This strain of P, berghei is the only one yoet

found in Wigerila; it was designated strain 167 (from the

year of i1solation), and the strain of P, vinckel from the semae
rat, No.N5¢, was ziven the number of the host, The histony

of strain N67 is shown in figure 4.

The sporogony of the Nigerian P, bsrghel

in A, stephensi aé 24°C .

From hugust, 1967 to November, 1968, 18 batchss

of A, stephensi were infected with the Nigerian P, berghei.

Sporozolte-induced infections were obtained in 26 groups of
white mice, 3 groups of white rats, & pair of Thamnomys
surdaster, and a hamster. The strain was remarkable for the

ease with which 4. stephensi became infected, and the constant

infectlivity of sporozoltes for laboratory rodsnts.

Sporogony in 4, stephansi fed on mice 3-5 days after the




inoculation of infectad blood was always successful, with 11»’
sporozoltes invading tho salivary glends on day 10 or L1 (at
24°C), and gvory rodent given 100 or more sp.rozoltes becane
infected,

On the 4th day after feeding on mice carrying
goametoeytos, vocysts were easily found on the midguts of

o, Staphonsi., The plgnment was clearly visible in tho ococysts

and tended to liy in one pert in short beaded linss, frequently
crossing vne another (fig.(1), plate 16), Tho mesan diemcbter
of 12 oocysts was 19 P (15-23 )1).

By day 5, pigmsnt was no longer visible in tho
largest oocysts, in which faint whdrls were now seen (fig, (1),
plate 15). The mean dlameter had increased to 25 p (17-32 fﬂ
(L0 vocysts). Growth then beceme slower, On day 6, the
mean dlsgeter of 25 ovcysts was again 25/p (16 -3 y), and
plgment was still visible in the smell occysts, and whorls
in the larga.

On day 7, & wide range of slzes was recorded,
perhaps because some smell oocysts had stopped growing, The
mean diameter of the first 20 oocysts seen was 29 P (21-39 P)
but e few much laprger oocysts msasuring 47-58 P were encount-
ered, Bven in these vopy lerge oocysts, there were still no
gigns of the formation of sporszoltes.

The first finger-llke processes of developlng

sporozoltes were seen on day 2, and on the following day a
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Sporosonic stasos of the diserian

L, berghol (N67) in .. stephensi

incubated at 24°C (X1,500)

PL3,(1j) Drawlngs of livin: oocysts
showiny; pil~mont patterns
and, in the lar;or oocysts,
whorls which appoar as the
pisment bocomes obscurud;
days 4 and b,

Fi:.(1i1) rhobomicrograph of stained
gporozoltes from sallveary

cleads,
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few oocysts wera mature., Haturing oocysts often had tho
appoarance of cristate cacti, with the cytoplasm forming
convolutions beering the freae ends of developing gporozoitas
at right angles 1n regular patterns, tature oocysts ware
remarkably consistent iIn sizs, and when meagsured on many
occasions on tho midguts of mosquitoes lncubsted at 2400,
their dianmewter was always approximately 69 B No very lamgse
oocysits such as ware occasionally ssea in infections of the

Nigerian P, vinckeil wore ssen,

Sporozolites entered the salivary glands of
mosquiltoes on day 19 or 11, In fresh preparetions of
crushed glands they woere slonder, curved immnotile bodies,
In o staloned smeer the .can length of 53 sporvzoites was
16,72 P (8.m. 0.22), with a ranze of lengths of 10.0~l9.5)1.
Sporozoites 1n stained preparations typically lay in curves
shaped like the letters ¢ or S (fig. (ii), plate 16),

The nucleus was usually in a single elongate mass gituated

approximately in the centre of ths body, One end of the

sporozoite tended tc staln pink more strongly than the other,
In conkragt with infections of the Nigerilan

P, vinckel, in which the numbers of sporozoltes collected were

low (no mors than 300 per mosquito), from 2,500 to 7,000
sporozoites per mosqulto were normally harvested froun

A, stephengi infected with ths Nigerian P. berghsi,
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Sporogony abt 21°C and 28°C is described bolow,
followed by an account of an experiment to determine the

infectivity of sporozoitaes produced at 249C,

Effect of temperature on the sporogony of

the Nigerian P. berghei

Two expsriments were performsd to investigate

tho effect of high and low temperatures upon the growth of
oocysts and the production of sgporozoltes of the Nigerian

P. berghel in 4, stephensi. The results are summarised in

Table 2.

(i) Sporogony at 21°C.

In the first sexperiment, A. stephensi (L70K) fed on

3 mice (169K} 3 days after inoculation of blood from another
mouse (167K) infected by the inoculation of sporozoltes (see
figure 5). Unfed fomale mosquitoss were removed, and the
cage was incubated at 24°C for 24 hours, From earlier work
it was known that sporoguny was successful at this temperaturs
and lncubation at 24°C durins the formation of ookinetes end
thelr inigration into the wall of the gut ensured that oocysts
would becoms established,

After the first 24 hours, the mosquitoss ware divided
into two groups, one of which was placed at 21°C, while the
other was laft at 24°C as a control,

From the dlssection of small numbers of mosquitoes,



Sporogony of Nigerian P.
21°C, 24°C and 28°C (Ist 2Z hrs at 24°C)

TABLE 2

verghei in A,

teggensi at

it By - et S D 0

i : ' ? : i !
Batch iTomp. 'Infections |Diameter | Day glandsDay glandsldcan ‘Dosa of
Na, of of gut of maturel first harvessec humbar porozoites
sporogony ;oocysts infected of i.v. per
_ f
! s pordzuites Liouse®
lper :m0sq.itol
} i
L a/e -ve | _ |
’ i
170K/L | 21°C 2200 70 p 11 or 12 i 1,500 22, 000
oocysts ~ less : 2
! z
% | !(to)
L70K/B | 24°C 5/6 =ve 50 p 11 or 12 2,500 22, 000
less
1> 200 b (40)
oocysts d
L77K /4 | 24°C 8/9 -ve 62 p 10 12 5,650 14,760
100.250 (72)
oocysts i
_ i
177K /B | 28°%C 8/8 +ve 60 p 6 8 \ 194 13,600
1-50 (roy i
oocysts

* all .uice became infacted.
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infection rates wero found to bs high in both batches, and
nunbsrs of oocysts were always mors than 200 (ses table 2),

On day 8, sporozoltes were forming in the oocysts growing at
249C, but not in those at 21°C. The oocysts developihg at

the lower temperature had roached an unusually large slze by
this day (up to 70 R in diameter), compared with & meximaa of
only 50 P on tho gubs of mosquitoes at 24°C, By day 11, there
were mature oocysts in both batches, mesasuring the same
dlamsters es on day 8, There wors Spbrozoites in the glends
of mogquitous of both batehes on this day.

On day 12, the glands of all surviving mosquitoes
were dissscted and sporozoites were harvested, The mean
number of sporozoitas collected from sach mosquito incubated
at 21°C was 1,500, and from those incubated at 24°C, 2,500,
Sporozoites wers ilnoculated intravenously into mice; each of
2 mice were glven 22,000 from each batech of mosquitoss, aAll
4 mice had patent parasitaemias 4 days after inoculation, with
5-10 parasitided cells per field (X100 obj.) of a thin blood
film,

It 1s concluded that the infectivity of sporozoites
of the Nigerian P. berghei is si.ilar at 21°C and 24°C.  The
smaller yield of sporozoltes from mosquitoss incubated at
the lower tempsrature was dus to a delayed maturation; on the
day sporozoltes were harvested, there were wany oocysts which

had not reached maturity on the midguts of this batch,
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The greeter size of the oocysts at the lower 12""
temporature 1ls similar to that reported by Dissanaike et al.,

(1965) for P, cynoinolgi ceylonensis. It emphasises the need

to regulata temperatures with great carc when comparisons are
made of the sizes of ococysts of murine porasites from

different locallitiss,

(11) Sporogony at 28°C.

The nominate subspecies of P. berghsi is intolerant

of high temperaturss during sporogony (Yoeli, 1965; Wéry, 1968),
A second experiment of simllar design was therefore performed
to investigate the effect of a tempsraturs of 28°C.on the

gporogony of the Nigerian strain in 4, stephensi.

Mosquitoas (177K) were permitted to feed on 2 mice
8 days after the lnoculatvion of gporozoltes, Unfed fernmle
moggquitoas were removed, and, as in the first experiment, the
cage wes kept at 249°C for 24 hours, The mosquitoes were then
divided into two groups, one of which was kept at 24°C 25 a
control, while the other was moved to an insectary at 23°C.

Dissections from day 5 onwards revealedi similarly
high rates of infections in both groups (sge Table 2}, but
there were fewer oocysts (1-50}) on the midguts of the
mosquitoss at the higher temperaturs than on thoss at 24°C
(100-250).

On day 6, the oocysts in mosquitoss kept at 289

were maturing, and wore much larger than those at 24°C. The



mean dianwter of 10 oocysts at the lower -tempsrature wos 123
39 p (27-46 }1), but that of 10 oocysts, all mature, in the {
uther batch wes 61 ) (54-7l‘p). Sporozoitos wers seen in

the selivary glands of vnu out of thres mosquitoss at 28°C,
whergas 1n the ccntrol mosquitoes on tho scme day thers was

no sign of the formation of sporozoites in the ooecysts,

On day 8 there wepre sporozoites in the glands of 3
mosquitoss of the axparimental batch, on the stommchs of which
there wore only few unruptured ococysts, Since 1%t was than 2
days since the first invasion of the glands, it was deocilded to
harvest the sporozoitus from this group without waiting for
infections to mature in the control mosquitoss, Ths yield
was low, with a msan of only 194 sporovzoitus hervested por
mosquito., A mouse lnoculated intravenously with 13,600
gporozoltes dovelopsd a patent parasitasmia on the 3rd day.

On day 9, mature oocysts of the contr.l group
attained the samo mean diameter (60 PJ a8 that reached by
oocysts of the experimental group 3 days earlier. Sporozoites
invaded ths glands of the control group on day 10, and wsre
harvested 2 days leater, The yleld was more than 30 tiues
greater than from the exporimental group, with a assan of
6,650 sporozoltas collected per mosquito, Thres :alce eaéh
inoculated intravensusly with 14,700 sporozoltes had patent
parasitaemias 2 days later,

The small nurber ofoocysts on the midguts of the



124
mogsquitoes incubatod et 28°C was probably due to interforence
with the pensetration of ookinstses after the first 24 hours at
24°C, In the control group, ookinete peonetration and
oocyst formation 1s presumed to have continued boyond 24 hours,
The higher tempsrature such increased the rete of growth of
oocysts, but their msan size when mature wes the sane as at
240¢c,

Even when the lower numbor of oocysts is taken into
account, the higher tempsraturs appsared to causa a reduction
in the numbers of gporozoltes lnvading the glandsy they wera,
naevertheless, infective to mice,

It 1s concluded that the gporogony of the Nigerilan
P, berghsl 1is edversely affected by incubation at 2800, but

the parasite is more tolsrant than P. b. berghei of ths high

temperature,



Infectivity of Sporozoites of ths Nigerian

P. berghei

During the prusent study, other work was in
progress in the same laboratory to deotermine the pussible
influence of.varying doses or sporozolites of P, vivax on the
course of infection in man, To practice ths preparation of
ten-fold dilutions of suspensions of sporozoites, an

sxperimsnt was carried out with the Nigerian P, berghei.

It was hopsd the results would elso (1) provids inforuation on
the infactivity of sporozoites of the Nigerian parasite
produced in L. stephensi at 249, and (ii) indicate the

feagibility of preserving suspensions of sporozoites of known
infectivity of a murine malaria parasite at low teaperatures
in the sams way trypanosomss can bu stored (Lumsden et al,.,1963)

4 large batch of A, stephensi which had fed

on mice carrying gametocytes of strain N&7, were 1ncubated for
15 days at 23-25°C, The salivary glands of 200 of the
mogquitoes were then dilssected into cold bissue ouiture med 1um
199" by a team of thres dissectors, The glands were crushed
in a grinding tubs with o "Teflon" pestle, and sporozoites were
sounted in a counting chamber, It was calculated that the
suspension contained 8,000 sporozoites por 0.1 ml, A sariaes
of ten-fold dilutions was then prepared to provids 6 doses sach
of 8,000, 800, 80 end 8 sporozoites per Q,1 ml,

The dissection and the preparation of the
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dilutions took 2 hours to completo, Throughout this tlme,
tubags containing glends or fres spordzoltes wera kept cool by
iingorsion in iced water, Thu suspensions were thoroughly
mixed and, beglinning with the highest dilutions, 0,1 ml, dcSes
of gporozoites were inoculated intravenously into 4 groups
of 6 male mica of 15 gms, body welght; the 24 inoculations
took 33 inins,

Blood films from the mice were examined for the

fipst timne 4 days later., The results are shown below:

TABLE, 3

The results of the sxamination of blood filus

from 4 groups of 6 mice given ten-~fuld doses of

sporozoites of Nigerian P. berghel; 4th day after

Intravenous inoculation.

Mice Doges Blood films
184K/1-6 8 L1l « ve
188K/1i-6 80 A1l 4 ve
186%X/1-6 800 ’ L1l 4 ve
187K/1-6 8000 L1l + ve

The six mice gilven the smellest number of
sporozoites (8) were kept under observation for 15 days, but
none became infected,

The most striking rosult was the unexpectedly



127

short prepatant period in all six mice given only 80
sporozoites., In a saecond experiment with sporozoites of

P; b, yoolil (strain 17X), infections arose in 6/6 mice given

700 sporozoltes, 3/6 mice given 70 sporozoites and 1/6 mice
given 7 sporozoltesy the longest prepatent period was 5 days,
It is concluded that 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 termg, this means that with a yileld
of 2,500 sporozoites per mosquits (the minimum recorded for

the Nigerian P, beorghei in 4. stevhensi incubated at 23-25°C),

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

Using the method for msasuring the infectivity
of trypenosomss published by Lumsden et_2l,,(1963), Dr. J.R.
Baker calculated from the results tabulated above that
approximataely 3 per cont of the sporozoites of the Nigerian
strain were infectlve, It ssems unlikely, howsver, that the
method of estimating thse infectivity of trypanosomss can ba
appllied to sporozoitss without modification, The mcthod 1is
based on ths assumption that a singls trypanosomes is capable
of giving rise to an infection, While this may bo theoretic-
ally true for sporozoltes nlso, the malaria parasite has a

more hazardous Jjournsy before it 1s established in the host,
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Trypancsomss inhablt the blood, but sporuvzoltes of a pO

mammalian Plasmodium must first gain entry inbto a parenchymal

2.
cell and complots %sdaybgonio cycle before the blood is invaded.

Wéry (1968) inoculated known numbers of gporozoites

of P. b, yoslii Intravenously into mice and esti.ated tha total

numbgr of tissuc schizonts in the liver at 48 hours, IFrom
his results, hs calculated that not more then 10 per cent of
ths gporozoites gave rise to tilssue schizonts. It is not

known whether this is bocause 90 per cent of the sporozoites

produced in A, stephensi are not viable, or whether the

majority are simply lost by the wayside. Bray and Killicks
Kendrick (unpublished]} found that viable sgporozoites of
P, b, yoelil had completely left the circulation 5-10 .aiinutes

efter being injected into the vein of a mouse, whereas carbon
particles are known to circulate for 30-35 minutes.

Presumably, therefore, infective gporozoites which are

destined to develop further actively penetrate parsnchymal cells
whereas others are passively rsmoved from the circulation by
phagocytic cells more raplidly than inert particles of carbon,

To ensure that an infection arises in a rodent, it 1s probable
thet more than one infective sporozoite. must be inoculatsd
bacausae of the hazards they must face before gaining access

to the only gite, the parenchymal cell, in which dsvelopment

cean take ‘placse.
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In spite of the lack of knowledge of the preciseo

fate of the sporozoite when it is inoculated intravenously
(or, indeed, by any other route), soms method of preserving
suspensions of sporozoites of known infectivity at low
toniperatures may be feagible, Ths problem is, howevser, not
as slinple as that of preserving salilvarian trypasnosomes.

Tha gporozolte is less tolerant than the trypanosome of
current techniques of preservation, and sporozoltes in
sugpensions prepared by crushing glands (iolinari, 1961;
Bafurt, 1968; Killick-Kendrick and Brucs-Chwatt, in press)
appear to survive less well than those frozen in the intact
gland (Jeffery and Rendtorff, 1955; Jeffery, 1957). The
first step in devising a method for the low-temparature
preservation of gporozoites of murine malaris papaesites 1s to
discover how better to protect the sporozoite during freezing

storing and thawing when it is free¢ from the salilvary gland.



prisary Exoerythrocytic Schizogony of tho

Nipgerian 2. bershel (Plates 17,18 & 19)

Tlssue schizonts were obtainad in the livers of
white mice and rats given single intravenous inoculations

of suspsnsions of sporozoites of the Nigerian P, berghel

from the sealivary glands of experimentally infected

L. stephensi,

The maturation tims of the tissue stases was
found to be approxiuatsly 2 days, Seven umice, ziven
intravenous 1noculatilons of sporozoites, were sacrificed at
hourly intervals 43-49 hrs after inoculation, Semples
of bloyd 0,5 -~ 1,0 ml in volume were collected froa ths
heart of each mouse, and wsre ilnoculated intravenously into
a second series of umics, Only those given bl.uod at
48 and 49 hrs became infected, and the minumum maturatioh
tima of the exocerythrocytic schizonts in the white mouse
wasg, therefore, 47-48 hrs,

To provide meterial for a comparison of the

tissue stames of the Nigerian P, berchel with those of

strains from other localities, samples of llver were taken
from white rets inoculated intravenously with sporozoites.
Thrae rats (No. 165K) were given inoculations of sporozoitass

from 4. stephensi (batch 161K} which had taken infective

blood-meals from mice (No, 160K} 1l days earlier (ses fig.5%,



Each rat was 1lnoculated with a suspension preparsd from

the glands of 30 mosquitoes;.and althoush no count was made,
it may be assumed from later work in which the yield of
sporozoites was never found to be less than 2,500 per
mosquito, that the nuamber of sporozoltes received by each
rat was 75,000 or mora, .

Liver was taken from (i) rat 165K/3 at 25 hrs at
biopsy (by laperotomy) and 50 hrs at autopsy, (ii) rat 165K/
at 30 hrs (biopsy) and 36 hrs (autopsy) and (iii} rat 165K/2
at 45 hrs (bilopsy). Priinary tissus schizonts were found
only at 36 and 50 hrs, In spite of a long search, no
schizonts were seen In the pieces of liver taken from the
same rats at biopsy (30 and 25 hrs respectively).

The tilssus forms were very similar to those of

P. b, yoelil described in detail in earlier work (Landau

and Killick-Kendrick, 1966b), except that (i) the Nigerian
parasite caused hypsrtrophy of the nuclei of some infected
parenchymal cells, sinm:lar to that seen 1n infections of

P. b. killicki (Lendau et al,, 1968), and (ii) meture

schizonts at 50 hrs were a little largser than those of

P, b, yoelli,

Lt 36 hrs the schizonts were oval 1in shape, and
measured approximately 25 x 20‘y. The parasite completely
fillad the host-cell, the nuclsus of which was pushed %o

one sids. &lthouszh the nuclel of infected cells wers not



36
gnlarsod at 36 hrs, they wore alroady affoectsed by tha
progenoe of ths perasite, They stalned palely, and tho
nuclear mntorial lay in 2 fow peripheral masses (figz. (1),

plate 1¢); this appearance 1s the seme as that seen in cells

infected with oldur schizonts of o, b, yoelil (illustrated in

fi3. 9, plato 1 in the papor by Landua and 1llick-Kendrilcl,
1966h).

As with youn: tlssue forms of ell murino ualaria
paragsites, tho cytoplas.i of schizonts of the Nigerian

I. borphal stained a deop blue colour, and obscured the nuclei

of the parasitey doeply steinin: cybtoplasmlic floccull wora
usually prusent in 36 hr-ol1d schizonts, Smell indistincet
vaocuoles were common, and were most numerous at the periphary
of tho parasite, lyiny close to a fine lisdlting membraoac
(plat. 17; {ir, (1), Plate 19).

The last stages of spowth of the tlssuc forins
were observed In the livers of & rat tekon et 50 hrs, and a
wuso at 49 hrs. Noan diancters of mature schizonts in the

rat were larger than thuse of ¥, b, yoelil in the sauw anl al,

and meegurcd 42-50 P (couwpered with 37 i Landau and Killick-
Kondrick, 1966b). In larzge immature forims, the cytoplesmic
snsses sesn at 36 hrs persisted; thoey werce irresularly shepod
and msasurad 1-3.5 P across, The nuclol of thase forius
romained obscurod by the dseply staining cytoplasm. Snall
vacuolas worc & comuon featurs, and weru often more numerous

nt one sido of thae parasitc.
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YiwTE L7

Nir~gprian P, bur7hoi

25 hr-old priuwary oxocrythrocytic

schizont in tho liver of a wiite rat.
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Tho final stases of maturation were the sanw as

thoso describod for P, b, yoelil, The schizont shrank a

little in slze, and in seoction appuered to lis in o lérgo
vacuwoloey psoudocytoreres arose $ivin; a nogale~like
appearance (fig.(1), plate 18). and finally numerous sarozcibe
wore forned (fizs (1i) & (iii) plate 18), Theosc wors ganl:
round bodiss legs than L P in dieawtupr, with e lari;o nucluus
surroundod by a riu of cybtoplasm,

Tho mucloci >f infectsd parenchymnl colls bocamy
auch enlarsud by 59 hrs, and measuroed up to 10,ﬁ across
(fig. (1), plate 19}, The auclear materiel was clumpud into
n fow deeply stoining nﬁsses, but the rest of the nuclous
staive.l very palaly.

No dirfferoncas war¢ seen bobtweein schizonts in the

livar of the rat, and those in the mouss,
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PaaTh 1O

lgerian P, bsrithel

49 hr-old priunry gxosrythrocytile
gehizonts in tho llver of a laboratory

mouse (X1,509)

Fis. (1) & contracted schizont showin:

psgudocytomures,

M, (1) 4 schizont with mMurozoitus

formlneg,

FPl:,(iii)4 fully mature schizont with
frec merozoitoes (i) in a

ngarby sinusold.
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The Nizerian ¥. berpshel in the blood of

white mics (Plate 20)

The morphology of the blood stages of strain N67

is the same as that of ¥, b, berghsil and P, b, yoglii,

with a few mlnor differences. Ls with a8ll strains off

P. berghel subspscies, polyparesibtism was comunonly seon,
especlally when perasitasmias were high, The usual
predilection for immature erythrocytes was marked 1in many
mlece, but in ebout a quarter of the animels, ths usual
reaction of the white mouse (Yosli, 1965) - the production
of polychromatophlls . was absent, and all parasites waro
then in normocytes. These mice suffered seversly from thae
infection, and their parasitaemies were hizher than in mice
with many immature red-.cells, Except for the mice which
lacked polychromatophils, there wag usually a spontansous
cure in the 2nd or 3rd week of infection; mice with heavy
infectioné of normocytes seldom survived more than 2 weoks,
This observasion supports the work of Peters (1963bJ, who

related the apparsent virulence of & number of strains of

P. berghei to the kind of red-cell mainly perasitised.
He found the course of infection was most se?ere in mice
with only‘faw polychromatophils,

Ths snmallest parasites in the blood of whilte

mice were tiny compact bodies composed mainly of a nuclsus
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with a tiny crescentic wisp of cytoplasm, Thay mu‘;aasur'cac;.!'g‘-j
1.0 - 1,2 p in dlemeter,  4As Zrowth begzan, a central vacuolg
formed, and the parasite then adopted the typical ring form

of the 3enus Plasmodium, Unlike the Nizerian P, vinckei,

rins forms of strain N67 seldom had twin nuclear masses,

As growth continued, the vacuols was quickly
lost, and youny trophozoltes were typically round compact
bodisg with no sisn of amoeboildicity, Vory fine grains
of goldaen pigment first became visible in the late tropho-
zolte as 1ts diameter reached about helf that of the infected
cell, The presence of these larger stazes affected the
shape of the host-cell which was often stsellats, No
stipplins was sesn,

Division of the nucleus was delaysd until thse
dlameter of the parasite was a little more than half that
o the host-call, Nuclei then continued to divide until
8-16 merozoltes were produced, Schizontg appeared to grow
until they completsly filled the infected erythrocyte, but
just as they matured they shrank leavinz visible a rim of
the host-csll. 4t matur ity the ffolden pigment clumped into
one or two magses, often lying in the centre of the parasite,

Usually large schizonts measuring €.5 - 9.0 P
in diameter, and always filling the host-cell compls tely were
occasionally encountared, Such forms had up to 20 nuclsl

but none was ever sean to maturs, Thesa parasites wers
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possibly pseudoschizonts - abserrant forms resultinzg from
polyparasitism,
Gamstocytes wers indistinzulsheble from those

of P. b, yoelii (see Wery, 1968), The usual sexual

dimorphism was ssen, The nuclei of the femamle parasiteg
were simaller, more compact and more sgtrongly staining than
those of the male gametocytes. The cytoplasm of the
femals stainsd a bright blue colour, whereas that of the
mals was pink, tinged with light brown by the finely
scattered pigmsnt, 1In both macro and microgametocytes,
the pisment was a darker golden colour than int he agexual
stazaes, and lay in discrete granules throuvghout the cyto-
plasm; female gametocytes seomed to contain more pigment
than the males, bub this‘appearance was perhaps due siluply
to ths fineness of the pigment in the males. Somse
gametocytes, aespecially the malses, containsd a large
central vacuole; this is probably an indicetion of senility,
since vacuolated forms becamé morg numerous as infections
progressed,
The blood forms of strain N67 were typical

of ths berghei-group, and these stages in the life-cycle
of the Nigerian parasite ape indistinguishable from thoss

of subspeciss of P. berghei from Xatanga, the C.4.R. and

Brazzeville,
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Nigerian P. borghsi (N67) in the

blood of white mice.

Fig., (1) Rings, trophozoltas, a
microgametocyta (M) and
a macrogametocyte (F).

Pig. (1i) four devsloping schizonts

Pig.(1i1i) & mature schizont with
ten merozoltes,

Fig., (iv) Ten free merozoitss and

a singloc mass of pisment
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PLATE 20
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DISCUSSION 14

Distribution of Blood-Sporozoa of Rodents

Rodants are so very &hﬁzrous and diverse that 1t
is difficult to draw many firm conclusions mbout ths
3gographlicel and husPal distribution of their bluod-sporozoa
from the comperatively fow reports (ses check~list in 4ppendix),.
Some patterns nevertheless smergs, and a brief review points
the way to new work, The genera of rodents in which blood-
sporozoa are known are listed in Table 10 (in the Lppendix)

accopding to theilr systematic position,

Hepatozoon is the commonest blood sporoczoan of

sciuromo 'phs and myomorphs, with many records from rodents
indlgenous to supope, Africa and Asia, and a few to Lmerica,
Presumably this wide digtribution is at least partly due to
the ubiquity of sultable invertebrate hosts, flesas, mites and
lice, and possibly to an ability of the parasite to undergo
sporogony unaffected by extremss of ambient temperature,.
Blood forms of haemogregerines of all squirrels and most
myomorphs ara in leucocybtes. The exceptions are the species

parasitic in the dipodids, daculus and alactagulus, and two

of the murids Cricetomys and Dendromus; gametocytes of the

haemogrcgerings of thuss rodents inhabit erythrocytes,
Piroplasms of rodents are less evenly distributed
both hostally and geograephically, than the haemogregarines.

Thare are many records of Babesla in myomorphs, but only one
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in a sciuromorph (sse Table 10), Many squirrels are terrcstr-
ial, and the duvarth of reports of plroplasmg in these rodents
is not satisfactorily oxplained by lack of possible contect

with the only proven vectors, ticks, in an arboreal habitet. .

-
[ . ’

No records wera found of Babaesia in rodents of
Lgia and S, america. Dunn et al, (1968) looked st the blood
of Aglan rodents but recordsd no infections of piroplasms,

and ILeinson (personal communlcation) hag examined hundreds of

Brezilian ericetids without encountering Babesia, This
unexpls ined restriction in the distribution of piroplasms of
rodents is important when considering the gouroe of infection
of rare cases of piroplasmosis of splenectomised man such as
thoso recorded from Jugoslavia (Skralbalo end Deanovic, 1957},
the U.S.i. (Scholtens et al, 1969) and tha Republic of Eire
(Fitzpatrick gt.al, 1965),

Hepatocystis is unknown in any host in the New

World or Australagia, and it appears to be restricted to the
0ld World Tropics where 1t has besa recorded from monksys,
the mouse-dser, the hippopotamus, bats and squirrels, The
species infecting squirrels are from Asia, and althouzh

Hepatocystis is common in monkeys in Africa, it has never

besn recorded from an ifrican rodent., (see Garnhem, 1966).

4s with Hepatocystis, Plasmodium is not recorded

from Now World rodsnts. True maleria perasites of mammels

other than .man are poorly rapressnted in that continent, wih
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only two spocies, P, simlum and P, brasilianun, known in

monkeys., flurine rodents, among which are found hosts of

Plasmodium in Africa, are not indigenous to the New World, and

it 1s tempting to assume that trus malaria parasitos are
absent in South American rodents of other femilieés,

Species of pPlasmodium of podents are known from

(1) semi-arboreal murines of the great Congo Forest, (ii)
one Africen and twuv Asian squirrels and (iii) the African
brush-tailed porcupinsg, With the exception of the last of
thess animels, infections of which are ecquired in a
restricted biotope in caves (Mouchet et al,, 19257), terrestr-
lal rodents sesein not to occupy a niche where they are likely
to become pert of an snopheline - malaria - rodent complex.
In the vest forests of South America, it is arboreal rodents
which would appear most lilkely to harbowr malarie parasites,
In Africa, ths malaria parasites of murine rodents
appear to be limited to the periphery of the Conzo forest
block which extends from Katenza in the sast, to Nigeria in
the west. (Garnhem et al., 1966; Weéry, 1965). The principal
vertaebrate hosts are speciss of Thamnomys, a rodent which
flourishes in forest galleriss or secondary forest formed by
the farming activities of man, A number of surveys have boean
carried out in the Guinea Forest west of ths Dahomsy Gap.

Dstails have not bsen published, but Gunders and Jray
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unsuccessfully examined rodents in Liberia, and Crogs 1is
currently looking at rodonts in Sierra Leone, In thils part
of Africa, arboreal aurilds asre scarce and difficult to catch
Thaunomys, and 1ts relative Grammomys, occur, but are seldonm

encountered, Bellier (personal comauncation) suggosts they

have begn largely replaced by another semi-arboreal rodent,
the little-known Dephumys, foll.wing harsh competition among
sylvatic rodents durlng dessication and fragmentation of the
Guinea block some time well into the Late Pluoistocene (iiorsau
1963); the vissisitucdes of this part of the African forest
must also have affected the sylvatic anvphelines. rossibly
melaria parasites are no longer present in murids in this -

wastern part of the continent,
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Malaria parasites of mammals other than

" Suprelemurold primtes are grouped in the subgenus Vincksia
Garnham, 1964, Fiftesn speciles are known (Garnham, 1964,
1966; Lien and Crogs, 1968). These are:

P. girardl end P. lemuris of lemurs

P. bubalis of thse weter buffalo

2. cephalophi and P, brucel of ths duiker

P. tregull of the chsevrotailn

P. roussattl and P, voltaicun of bats

P. sandoshami or the colugo

P, anomaluri, P, booliatl and P, Watteni of flying squirrels

P. atheruri of the brush~tailed porcupine

P, berghel and P. vinckei of murine rodcnts

The characters .f the subgenus are:
(1) blood stages zause no gtippling of red cells,
(11) erythrocytic schizonts do not £ill the host-
cell, and produce not more than eight merszoltss,
(1ii) gametocytes are round,
(iv) sporogony 1s in anopheline mosquitoss,
(v) exuerythrocytic schizogony is of short
duration, taking 3 days or less,
and (vi) secondary tissue stages are rare or absent,

Very little 1is known of the life-cycles of most
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species of Vinckeis, and possibly the definition will have to
by revisbd in dﬁo'dburse, or porhaps the subgenus will be
divided into two or more subgensra, Hearwhile, it providaes
a convenlant groupin; for the fiftesn species of malaria
parasite of mammls other than primatss,

Murine malarla parasites fit well in the subgenus
as prosontly defined, except for two characters, TFirstly,

erythrocytic schizonts of P. berghel and ¥. vinckei commonly

produce mora than elght merozoites and secondly, presumed
secondary tissue stages have been found in tho livers of

thicket~rats with mixed natural infections of P, b, yoelili

and P. v. chabaudi (Landau and Chabaud, 1965, 1968; Landau

and Killick-Kendrick, 1966b; Landau gt al., 1967, 196%@.

The numbers of merozoites produced by erythrocytic schizonts
tend to vary according to host, and dsscriptions of the blood
stages have been made from unnatural hosts (hamsters, white
rats and mice). Howsver, the study of the Nigerian

T. vinckei in the blood of its natural host in the present

work shows that thae normal number of merozoites of this

subspeciss is 8~12, and in this respsct P. vinckei doss not

fit with the definition of Vinckela, But Garnham (1963 )
points ovut tiat withian the subgenus there ars a few minor
variations from ths definition,

With regard to Landau's tissus schizonts, 1t is

significant that they have never bsen demonstrated in the
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The distribution of murine malaria parasitas
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§ Paresite Locality . Vertebrate Invertebrate

| ; host host

@, b.berghei Katanga é‘I‘.surdaster- L, dureni

% '(occagionally millecampsi

% P, jacksoni

% iand L,bella)

&. v.vinckei é Katanga g?T.surdaster 4. dureni

:x millecampg i

P.berghei ssp Nigerisa T.rutilans ?

P.vinckel ssp Nigaria T.rq;;;ans ?
{rarely

i P.tullbergi)

.5 .yoelil C.A.R. lp . putilans ?

}P.v.chabaudi C.L.R. T.rutilang ?

;P.b.killicki Brazzaville |T,rutilans ?L . cinctus

‘ Brauzaville ?4.cinctus

P.,vinckel ssp

éT.rutilans

e i o 1 % & P T——— - —— i b 5 = 10 o e+ o
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livers of laboratory bred Thamnomys with experimental
infections, and until this 18 dons 1t is not cortain that they

arce stages in the life-~cyclse of Plasmodlum,

In the four localltiss from which murine malaris
perasites have besn reported (Xatange, Nigeria, the C.A.R.

and Brezzaville), P. berghei and P, vinckel are found togdher

(sce Table 4), The spocies are rescognised by diffsreonces in
the infectivity of newly isolated strains to laboratory rats,
and the morphology of the stages in tho blood of laboratory
enimals (Gornhem, 1966, 1967, 196S; Garnham et al,, 1967).

In general, young rats are susceptible to P. berghsi, but not

to P, vineckeli, Rings with double nuclear masses ars coummon

in P, vinckel, but rems in ©, berghei. Unlike P, vinckei,

P. berghel is norimally characterised by a marked prsdilection

for the immature erythrocytes (reticulocytes and "polychromato-
phils" ) of laboretory rodunts (Ladda end Lalli, 1966). 4

striking difference 1s in the size of fully-grown gametocytes;

thogsse of P, berghei ares 2 F.larger in diametser than those of

P. vincksi.

4 number of subspscles of P, berghei and

P, vinckei have besn recognised and named (Table 4) (Landau
and Killick-Kendrick, 1966a; Bafort, 19638; Landau et al,, 1963
end 1ln press). The differential cheracters of the subspeciss

glven by CGarnhem (1967, 1968) and Garnham et.,al, (1967) are:
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(1) +the geographical and hostal distribution,

(1i) minor differences in the blood stages

(11i)the size of the oocyst,

(iv) the length of the sporozoite,

and (v) the size of the prilmary exosrythrocytic schizont,
1ts rate of growth and the number of merozoltes produced.
Some of these differential criteria, such as the

nunbers of merozoites produced by schizonts in the blood (a
character which may vary according to host, or differ during
the course of infection), or the size of the tissue forms at
maturity (which may not be the same in different hosts;
Yoell et e2l., 19665 Bafort gt al., 1968), are perhaps too -
varieble 1n the hands of different workers, This led Lendau

et al, (in press) to select what they thought to be the most

constant charecters by which the subspecies could bs
recognised, Thess are:

(i) the mean diameter of the oocyst,

(1i) the mean length of the sporozoite,

and (11i)ths growth rate of the primery exoerythrocytic

schizont in the liver of a stendard animal, ths laboratory rat,
obtained by plotting msan dlamsters against age, Since some
degree of 1lgolation is thought tv be necossary for the subspeciss
to have svolved (sese below), geographical and hostal distribu-

tion is important in the recognition of subspecies of thse
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murine malaria parasltes,

Soms workers dislike the use of subspecific nanes
for malarlia parasites and consider the differonces as silaply
thoss of strains,. Before congidering the taxonomic position
of the Nigerian parasites, it 1is tnerefore/ necessary to

exsmine the case For recognising subspecles.oi 2. berghei and

P. vinckel,.

The modern view of a subspeeiss is that it 1is
essentially a geographically determined taxon, with aor pholo-
gical differences as}an expected, but not invariable saquel
(iieyr eb.el., 1953% iMayr, 1963; Gilles and de ieillon, 1968),
Mayr (1963) emphasises that "it is the geographical elsment
that is the essence of the definltion, not the dezrewae of
texonomic difference." No penk in the hierachy of animals
can be defined in absolute terms, howsver, and whether a
populetion is viewed as & species Or subspeciss, or a
biological race or dems (Hoara, 1952} often depends upon
a slowly growing consensus of opinion, Subspeciscs are
parhaps the most vague of the texa, neatly described by
Simpson (L945) as more or less arbitary subdivivions of a
continuua, Thoir use 1is particularly likely to cause
controversy, but a common-sseasa approach is helpful and
refreshing, If a walaria parasite from a ziven locality
has hosts which do aot migrate, and if it displays saveral
constant wmorphological or bioloziecal characteristics
onabling one to recognise its source, it seems sonsible

to give it a name, If straing of the parasite vary,

DR ]
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and morphological characters overlap with those of related
parasites from other localitios, it would not be posgsible to
recognlse the source and the paresite would not merlt formal
taxonoimic recognition,

In the dliscussion below on tha taxonomic

position of P. berghsi and P: vinckei from Nigeria, support

is given to tha ﬁiéw thét differences between strains from soms

localities are of sﬁbépeéific order,
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Tha Ydentitiesg of the Nigerian Parasltes.

Tpe"élinate in the Nigerian locolity is
siullar to that of the localitivs in the C.A.R. and Brazzavills.
There are some differences in the tines of the seasons, but
bagically all three placas arae in warn, damp secondary forest
et low altitude., In contrast, the climate of the Katanga
highlands 1s cooler, and the biotope 1s one of forest galleriles.
In the hostal distribution, thers arse
similarities which agein set the parasites of Flgeria, tha
C.A.R, and 8razzaville, apart from those of Ketanga, The
subspscies of the 3 localities have & common vertsbrete host,

T. rutilans, whereas the prihcipal vertebrate host of at lsast

one of the parasites of Katanga is T, surdaster (Table 4]).

Superflcielly these two thicket-rats resomble one anuther,
but Rosevear {1969) found differences in the microscopilc
appearance of the hair which, with differences in the cranium
and dentition, led him to support ths removal of the speclss
surdaster to Grammomys, a genus cloge to Thamnomys.,
Unfortunately, little is known of the habits of thicket-rats

but Vincke's (1954) view that T, surdaster was wrongly

described as arboreal is contradicted by Bafort's observation

(personal communicetion) of nests of T, surdaster, similer

to those of T. rutilang described in the present work, many

matres abovs ground, Thus 1t seems that T, rutilans and
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T. surdagter occupy similar oecologlcal niches, but are perhaps

less closely reolated than their superficlal appsarance would
suggest,

The 1nvertobrate hosts of the parasites of
Nigeria, tﬂé.C;A;R. and Brazzaville are not known, but they
are certainly different from that of the Katanga parasites

which ere transmitted by L. d. mlillecenipsi, a mosquito of

1li:ited distribution which 1s absent from ths other localities.
Another similarity of the parasites of Nigeris,
the C.i.R. and Breazzaville 1s in their prevalence in the rodent

hosts. In all three places, the subspecies of ?. vinckel are

much more common than ere those of P, bsrghei, and patent

infections of T, rutilans are often met (Landau and Chabaud,

1965; Adem et al., 1966; Xillick-Kendrick st al,, 1968b),.

Iin contrast, P. b, berghei is found in a very low percentags

of T. surdaster (Vincke and van den Bulcke, 1949; Vineka, 1954),

and thers ars no resports of patent lnfections, P, v, vinckei

is so rare in Katangan rocdsnts that a natural infection in ths

vertebrate host has never been found, and our knowledge of thils

subspaecies i3 limited to 2 isolations from A, d. millecampsi
(Rodhain, 1952; Bafort, 1967).

Similaritles in the loucalities, the hosts and
the prevalence of the murine malaria parasitses from Nigerisa,

the C.A.R. and Brazzavlilie mark them off from ths Katangen
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subspucies, ¥, b, berghel and ¥, v. vinckei, This suggests

soma dsgree of spuclation is likely to have occurred; indsed,

as Landau et al, (in press) point out, it would be surprising

if this were not so. Garnham (1968), however, has stressed
the need for morae knowledge of the invertebrate hosts and
zoogeography of the parasites before speculating further on
the nature of the speciation, Without intensive surveys in
places lying between the known locallties, it i1s impossible to
be cortaln there are never links in the distribution,. But

it is difficult to belisve the Katangan subspscies have a

genetic pool in comnon with the paragites from other places.

The Identity of the Nigerian P, berghei

From & comparison of all stagss of the lifes-cycles

of the Nigerian P, berghel and related parasitus from Katange

Brazzaville and the C.,A.R., 1t is concluded that ths new
perasite does not warrant separate subspecific status, LT

first it wes thought to be close to P. b, killicki (Killickw

Kendrick st d., 1968b), but a re-examination of this Brazzaville
parasite has led to the conclusion that it too should not be
regarded as a subgpecies, It 1s suggested that the berghel-
like perasltes of Brazzaville and MNigeria are best viewed as

strains of P, b, yoalil, J

The blood forms of the Nlgerilan parasgslts are



indistinsuishable from thosse of P, berghel from Katanza, the

C.4.R. and Brazzavillae, The suggestion that the parasites
from places other than Katange should be grouped into ons
subspecies is basged on distribution, the morphology of the
sporogonic steges and growth rate of the primary tissue stages-

the criteria chosen by Landau et al, (in press) listed in thse

discusslon above on the gystematics of the murine malaria
parasites.

Landau st al, (in press) plotted the growth

rates of tissus schizonts of P. berghel from Katenga, the C,A.R.
and Brazzaville end found that schizonts of strains from the
lagt two places grew at the sams rate as sach other, and

differed from thoss of P, b. berghcl. The mean dilamsters

of the tissue schizonts of the Nigerien strain at two points
of growth ere so similar to those of the strains from the
C.A.R., and Srazzavills that this character appears of valus only

to separate P. b, berghei from the others, A featura of the

Nigerian peragite, the enlargement of the nuclel of Infaected
perenchymal cells (plate 19), is sharsd by the Srazzaville
paresite (Landau st al,, 1968).

Mature oocysts of the Nigeriasn strain measurs
approximately 60 n in diemeter; those of the 17X strain of
P, b, yoelii msasure 75 Pl (Landauw and Killick-Kendrick, 1966b);

of the 1942Z strein of "p, b, killicki", 60 P (Landeu et al,

1968); and of the ANKA and R.,L.L, strains of P. b, berghei,




Sizes of mature oocysts and sporozoltas

TLASLE 5

of strains of P, bsrghei from

four localitiass

subspacies

strain Mean dlameter Mean length of

i of mature oocysts*| 50 sporozoites(1})*H
berghei R.L.L. 34 p (1) 10,9 p ¢ 0.22
yoelii 17X 75 p (2) 14.7 p 4 0.12
"killicki" 19427 60 o (3) 14.9 p 4 0.25
Nigerian N6'7 60 p (1) 16.2 p 4 0.22

* On fresh midgutes of L. stephensi gently

flattenad undsr a coverslip,

** Tn stained smears of infected glands of

L. stephensi

(1) Original

(2) Landau and Killick-Kendrick (1966b)

(3) Landau et al.(1968)
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approximately 40/p (personal observation). In this character,

therafore, the strain froam Nigeri: resenbles the one from
Brazzaville (see Tabls 5),
A statlstlcel analysis was made of the length

of gporozoites of strainsg of P, berghel from all 4 locelities,

Published data were inadequate for thisg purpose, and new
measurements were therefors made. Stained sumears of

sporozoltes of P. b, yoelii from the C.A.R. (strain 17X) were

prepared from experimentally infected A, stephengi. Mnme I,

Lendau kindly loaned two preparations of sporozoites of

P, b, killicki (strains 193L and 1942Z), Two freshly

isolated strains of P. b, perghei (ANKA and R,L.wu,) were kindly

supplied by Dr, J,. Bafort; sporogony was obtained in

4

L. stephensi incubated at 19-21°C, and dried stained smears of /

sporozoites wers prepared. The technique of measurement 1ls
described 1n the section on materials and methods in the
present work,

Preliminary results of the statisticel

comparison of sporozoltes of P. berghel are given in figure 6

in the form of Dice~Lsrass dlagrams; the data on whilch the
diagrams are based are given in Tabls 6, The method of Dicse
end Lerass (1936) for comparing sets of measurements was
modified by Davis (1952) to compare lewlsi-like brypanosomss
of Californian mammels, It has since been used in comparisons

9
of trypanosomes of livestock (Hoare, 195f, 1956; Keymer,1l969),
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TLABLE 6
Mensural data of 50 gporozoites of strains >f

P. berghei from four localities

i i H

i subspecies |strain Iocality§ mean ! rangse coeilfl Stnd Stnd

y y of dav. |  error
variation; ;X2

berghei R.L.L.| Ketanga | 10.90} 8.0-14,5! 14.5°/ | 1.578 0.446
berghei ANKA Katanga | 12.04{ 9.0-14.0 9,1°4A 1 1.100 0.312
yoelii 17X C.h.R. 14,72 | 2.0-17.0 5.9°4 1 0,870 0.246
- killieki 194272 | B'ville | 14,94 |{1L5-24.0| 12,09/, 1.797 0.508
| 2ssp. NG 7 LNig;eria | 16.72110.0-19.8 9.39/,] 1.580 0.440
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shrews (Davis, 1969, emphibis (Diamond, 1965) and fishes
(Needham, unpublished).

The Dice-Lerass diagrams are a simple graphic
way of comparing mensural data, The horizontal line, which is
the range of measurements, represents the extremes limits of
variation of the sample, The arithmetical mean 1s represented
by a cross-bar on the horizontal line, The white rectangle
is twice the standard error of the msan plotted on sach side
of the cross-bar, The shaded rectengles represent the
standard deviation of the series, sgain plotted from the
cross~bar,

If the shaded rectangles of any two dlagrams
do not overlap, at least 84 per cent of the specimens in each
sample are separable, a difference in trypenosomes which Hoare
(1959) eonsidered of subspecific order., A&ccording to Trevan
(Honre, 1956), if the white rectangles of any two diagrams
based on samples of more than 30 and with the same standard
deviation do not ove. lap, there 1ls a reasonable probability
(p = 0,02) that the differences in the means are statistiesally
significant, the significance increasing with the distance
between the rectanglss. Bven when samples are of unsequal
sizes or have dissimlilar standard deviations, if the white
rectangles do not overlap the probability that the samples are

from the same population 1is not more than one in twenty

(p = 0,05},

b
iJ
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The populations sxamined fall Into 2 zroups,

(L) P. b, horghel from Katanga end (1i) P, berghel subspacies

from Nigerie, the C.&.R. and Jrezzoville, There 1ls, howsver,
a slight overlap in the standard deviations of the series(the

shaded rectanzles)of the ANKA strain of P, b, berghsi and

strain 193L of P, b. killickl, Within the first group,

gporozoltes of the 2 strains of P, b, berghei heve significently

different means, Within thse second group, sporozoites of the
Nigeprlan strein have a msan length significantly differsnt from
thogse of the strains from the C,A.3, and Brazzaville, but the

sporozoites of P, b, yoelii and P, b, killicki appear to be

inseparable,
There 1s an unexpleined discrepancy in the

measurements obtained of sporozoites of r, b, killicki, and

those published by Landau et al,(1968). These workers found
the mean length of 20 sporovzoites of strein 193L was 18‘p, with
s pange of 15‘5“20°15,P' In the present study the mean lengt
of 50 sporozoltes of the same strein was only 14'52.P
(10.5-21.0'p), and of the same number of sgporozoites of strain
19422, 14.94 p (11.5-24.9 }1). Possibly the methods of
sampling differed. In the present work, sporozoitos were
drawn in the order in which they were seen, and the only
selection was the exclusion of damaged parasites, or parasites
partially obscured by débris., In the recognition of the

Brazzaville parasite as & new subspecises, the length of the
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sporozolte was considered to be an important differential

cheractur (Landau et al.,, 1968), and before P, b, killicki

is formally mede a synonym of P, b, yoolll the contradictory

results obtained in the praesent work must be confirmed by
examininzg new material,
From the present evidence, howaver, it appears

as though strains of p. berghei from places other than Ketengea

reprosent one polymorphic population, To recognise stroins
from esach place as new subspeciesg obscures the differences
between the Katangan subspecies and the othsrs, and gince
classification ig most useful when it shows siwmilaerities as
well as differences, there 1s nuch to be saild for grouping

the parasites other than P, b, berghel into one taxonomic

unit., In time, the subspsecises mey be raised to spocific
rank, end within the species yoslil geographical races nay be
recognised as subspecies, Such a step would still lesave

revealec the differencaes between P, b, berghei and ths

P, berghei~-like parasites Irom other parts of Africsa,

It may be argued that the parasites from
Nigeria, the C.A.R. and Brazzaville are recognisable by
differences in the morphology of the sporogonic stagss
(ses Tables 5). The sporozoites of the Nigerian pardsite are
longer (16.2 ﬁ) than those of the strains from the C.4.R,
(14‘7,P) and Brezzaville (lé.glp). Lnd the maturs ococysts

of straing from the C.A.R. are larger (75 PJ than those from
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Nigeria (GO}u) and 3razzaville (80 f). The Brazzavilles
parasite shares ono charactor (the lengbh of sporozoite) with
strains from the C.k.R., and another (the sizo of oocyst) with
the Nigerian parasite, 4t the noment it seems unwlse to
divide geographical races of P. ‘oelii into gubspecises on such
shared differences besed on studies of only ons strein from
Nigeria, ond 2 from drezzaville,

The revised differential criteria of

P. b, berghei and P. b, yoslii are summarised in Table 7.

The Katangan subspecies ls seen to differ from P, b, yoslil

from Nigeria, the C.A.R. end Brazzaville 1in its biotops, hosts
gize of oocyst, length of sporozoite, and ths rate of growth
of 1ts tissue stags.

The suggested division of P2, berghei into only

two gsubspecies 1s supported by thae work of Carter (in press)

who found that 4 enzymss of P. b, berghel (adenylete kinase,

6-phos phogluconate dehydrogenage, malets dehydrogenase and
glucose phosphete igomerasse) havs slectrophorstic patterns

markedly different from those of 2, b, yoslil from Nigerie,

the C.A,R. and Brazzaville, all of which are closely simllap

to one another. It remsins to be seen in what way this new
finding will influence our view of the systematics of ths
group, but it is clearly wrong to ignore 1t, espscially sincs
similapr differsnces of clusely relaoted ciliates arse associated(

with an inability to interbrsed,
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Differences between P, b, berghei and P, b, yousllii¥

P, b, berghei

|

P, b, yosgllli i

Geographical

distribution:

Principal
vertebrate hosts:
Invertebrate
hosts?

Optimum temp.

of sporogony
Mean diameter of
mature oocysts:
Mean length of
gsporozoites:
Primary e.ae.

schizonts:

Katanga only

Thamnomys surdaster

| Central Af.Rep.,

| Brazzaville, W,

Nigeria

Thamnomys rutilans

4 .dureni millecampsi

(e1%%
a5 p
<13 p

Growth rate slowsr

than P,b., yoelli

? 4, cinctus

>21%¢
:>50 B

:>15 F

Growth rate fasten

than P,b, berghei

* Carter (in presg) has demonstrated clesar differences

in the electrophoretic patterns of enzymss of

P.b. berghei (from Katenga), and P.b. yoelll (from

the C.,hA.R., Brazzavilie and Nigeria}).

¥
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In Carter's work, one isolate out of five of

P, b, yoslil from the C.,4.R. was racognised as a varilant, and

this wes viewed as a2 strong indication of genetic polymorphism
in the population, This 1s the key to the problem of giving

formal taxonomic status to stralns of P, berghel; it is

difficult to grasp constant morphological or biological
charecters, Since the sporozoite, llize the gametocyte, 1s

at a polnt in the lifse-cycle where further development depcnds
upon entry into 2 new host, it lends 1tself particularly well
to precise measurement, and in current work the diagnostic
vaelue of statistical analyses not only of sporozoltes of murine

|
malaria porasites but also those of the P, cynomolgl complex

end the malaria parasites of man 1s being further linvestigated, }
Saveral Intercsting points have already suergsd,

Firstly, ranges of lengths based on only two msasursments -

the longes}y and the shortest - are usually valusless 1a making

comparisons, Secondly, more subtle comparisons are possible

if standard deviations of the means and the series are

calculated, than if means (often of bedly selected samples)

ere the sole msesuremsnts available, Thirdly, Dice-Lerass

dlagrams ere a good grphic wey of comparing sets of msasurements

of sporozoites.

The Identity of the Nigerian 2. vinckel

It is not yet possible to assign the Nigerian

P. vincksi to a gubspscies, The blood stagses ars simllar to




Jremin
Ioih)
CD

those of P, v, vinckei, One dlfference is the distortlon of
infected erythrooytes seen in strains of tho Nigerian parnsito

from both Thammomys and Pra.mys, and on thils minarcharacter

the new parasite 1s distinguishable from P, vincksl subspecies

from Katanga, the C,A.R. and Brazzaville,

Apperent differences are also seen In the
sporogonic stages, but the unhsalthy sporogony of the Nigerian
parasite in all mosquitoes used in the present work casts doubt
on any conclusions one is tempted to draw, In ascending order

the mean dlamsters of mature oocysts of subsgpecises of P, vinckel

from the four localities ara: 40/» for P, v, vinckel (personal

obsservation); 47/p for the new subspecles from Brazzavills

(Lendau et al,, in Dress}; SO-GO}P for the Nigerian parasite;

and 75’p for P. v. chebaudl (Landau and Killick-Kendrick, 196:b)

(Teble 8], The complste range seen in the Nigerian P, vinckei,

however, included & few ooccysts as small as 40 P in diameter
and some as blg as 70/p, and & trus comparison 1s not possibls
without a statistical trectment of the data. Unfortunately,
befors this can be done, & new .msthod of accurate measuremsnt
must be devised, since ths present way of neasurinzg living
oocysts on freshly dissectad gubts 1is not good enough to reveal
differences which, though significant, mey be slight, The
malh objection to the present method is the variation in slzaes
of oocysts due to differences in the amount of salins under

the coversglip; an oocyst with a diameter of 60 P can be squashsed
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TABLE 8

Sizes of mature oocysts and sporozoites

of subspeclies of P, vincksi,

Subspscies Strain = Mean diameter Mean length of
. of mature 50 sporozoites (1)4
{ oocyst *
vinckel 67 40 p (1) 12,3 p 0.14
chabaudl 54X | 75 p (2) 14,5 p % 0,17
Brazzaville 27 p (3) *19.5 p=F 0.8
r
ssp. g
' e, -4
Nigerian N54 b 54 m (1) 14.7 p== 0,47
S8Sp. : i /l i

* On fresh midguts of A, sbephensi gently
P :

flattenad under a coverslip,

# In steined smears of infected glands of

L. stephensi.

x 30 sporozoites,
(L} Original
(2) Landau and Killick-Kendrick (1966}

(3) Lendau et al,(in press)




1

to 70)1. From the date et present avallable, the gize of
mature oocysts of the Nlgorian peregite appsers to be generally
siniler to that of thu subspsciss from Brazzaville,

Another similarlity to the parasite from
Brazzaville was the low infectivity of sporozoites produced

in 4. stephsnsi (Lendau et al., in press), although infectivae

forms of Landau's parasitse could be produced with difficulty,
whereas infective gporozoltes of the Nigerian paresits wsra
never obtained,

Sporozoites of the Nigerilan P, vinckel were

measured and comparisong were made with the sporozoltes of

P, vinckei from other localities; the deta were analysed in

the seme wey as 1in ths gtudy of strains and subspecises of

P, begghai} All preparations were from the salivary glands

of experimentally infected L, stephensi. The material studiled

wes:
(1) smsars prepared from mosqultoes infected with

strain 67 of P, v, vinckel; +the strain was generously

provided by Dr, J. Bafort;

(11) e sme~r of sporozoites of the new subspecies
from Brazzaville, kindly presented by Mme I, Landau;

(1ii) a smear of sporozoites of strain 54X of P. v,
chabaudi made in earlier work (Lendau end Killlek-Kendrick,
1966a,b}; and

(iv) smsars of strain N54 of the Nigerian perasite.

(LY I

¢

3



The results are shown ag Dice-Lerass diagrams
in Fig. 7; the data upon which the figures are baged are
given In Table 9,

Thoe mean lengths in asconding order wene 12‘5,F

for P, v, vincksl, 14'3,F for P, v, chabaudi, 1E.7 p for t he
Nigerilen parasite and 19,5 P.fop the subspocisg from
Brazzaville (Table 9).

Prom the Dice-Lerass dlagrams (Fig, 7), it is
seen that there 1s a compls te overlap betwssn the white
rectangles (twice the standard errors of msans) of

P. v. chabaudil and the Nigerian P. vinckel, and the moans may

thereforse bes considersd as the same, The mean lsngth of

P, v. vinckel is significantly different from the other thrue

populations, but the standard daeviation of the seriaes overlaps

with thoss of P, v, chabaudi and the Nigerien P, vinckel.

Similarly, the Brezzaville subspecies has a mean length
significently different from the other threes, bLut the
standerd deviation of the series overlops with that of the
Nigerlan strain, From these results, it is concluded that

the sporozoites of P, v, vinckel from Ketanga and P, vinckei

ssp. from Brazzaville ere sepereble from those of stralns
from the C,A.R. and Nigeria by highly significant differences
in their mean lsengths,

The data obtained frum measursments of strains

of P, vinckel sspp. wers less uniform than those obtained In
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TABLE 9

Mengural data of sporozoites of strains of

P. vinckeli fromfour localities.

eme——

strain

(2) 30 spdrozoites

subspesciles locality]mean |range goeff stnd stud
)1 P of vari|dev. arror
ation x2
vinekel (1)} 67 |Katenga |12,30] 10,0-14.5| 8.09% (0.982{ 0.279
chabaudi(l)| 54X [C.A.R. [14.26] 11.0-16.5| 8.3% {1,188} 0.336
lgsp. (2) B'ville {19.52| 14.5-26.5] 13.5°4h}2.64%| 0.965
lssp., (L) |N54 {Nigeria |1l4.68| 10,0-24.0] 20,794 {3.0381 0,948
(1) 50 sporozoites

oo



the study of ¢, berghel, Coofficients of variation of the

sporozoltes of strains from Brazzavllle and Nigerie were vary
large (Table 2}, and new mterlal must be obtnined so that more
prociso comparisong may be mads, The ranze oi langths of
sporozoites of the Nigerian parasite wes 10-24‘P, the widest

of any population measured in the pressnt work glving tho
highest cosfficient of variation (20.7 per centj seg Tables

6 and 9). The moasursewents are perhaps revealing a highor
than usual proportion of malformed peresites, partially
gxplaining tholr lack of infectivity. As with ths oocysts,

new measuraments of the sporozoites of ths lNigerien P, vinckeil

should be mado when a healthler sporogony 1s obtalnsd, uvithor
with other stralns of the parasite, or with other specius of
mosquitosus,

Like the Nigerian P, berghei, the Wigerian

P. vinckel appears to shorethe morpholozical characters of dts

sporogonlc stages with mors than one parasite from other pleces,
The size of its maturc oocyst is closest to that of the
subspeclss from Brazzavilles, butbt 1ts Spdrozoites cannot be

distinguishad from those of P, v, chabaudi from the C.L.R,

(Table 8).
In spite of the striking differences in the

localitics and hosts of P. vinckei from Katanza on the ona

hand and P, vinckel from Nigeria, the C,5,R. ancd Brazzovills

on the other, thore 1s no clsar indicetion that thers aro.
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only two clearly recognisabls subspecies ag in the ocase of

¥, berghsi, P, vinckel is certainly polymorphic, but more

work must be done on strains from all localities before itg
oan be declided how many geographically separats populations
there are warranting subspecific status, For a better
understanding of the reletionships within the group, it 1is
necessary to know which mosquiltoes are the natural vectors,
and whether or not there 1s a continuous distribution betwein
the known localities, In addition, it would be interesting to
sea the electrophoretic patterns of enzymes of the vinckel
'group similer to those of the berghel group shortly to be
described by Carter (in press). Such a study may help in
Judging the value of this kind of observation in the

systomatics of malaria parasites.
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APPENDIX

Sporozoa in tho blsod of Rodents

INTRODUCT LON

The protozoa parssitising the erythrocytes or
leucocytes of rodunts lie in four of the families of ths
Sporozoa, namely Hepatozoidae and Plasmodiides (Telosporea;
BEucoccida), and Babssiideae and Dactylosomidae (Piroplasmea;
Piroplaesmida),

Hepetozolidas includss the genus Hepetozoon

illler, 1908, a widespread parasits of the leucocytes, or in

a few instances the erythrocytes, of rodents. The only stagze
in the blood 1s the characteristic banana-shaped gametocyte.
These heemogregerines have besn given e number of gencric naues,
but in the check-list below they are all referred to the single

genus Hepatozoon., In reptiles and amphibia, which arc hosts

of saveral different haemogrsgarines, 1t is ugually difficult
to be certain of tho genus unless the life-cycle is known, but,
except for differences in size and host-csell, the gametocytes

- of the haemogregarinss of rodents look very mach alike, and

the fow life-cycles which have been seen (H, muris, H. pitymusi,

H, balfouri, H, grisdsciurl and H, erhardovae) are typical of

the genus Hepatozoon. At the momaent, therefore, there 1s no

reason to suppose the haesmogregarines of rodsnts are repressnted

by more than this one genus.



Crognodlidas containsg two genera of malaria

parasites of rodcnts, namely Plasmodium Marchiafava and

Celli, 1885, cnd Hepatocystls Lesvediti and Schoen, 1932 emsnd.

Garnham, 1948, Both are erythrocytic parasites which produce
malaria pigment.

The true malapria parasites (Plasmodium) of
rodents form part of the subgenus Vinckeia Garnham, 1964, and
the two specles found in murine rodents of Africa are sub-
divided inbto o nuiber of subspecies based largely on differences
in the sporogonic and exosrythrocytic stages (Landau and
Killick~Kendrick, 1966a; Gernhem et 2l,, 1967; Bafort, 1968;
Lendau et.al., 1968 and in press)

among rodsnts, Hepatocystis is found -etmesd

exclusively in Asian squirrels, The comamoner of the two

known speciss, E. vassali (Laveran 1905), is dilvided into four

subspscles based upon geographical dilstribution and minor
morphological differsnces of the gametocytas in thelblood of*
the 7Tertebrate ‘host (Garnham, 1966),

Babosiidae includes the piroplesms of rodents,
which are hers all placed in the only genus in the family
recognised by Nietz (1956), Babesia Starovici, 1893,

The identity of the piroplasms is as confused ag that of the
has.iogregarines, and fopr the same rsasonj too few life-cycles
have been sesn, A revigion of the family will no doubt

becomw nscegsary when more complete life-cycles are known
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(Nletz, 1956). The confusiun extaonds to the higher taxa,
In the praesent work, Plroplasmea 1s considered as a clags of
tha Sporozoa because of noew observations on tha fine structure
of piroplasms, which are now known to have saeveral organslles
typical of ths subphylum (Bittner, 1968; Friedhoff and
Seholtysook, 1968)

In light infaections in rodents, piroplasms ere
gasgily mistaken for mmlaria parasites, Both inhabit

epythrocytes, and young rings of Plasmodium, in which no

plguent is yet visible, are so simller to Bobesia that mis-
identifications ers undsrstandably comnon, The true

schizogony of Plasmodium In the blood is, however, absent in

Babsegla, and pigment is not produced by the piroplasnu,

& new genus was racantly created to accomnodata
an unusual parasite orf the spiny mouse (Lcomys). When first
encountersd, it was thought to bs a piroplasm, but it was sgen
to undsrgo a quite different kind of multiplication in the
erythrocytes of the host similer to the schizogony of

Plesmodium; pigment wes, however, completsly absent, In

parasitaemias heightensd by splensctomy, stages thought to be
gametooytes were found, and a reseirtblance to the dactylosomss
of fishes and amphibia was imnediately racognised, The new

genus, anthemosoma Lendau, Boulard and Houin, 1969, was

thersfore placed in the family Dectylosomidasc (Piroplasmaa;

Piroplasaida), When the life-cycles of the dactylosomes
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become known, 1t seewms unlikely thet they will remain grouped
82 closely to tha plroplesing.

Lpart from the trus protozoa parasitising
the blood cells of rodents, there are a number of othar
orgenisms which share thu same habitat, and which are commonly
met 1n studles on the protozoa. Bartonella Strong et al.,

1915, Aneplasma Theller, 1910, Grehamella Brumpt, 1911,

Hasmobartonella Tyzzer and VWeinman, 1939 and Epsrythrozoon

Schilling, 192¢ are parasites of the erythrocytes of a
great number of different mammals including many rodents,

Tholr true affinitles lung remained in doubt, but Bartoneila

1s now recognised as a bacterium (Peters and Wigand, 1955;
Perez-4Alva and Giuntini, 1957} and the others as rickebtsiae
(Nietz, 1957; Philip, 1957; Weinman, 1957); records of
these opganisms are not included in the check-list, They are
gasily recognised in the Glemsa~stained blood films, although
logs sagily assigned to a genus (see Tyzzer, 1942); they ere
sgen singly or in groups on arythrocytes, end eppear as small
dots or rod-shaped bodies,

4 slmilar paresite of the leucocytes of voles
was described by Coles (1914), who found it in the white-blood

cells of an English iicrotus agrestis, It was later found

in the neutrophils and sosinophils of i, pennsylyvanicus in thes

U.SJ4. and namod Cyboscetes microti Tyzzer, 1938, For the

moment, Cytoscetes is most sensibly grouped with the rickettsias
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of tho red-blood cells of rodonts and other wommals,

Morphologically it 1s similar to Grahamella, a very coimion

parasite of the erythrocytss of voles, and C, microti is

perhaps thls organisim in an unusual host-csll,

In the preparation of the check-list the
gxact identity of somse of the prodents hes glven grueat
difficulty. Whenever possible an attempt has been made to
correct obvious aerrors, such as records from rodents tobally
unknown 1ln the given localilty. In a few reports, howevor,
the name listad is 1little more than an informed ¢uess, The
names oI some of the rodents have been chengsd over the period
covered; as far as pogsible the generally accepted modern
namo has been substituted, Subspecies have largely bsen
omitted becausse 1in so many groups the euthoritios are not in
agreament, Speciflc names are those used by Ellerman (19210,
1941) and Rosevear (1953, 1969), Ellsrman's (1941) subgsnera
of African murines which he viewsd ag parts of Rattus and jius
are hers considsrsd to be soparate genara (Rosevear, 1969).
In the higher taxa, Simpson's (1945) classification has besn
followed., The cowmon Engllsh names gilven in the list of
rousnts have been culled from many sources.,

Graat significance cannot bs placed on ths
geogrephical distribublon suggested by some of the collected
regcords; Iin many instances this eppears to beveal the
distribution of protozoologists rather than that of the

parasites themsslves,
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WORLD CHECX-uIST OF THIN SPORVZCA IN THE BLOOD

OF RODEKNTS,

The nuabers efter the namss of the hosts below refer to
the rodents in the host-index in which common-names are givan,
questions of the ldentity of some of the hosts are dilscussad,
and records from each rodsnt ars gathersd togethen.

Class Telosporea

Order Hucoccida
Fam, Hapatdzweidea-

1, Hepatozoon akvduni (Carini ond Macisl, 1915);

Akodon fulizinosus (41), S8o Paulo, Brazil.

2. Hepatozoon alactaguli Brumpt, 1946; ALlactegulus

umilio (87), U.S.S.R. (Sassuchin, 1931),

3. Hepatozoon arvalis (Martoglio, 1913); rodent, Ethiospie,

Hartoglio identified the host as irvicola

(sMicrotus) arvalis, but since this vole does not

occur in Africa, the identification was presumably
a8 mistake, Brumpt (1946) suggested Martoglio!'s

rodent was Arvicanthis abyssinicus (=4, niloticus),

and his parasite the sams as H, arvicenthils Schwetz

and Collart, 1930,
Lavier (1921) raported a haemogregarins which he

considersd as H. arvalis in an undoubted HMierotus

arvalis collectad in Francse. Srumpt (1946}
recognised Laviert!s paragite as now, and namsd 1t

H., lavierl.




10,

11,

EQRHUOZOOL.QEy@QQchiS Schweiz and Collart, 1930;

Arvicanthiis niloticus (64), Democratic Republic of

the Congo.

Hapatozeoon arvicclae Brumpt, 1946; Microtus montebellul

&
(82) Japan (Miyairi, 193Z}.

Hepatozoon balfouri (Laveran, 1905); Jaculus gordoni (84]

Sudan (Balfour, 1905, 19806); J, oricntalis (85},

Tunisia (Laveran, 1905), Egypt (Hoogstraal, 1961);
J. Jaculus (86) Sudan (Balfour 1905, 1906), Egypt

(Hoogstraal, 1961; Furman, 1966),

Hepatozoon citellicolum (Werlman and Wherry, 1910};

Citellus beecheyi (32), U.S5.h.

Hepatozoon criceti NOller, 1912; Cricetus cricetus (44)

Austria.

Hepatozoon cricotomys Brumpt, 1946; Cricestomys gambienus

(79) Bambill, Democratic Republic of the Congo
(Rodhain, 1915},

Hepatozoon dendromysi Brumpt, 1946; Dendromus ?insignis

(80) Tanzania (Kleins, 1910).

Hepatozoon epsteini Kekabadzs and Sassuchin, 1969;

"groy rats¥, Sukhumi, e, shore of Black Sea, U.S5.3.R,
From the description of this parasite, 1t seems
certain it 1s differsnt from the widssprsad specias,

H. mauris, a parasite of Rattus spp.



12,

13.
14,
15,
16,

17.

18.

19.

20.

Hepatazoon erhardovae Krampiltz, 1964; Clethrionoiys

glarsslus (45) England (Jacobs, 1953; Baker et al.,

1963}, Sweden (Tadros, unpublished), Czechoslovakis

N
(dorna, 19g7), W. Goermony (Krampitz, 1964);
Clethrionomys rutilus (46), W, Germany (Krampitz, 1964).

Hepatozoon funambuli (Patton, 1906); Funambulus ponnenti

(7), India.
Hopatozoon gerbilli (Christophers, 1905); Tatera indica

{(55), India,

Hepatozoon gotulua Sergent, 1921; 4itlantoxerus gebulus

(26), Tunisia,

Hepatozoon griseisciuri Clerk, 19£2; Sciurus carolinensis

(1), ¥erylend, U.5.4. (Herman and Price, 1954; Clark,l950)
b4

Hepatozoon groasmysi Brunpt, 1946; Graomys medius (12)
Argentine (Romafln, 1945}  Brumpt misspelt the generic
namg of the.fodonf "Groamys", and perpetuated the error
in the speclfic namae of the parasite, |

Hepatozoon lavieri Brumpt, 1946; ‘Midrotus arvalis (50), *

v
France (Lavier, 1921), Czechoslovakia (Cernz, 1957),
Lustrie, (Krampitz, 1964).

Hepatozoon lugitanicum Néjera-Angulo, 1937;> Elionys

gusrnicus (£2) Spain.

Hepétozaon meraschkowskii Tertakowsky, 19133 Cltellus

guttatus (33), C. musicus (34), U.S5.5.R.



21, Hopatozoon microti (Coles, 1914); liicrotus agrestis (49)

Englond (Coles, 1914; Jacobs, 1953), Gorinany
\/
(Krampitz, 1964), Czechoslovakia (Cerna, 1957).

22, Hepatuzoon muris (3alfour, 1905); Rattus norvegicus (68)

R. rattus (69},

As thess rats have moved around the world in the
company of man, their perasites have moved with thomj
early records were listed by Kusama et al., (1919),
and more recently Krampitz (1964) published a nap
showing 39 localities in Europs, hsia, ALustralasia
and N. and S. americe Ifrom which H. muris has been
raported 1n Rattus. The common identity of the

heemogregarines of R. norvegicus and R, rattus has

not been confirmed by transmission experlments in the
laboratory.

23. Hepetozoon musculi (Porter, 1908); Mus musculus (76),

England (Porter, 1908), Italy (Sangiorgi, 1912),
U,.5.8.R: (Yakimoff and Schokhor, 1917}.

24. Hepstozoon pitymysi Splendore, 1920; Pitymys savii (48)

Italy (Splendore, 1920), Sicily (Krampitz 1957].
Loviert's (1921) suggestion that the hasmogregarines

of M. arvalis and F. savii were the same 1s not

supported by raecent work of Krampitz (1964}, who
demonstrated a mapked host restriction of a
haemogregarine of voles, Kraapitz'!s work raises the

interesting possibility that haemogregarines of voles



25, .

26,

27.

28.

29,

30.

31.
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are oimiler to the large zroup of lewisi-like
trypanusomes which are morphologically dndistingulshable
bﬁt whizh exhibit a strong hostrstriction (see
Molynsux, 1969).

Hepatozoon plicatum (Martoglio, 1913); rodent ?, Ethiopla

The host of H, plicetum was ldentified as a marmot

(Arctomls (=ilarmota ) mermota) a rodent which is abscnt

from Africa, Brumpt (1946) suggested the host was =
hyrax mistaken for a rodent.

Hopatozoon sciuri (Coles, 1914); Scilurus vulgaris (5)

England (Coles, 1914), China (Wauck, 1927), italy
(francini,. 19329, central ahd, southérn Burops (Krampitz

Hepatozoon sylvatici (Coles 1914}; Apodemus sylvaticus

(60) England (Coles; 1914); W, Cermany (Xpampitz, 1964}

* France (Rioux and Golvan, 1969); Apodemus flavicollis

(59) central and southern Europe (Krampitz, 1964).

Hepatozoon sp. Bruce-Chwatt and Gilbson (unpublished);

Hybomys trivurgatus (67}, Agege, W. Nigeria,

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

Praomys tullbergi (73) Ilobi, W, Nigeria,

Hepatozoun sp. Dasgupta, 1965; Petaurista magnificus (36),

Dar Jeeling, India.

Hepatozoon sp, Kleine, 1910; :ylomys dybowskil (63)

Tanzania,



2.

33,

3%,

35.

36.

37.

38.

39.

40,

41,

Hepnatozoon rp, Kranpbiz, 10645 Mierobus osgonomus

(53}, contral znd southern Europe,

Hepatozoon sp. Lainson (uRpublished}; Holochilus

bragiliensis (43), Brazil,

Hepatozoon sp. Lainson (unpublished); Oryzomys capito

(40, Brezil,

Hepatozoon sp. Landeu (unpublished); Hybomys univittatus

(66), Central African Republic,

Hepatozoon sp. Landau (unpublished); Xerus rutilus (30)

Omo Velley, Ethiopia,

Hepatozoon sp, Letyshev, 1929; ieriones Qrythrourus (56)

Murgeb Valley, Turkmenia, U.3.3.R,

Hepatozoon sp, Latyshev, 1942; Spermophilopsis

leptodactylus (31), Murgab Valley, Turkmonis, U,S.S5.R,

Hepatozoon sp. (Léger, 1922); Xerus erythropus (29)

Republic of Sensgal,

Hepatozoon sp. Rodheain, Pons, Vandenbranden and Bequzert,

19135 rodent (sse note in the host-index under Fam,
Dipodidae ), Sanklsia, Democratic Republic of the Congo,
Pam, Plasmodiidas

rlasmodium enomaluri Pringle, 1960; Anomelurus frasari (39)

Chemka, Tanzania,

Plasmodium atheruri van den Berghe, Pescl, Charddme and

Lambrecht, 1988, Atherurus africanus, (88) Brazzaville,

Republic of Congo (Languillon, 1957; Landau st al.
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47.

4:8 .
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19397, Teangi ¥orsst, Democratic Republic of the
GCongo (vae dan Berghe et al,, 1958),

Plasmodium berghel borghai Vincke and Lips, 1948;

Thamnomys surdaster (62), Praomys jackonsi (72},

weggada bella (77), Katanga, Democratic Republic of

T . ™ 5 Wt e

-~

the Congo (Vincke and Lips, 1948; Vincke, 1954;
Yogli gt 2l., 1965; Bafort et al., 1968),

Plasmodium berghei killicki Landau, Michel and iLdem, 1968;

Thamnomys rutilans (61), Brazzavills, Republic of the

Congo (hdam et al., 1966)

Plasmodiwn berghal yoelii Landaw and Killick-Ksndrick 1966,

Thamnomys rutilens (61), la ilaboké, Central hfrican

Republic (sandau and Chebaud, 1965]).

Plagmodiwmn berghoi ssp. indet. Killick-Kendrick, Shute and

Lambo, 1968; Thamnomys rubilans (61), Ilobi, W,

Nigeria.

Plasmodium booliati Sandosham, Yap and Omar, 1965;

Pstauriste pstaurista (37), HMalaysia (Sandoshamm et.al.,

1965), possibly Tailwan (Garnham, 1966, p. 511).

Plasmodium vinckel chabaudi Landau, 1965; Thamnonys

rutilans (61}, la Maboké, Central ALfrica Republic
(Lendau, 1965; Landau and Chabaud, 1965),

This parasite was first named P. chabaudi but later

placed as a subspscies of P, vinckei (Bafort, 1968).

Plagmodiwin vinckei ssp. indet, Ldam, wandau end Chabaud,

19663 Thaamnomys rutilans (61}, Srazzaville, Republic

of Congo,
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surdagter (?) (62), Democratic Republic of the Congo.

50. Plasmodium vinckel vinokei Rodhain, 1952; Thamnomys

Y, v, vinckul has bever been found in a rodent,

and 1s known only by two isolations from the mosquito

Lnopheles dureni inillecampsi (Rodhain, 1952; 3afort,

1967). Since A, d, millecampsi appsars to fesd

exclusively on podents (¢illes and de ileillon, 1968),
therag is no doubt that the natural vertsbrate host is
a sylvatic rodsent in the forest galleries of Katanga,

and the most likely animal is T, surdagter.

51, Plasmodium vinckel ssp., indet. Bruce~Chwatt and Gibson,

1959; Praomys tullbergl (73), (Bruce-Chwatt and Gibson

1955; Thammomys rutilens (61), (Xillick-Kendrick

et.al,, 1968), Ilobi, W, Higeria,

4 third of the T, rutilans in this locality ware

found to be infected with P, vinckel ssp., whereas only

one out of 1,038 Pradgys was infected, This suggests
either that the single infected Praomys was &
misidentified Themnoinys, or that the discovers
stumb.ed upon a Preoays Wiﬁh a very rare accldental
infeetion of =a paraéite of Thamnomys,

52, Plasmodium watteni Lien and Cross, 1968; Petaurista

petaurista grandis (38), Tesiwan,

53, Heopatocystis rayi Tokura and Wu, 1961; Petaurista

inornatus (35), Mukteswar, India (Ray, 1949);

P. Ql grandis (38), Taiwan (Tokura and Wu, 1961j
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Manwoll and Kuntz, 19663 Lien and Cruss, 1l96uj;

P, magnificus (36), Darjeeling, India (Dasgupta, 1965,

1867)

A now monospecific genus, Rayolla, Dasgupta, 1967,
was crceated to accomnodate thils parasite of giant
flying squirrels. The new genus was said %o diffor

from Hapatocystis by the morphology of the tissus

stages, which wero dsscribed as groups of small cystic

schizonts, Hepatocystis is divided into spscics
s
largely on ths b%es of ths morphology of the asexual

stages in the tissues (CGarnham, 1966}, and it is
doubtful if the separation of Rayella solely on this
charaecter will bs genesrally accepted, ~nethen
recently reported difference, however, is the
unusually long tiie nscessary for the exflagsllation
of H. rayi (8 mins) (Dasgupta and Chatterjes, 1969}
which contrasts sharply with ﬁhe characteristically

short time (2 ming} of other species of Hepatocystis

(Garnham, 1966, p. 21). Until the complete life-
cycle of H, rayl is known, it 1s perhaps best to

regard Rayella as a synonymn of Hepatocystis.,

54, Hapatocystis vassali maleyensis Fisld and Edeson, ,1950;

Sciurus vittatus (4} (Green, 1932); Callosciurus

notatus (22), C. tenuis (24) G. nigrovittatus (21),

C, caniceps (12) (Fisld and Edeson, 1950); Ratufa ssp
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(11) Callozciurus spp. (26)6&harton ot al,, 1v63); '

Malaysia,

55, Hepatocystils vagsall ratufaa (Donovan, 1920); Ratufa

indica (2) India (Donoven, 1920); R, bicolor glgantea

(8), Thailand (Coatnsy et al,, 1960); R. macrours (10)

Ceylon (Dissanailke, 1963}.

56. Hepatocystls vassali vagsali (Laveran, 1905); (Cellosciurus

vittatus (25) (Vassal, 1905); Sciurus griseimanus (2)

(Laveran, 19053 Vassal, 1905, 1907), Sciurus sp. indet.

P
(6) (Vassal, 1907); C. flavimanus (18), (van Jfesnen

8t al,, 1968), Vietnam; C, macclellandii kongoensis

(19), C. finlaysoni (17), Thailand (Coatney ¢t al.,

1960).

57. Hepatocystls vassalli yokogawai Wu, 19563; Callosciurus

erythrasus roberti (14), C. e. centralis (13), (WVu,

1953; Manwell and Kuntz, 1966), C. o, thaiwanensis

(18), C., macclellandii ssp. indet (20) (Wu, 1953},

C. srythrasus ssp. indet, (16), (Manwell and Kuntz
1966), Taiwan.

58, Hepatocystils vassall ssp. indet; Callosciurus pravostl

(23), S, stramineus grayanus {(3), London Zoo (Scott,

1927; Hamerton, 1930, 1931, 1941),

59. Hepatocystis sp. indet, Dunn, Lim and Yap, 1968;

Rhizomys sumetrensis (57), Lariscus insignis (27),

iMalaysis,

]
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Lapiscus is a squirrel, and thse rars infeotions

roported by Dunn gt al.,l968) may be H., v, malayensis

in a new host, Rhizomys is myomorph, and 1t is

unlikely that the species of Hepatocystis found in

thils animel is the same as that of Larigcus,
Class Piroplasmaa
Order Piroplasmida
Fam, Babegiidae

60. Babesia arvicularis Wemyon, 1909; Lemniscomys barbarus

(65) Sudan.

61, 3abesia cobayae (iacfie, 1914); Cavia porcellus (8%),

Nigeria,

This parasite, first named Paraplagma cobeyase,

was found in laboratory guinea-pigs., The
illustretions in #Macfie's (191l4) peper show a
piroplasm-likes body, with a red nucleus eand compact
blus oytoplasia, lying in e stippled erythrooyte.
The lack of further records in sush a commonly
examined animal is puzzlinzg, In the same paper,

Macfie describes PRareplasma flavigenum from the same

host, At the time, there was much interest in this
so-called parasite becesuse it had been claimed it was
the causative organism of yellow fever, Wenyon and
Low (1912 ) showed that these very tiny bodies were

not trus pa rasitsess, and caused no diseasse, While



tho description of Jr, cobayaa 1s sufficiently

convinciny for it to be Inecluded here, The
stippling of the 1infected cell is a most unugual
feature for a piroplasim,

n
62. Babasia decunnai (Macfle, 1915); Rattus porvegicus (68)

Ghana,

63. Babesia golundas (Ldger and Bédier, 1923); Mylomys

dybowskii (63), Sensgal.

64. Babasia microti (Frange, 1912); iiicrotus incertus (51)

Portugal (Franga, 1912); hArvicola amphibius (47),

(Colas, 1914); Mictobus agrestis (49), (Colaes, 191l4;

Beker et.al,,1963; Shortt and Blackie, 1965),

Apodemus sylvaticus (60) (Coles, 1914; Jacobs, 1953;

Shortt and Blackis, 1965), Clethrionomys zlareolus

(45) (Jacobs, 1953; Shortt and Blackis, 1965),
England.,

This parasite wes also named Smithia microtia

Francg 1912, Nuttalia muris, Coles, 1914, and

Nuttalis microti, Colesg, 1914, In a laboratory study

2f the course of infection of strains from several
English hosts, Shortt and Blackie (1965) found no
differencas in infectivity or morphology. Thoere is
thus good evidsence that ths piroplasm of small
rodents 1n England is represented by the single

gspecies B, microti,




65“

66 .

67.

68.

Babesia myoxi (Franchini, 1924};

Babesla muris (Fantham, 1906); Rabttus norvogicus (68)

Ergland,

This parasite was seen in thres laboratory white
rats., It ssemg possible that the infection wag
acquired from arthropods in ths bedding of the cago,

and the parasitse may have been Babesila microti, the

comnon piroplagin of British small mammals, If this

2 1d

were so, bthe name muris would have priority over mlcroit

Muscardinus gvellanarius

Babesia quadrigsmine (Nicolls, 1907);

(81), Italy,

Ctenodactylus gundl

(91), Tunisia,
The genus Nicollia Nuttal, 1908 was created to
accomnodate this species, Nuttal and Graham-Smith

(1908 ) compared its division in the blood with

that of other piroplasms, and concluded that 1t was

correctly placed in a now genus, Wenyon (1926) did

not agrag and, more recently, Nietz (1956) listed

Nicollia as a synonym of Babesia.

Babesia ratti Schewtz and Collart, 1930; Arvicanthis

niloticus (64}, Mastomys coucha (71), Democratic

Republic of the Congo.

The discoverers of this parasite thought 1t was

possibly the sams as B, decumani iMacfie, 1915 and

B, avicularis Wenyon, 1209,

»
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69. Babesia qigqt}eti' (Loger und Bédier, 1922); Cwvaphlurus

murinu: (83}, Sensgal,

B. rigolletl- was first named as a Plasmodium,

Wenyon (1926) noted the lack of pigment, and Bray
(1964) reforrud 1t to the genus Babesia,

79. 3abesia rodhaini van den Berghe, Vincke, Charddme and van

den Bucke,1950, Thamnomys surdester (62), Xatanza,

Democratic Republic of the Congo,
7l. Babesia rossica (Yakimoff and Saphronowiteh, 1917); voles,

(54), Seratow and Transcaucasia, U,S3.S.R.

This was first describec as Theileria, but thers

was no real evidence 1t belonged to this genus
(lienyon, 1926).

72. Babesia taterilli (Rousselot, 1953); Taterillus gracilis

(56), Republic of Mali,

73. Babesia sp. Adam and Lendau (unpublished); Praomys

jacksoni (72) Brazzaville, Republic of Congo.

74 . Babesia gp. Ldam and Landau (unpublished); Thryonomys

swinderianus (90), Brezzaville, Republic of Congo,

75. Bebesia sp. Bafort, 1969; Hylomyscus sp., indet. (75),

Kinshasa, Katanga, Dsmoncratic Republic of Gongo,

76 . Babesia sp. Bray, 1967; Thryonomys swinderianus (90)

Liberie,
77 . Babegia sp. Bruce, Harvey, Hamerton, Davey and 3ruce, l915;

"aedible rat", (ses 79) Malawi.



78,

79.

80,

8l.

82.

83.

85.
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Babaosia sp. Sruce-Chwatt and Glbson, 1955} Thryonomys

swinderianus (90). Ilobi and Agege, W. UNigaria,

The piroplasm in Nigerian Thryonomys differs

from the one found in the sams host in Liberia (Bray
1964).

Babesie sp. Bruce-Chwatt and Glbson, 1955; Preoiys
tullbergli (73}, Ilobi and iLgege, W, Nigeria,

Babesle sp. druce-Chwatt and Gibson (unpublished);

Stochomys longicaudatus (74), Agege, W. Nigeria,

Bavesia sp. Bruce-Chwatt and Gibson (unpublished);

Cricetomys gambianus (79) hLgege, W, Nigeria,

Babesia sp. Cunders (sray, 1964); Praomys tullbergl (73)

Liberila,

Babuesia sp. Landau (unpublished); Praomys jackeoni (72)

Central African Republic,

It seems likely that the piroplasms of Praomys in
Nigeria, Liberia, Brazzaville and the Central African
Republiec are all one specias,

Babesia sp. Landau (unpublished); Hybomys univittatus (66}

Central Lfricen Republic,

Fam, Dactylosomidae

Lnthemosoma garnhami Landau, Boulard and Houln, 1969;

hcomys percivall (78), Omo Valley, Ethiopia,
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SPOROZIL
The numbers after ths names of the paresites refer to the
check-lisg in which the 1ldentibty of some of the parasites is

discusssd, and the localities and sources ars givan,

SCIUROMORPEL
Fam, Sciuridae (squirrels)
Subfam, Sciurinae (ground and bree squirrels
Tribe Sciurini (Buropesan and fLmericen trss squirrals)

1. Scilurus carolinensis (grey squirrsl)

Hopetozoon griseisciuri (16) W*

2. Sclurus grise¢imanug

Hopatceystis vassall vassali (56)

S Sciurus stramineus grayanus

-

Hepatocystis vassali ssp. indst. (58)

4. Sciurus vittatus (red squirrsl)

Hepatocystis vassali melayensis (54)

5. Sciurus vulgaris (red squirrel)

Hepatozoon sciurl W (26)

6. Sciurus gp. indst.

Hepatocystis vassalil vassali (56)

Tribe Funambulini (African tres squirrels and
allied Asian gensra)

7. Funambulus pennanti (palmn squirrel)

Hopatozoon funambuli W, (13)

* In white blood cells.,



10.

11,

12.

13.

15,

16.

210

Ratufa bilcolor gigantea (glent squirrel}

Hopatocystis vasseli ratufae (55)

Ratuf'a indica

Hepatocystis vagsall ratufes (F5)

Roatufa macproura

Hopatocystis vassall ratufae (55)

Ratufa spp.

Hepatocystis vassall malayensis (54)

Iribe Callosclurini (Oriental trse squirrels)
Bllerman (1940) recognised 320 forms of

Callosciurus, the largest genus of this tribe,

Recognition is difficult, and it is quite possible
that in some early rscords the host was wrongly
ldentified.

Callosciurus canicaeps (forest squirrel)

Hepatocystis vassali malayensis (54

Callosciurus erythrasus centralis (Central Formosan red-

bellied squirrel) Hepatocystis vassali yokogawail (57)

Callosciurus erythrasus roberti (North Formosan red-

bellied squirrel) Hepatocystis vassali yokogawal (57)

Callosciurus erythrasus thaiwanensis

Hepatocystis vassali yokogawai (57)

Callogciurus erythrasus ssp.indet,

Hepatocystis vassalil yokogawai (57)




17,

18.

19.

20,

21,

22.

25‘

24,

25.

26.

27,

Callosciurus finlaysoni (tree squirrel)

Hopatocystis vassali vassali (56)

Callosciurus flavimanus

Hepatocystis vassali vagsali (56)

Callosciurus macclellandii kongoensis (striped tres squirrael.

Hepatocystis vassali vassali (56)

Callosciurus macclellandii ssp. indet.

Hepatocystis vassall yokogawai (57)

Cailosciurus nigrovittatus (black-striped squirrel)

Hepatocystis vasgsall malayensis (54)

Calliosciurus notatus (comnon MMalay plantaln squirrel)

Hopatocystis vassali mmlayensis (54)

Callosciurus prevosti

Hepatocystis vassali ssp. indet, (58)

Callogciurus tenuis (slender squirrel)

Hepatocystis vassali malaysensis (54)

Callogciurus vitbatus (stripsd squirrsl})

Hepatocystis vessali vassali (56)

Callusciurus spp.

Hepatocystis vassali malayensis (54}

Larigscus ingignis (tree squirrel)

Hepatocystis sp. indet. (59)

This is probably H, v, malaysnsis (54)




28.

29.

39,

3l.

32,

33.

35.

36.

37.

Do
=9
|2

Tribe Xerini (African ground squirrels)

Atlonoxerus getulus (Barbary ground syuirrel)

Hepatozoon getulum (15)

Xerug arythropus (red-legged ground squirrel)

Hepatozuon sp. Léger, 1922 (3)

Xerus rubtilusg

Hopatozoon sp. Landau (36}

Tribe Xerini incertase sedis

Spermophilopsis leptodactylus (ground squirrel)

Hepatozoon sp,., satyshev, 1949 (33)

Citellus beecheyi (gopher)

Hepatozoon citellicolum (7)

Citellus guttatus (ground squirrel)

Hepatozoon meroschkowskii W, (20)

Citellus musicus (ground squirrel)

Hepatozoon mereschkowskii W. (20)

Subfam, Petauristinae (flying squirrels)

Petaurigta inornatus (£lying squirrsl)

Hepatocystis rayi (53)

Petaurista magnificus (Himelayen flying squirrel)

Hepatocystis rayi (53)

Hepatozoon sp. Dasgupta, 1965 W, (30)

rebaurista petaurista (giant flying squirrel)

Plagsmodium booliati (4%7)




38. Petaurigta petaurista grandis

Hepatocystis rayi (53)

Plasmodiwn watteni (52)

SCIUROQ4ORPHA incertas sedig

Fam, Anomaluridse
Subfam. Anomalurinse

39. Anomalurus fraseri (scaly tailed squirrel)

Plagmodium anomaluri (41)

This parasite, or o new speciss of Plagmodium

or Hepatocystis may occur in Wegt Africa, Ths wrlter

found wadoubted malaria pigment in sections of

enlarged splesns of two Anomalupus peli and s smallgr

flying squirrel, possibly Anomalurops bescrofti,

collected by Mr. ?., Hunkeler of the Centre Suisse ds
Rechérches Scientifigue in the Ivory Coast; the

collectibns were made at Bolo, 50 ki, from Gallandra.

¥MYGLiORPHA
Feam, Cricetidae
Subfamm, Cricetinae
Tribe Hespermyini (New World mice)

40, Oryzomys capito (rice rat)

Hepatozoon sp, Lainson W, (39)

41, Lkodon fuliginosus (vols mouse)

Hepatozoon akodoni W, (1)
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242, QGraomys medius

Haopatozoon groamysi (17)

Thy specific name of this hasmogregarine 1s from
an errongous spelling of Greomys (Brumpt, 1946}

43, Holochilus bragilisnsis

Hopatozoon sp, Lainson W. (33)

Tribe Cricentini (hamsters)

4, Cricetus cricetus

Hepatozoon criceti W, (&)

C, frumentarius, the name of the host of

H. criceti, in the originel record, is a synonym of

C. cricetus (Ellerman, 1941)

Tribe Microtini (voles)

D
o1

Clsthrionomys glarsolus (bank vole’}

Hepatozoon erhardovae W, (12)

Babesia microti (64)

46, Clothrionomys rutilus

Hepatozoon erhardovas W, (12)

4%7. Arvicola amphibius (water vole)

Babesia microti (64)

Southern (1964) discusses the naming of the four
Buropean water voles.

48, Pitymys savii (pine mouss)

Hepatozoon pity.ysi W, (24)




49, MWlepotus agrestis (short-tailed field vole)

Hepat.zoon microtl W, (21)

Babesia microti

50, Wicrotus arvalis

Hepatozoon lavieri W, (13)

Another species of Hepatozoon, H., arvalis (3) was

reported from an Ethioplan rodent wrongly identified

as M, arvalis (Martoglio, 1913}, The trus identity of

the host will never now be known with certainty, but

it was possibly irvicanthis niloticus (syn. u.

abyssinicus), (3rumpt, 1946}.

51. Mlerotus incertus

dabesia microti (64)

52. uicrotus montebellol

Hepatozoon arvicolas (5)

The host of thils parasite found by Miyairi (1932)

in Japan was given as Arvicole hatengumi. Arvicola is

absent from Japan (Ellerman, 1941}, and no reference

to the specific epithet "hatengumi sppears in

Ellerman's comprehensive lists., It seoms likely that

the host was i, montebelloi, the only Japansse vole

Ellerman gives,

53. Hilcrotus osconomus

Hepatozoon sp, Kramptiz, 1964 (32)




54. 2 Mlcrotus sp. 22'.;'7

Babogla rossica (71)

The host wag described simply as "le ceampagnol!

(Yakimoff and Saphronowitsch 1917),

Subfam, Gerbillinas (gerbils, sand-rats, antelopes rats)

55. Tatera indica (Indian gerbil)

Hepatozoon gerbilli R* (12)

56. Taterillus gracilis (slender gerbil)

Babesila taterilli (72)

The host of this record from Mali was given as

Tatera emini, a rodsnt which 1is not found in West

Africa, The gerbil most likely to have bsen collected

in Mali is Taterillus gracilis (sse Rosevear, 1969).

57. Merionss erythrourus (gerbil)

Hepatozoon sp. Letyshev, 1949 (37}

Latyshev (1949) called the host i, libycus, a

predominantly N, ALfrican spscics with many forms,
Since the report was from the U,5.5.R., it scems

better to assign the host to M. erythrourus, a closely

ralated rodent with a wide distribution in that
country. The group is, however, difficult and the

avthopities give no clear zulde; poussibly serythrourus

and libycus are distincs, although 1t has been

suggested that erybthrourus and 1ts races may represent

subspeciocs of libycus (Ellermen, 1940}.

* In red blood cells



58.

59.

60,

6l,

62.

Fam, Rhizomyldee (bamboo rats)

Rhizomys sumatrensis

Hopatocystis sp. Dunn et al,, 1968 (59)

Pam, Muridae
Suhfam, Murinae (014 World rats and mice)

hkpodemus flavicollis (yellow-necked mouse)

Hepatozoon sylvatlci W, (271}

Lipodemus sylvaticus (long-tailed fisld mouse)

Hepatozoon sylvatici W, (27)

Babasia microti (64)

Thamnomys rutilans (shining thicket rat)

Plasmodiumfberghei yoslii (45)

P. b, killicki (a4}

P. berghel ssp. Killick-Kendrick et.al., 1968 (46)

P. vinckei chabaudi (48)

P. vinckel ssp. 4dam et al., 1966 (49)

P, vinckel ssp. Bruce~-Chwatt and Gibgon, 1955 (51)

Themnomys surdastor (thicket rat)

Plasmodium berghei berghei (43)

? P, vinekael vinckei (61}

Bebesia rodhaini (70}

When the rodent taxonomists have rsached agreement,

this rodent may becume known ag Grammomys surdaster,




63. Mylomys dybowskil (3 toed grass rat)

Bebesia golundae (63)

Hopatozoon sp, Kleinse 1910 W, (31)

The host of B, goluncdas from Sencgal was given o8

Golunda campanae (Léger and Bddier, 1923), but this

genus 1s an Indlan one, and 1t seems probable that the
Infected rodent was an Lfrican groove-toothed swamp rat
related to Golunda., It is most likely it was confused

with an Angolan species, Pelomys campanas, ALlthough

modurn authorities are not in agreement (ses Rosavear
1969), relomys 1s generally considered to be absent
from West Africa, where closely related forms are now
placed in Mylomys . This is probably a monospscific
genus, and o tentetive identification of the host of

B, golundae is thersfore Mylomys dybowskii rather than

Pelomys campanae as suggested by Bray (1964). A4n

objection to this identification is the appasrent
absence of iylcumys 1in Senegal, Bub determined
brapping almost anywhere in Africa typlcally extends
the known range of many species, and it 1s unllkely
that the genus is absent from that country.

The host of Hepatuzoon sp.Kleine, 1910 was

misidentified as Pseudomys cunninghami, Pseudomys

is an Australeslan genus (Simpson, 1945), and the

rodent was probably "uylomys cuninghamell now a synonym
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of ¥, dybowskii (Rosevear, 1969),

64. Arvicanthis niloticus (harsh-~furred rat)

Heopatozoon crvicanthis W (4)

Babesia ratti (68)

The host 1s referred from 4. abyssinicus rubescens

to 4., niloticus which Rosevear (1969] suggests 1s the

only species in the genus. ZEBarlier, Ellermen (1941)
considered there was little essential difference

between the desoribed distinct species of Arvicanthis.

Martoglio(s (1913) record of Hepatozoon arvalis (3)

in a rodent in Ethiople, mistaken for Microtus arvalis,

was possibly from e misldentified Arvicanthis (Brumpt

1946},

65, Lemniscomys barbarusg

Babesia arvicularis (60}

Wenyon (1909) recordsd B, arviculapris in Arvicanthis

zabra from the Sudan, Ellerman (1941) does ndb list

zebra as a forin of Arvicanthis, and it is probable that

Wenyon's rodent was Lemniscomys barbarus zebra.

wemniscomys 1is closely allied to 4Lrvicenthis, and their

separate identities wers not fully appreciated until

the name Lemniscomys was resurrected in 1916 (Rogeveap

1969). A4s two forms of L, barbarus other than zebra are

known from the Sudan, the record 1s best left with the

subspeciss undstermined.



66,

67.

6€.

69'

70,

71,

2.

Hybomys univittatus (one-stripsd rat)

Hopatozoon sp. Landau W, (35)

Bobesia sp, Landau (84)

Hybomys trivirgetus (three-stripsd rat)

Hspatozoon sp. Bruece-~Chwatt and Gibson (28)

Rattus norvegicus (brown rat)

Hepatozoon muris W, (22)

Babesla decumani (62)

Babesia muris (65}

‘Rattus rattus (black rat)

Hepatozoon muris W. (22)

Rattus sp. ("grey rats")

Hepatozoon epsteini (11)

Magstomys coucha (multi-mommate rat)-

Babesla ratti (68)

The identiflcation of this host cannot be accepted
without gquestion, The record is from the Congo and the

host was given as i, ugandae, now a subspecises of

M. coucha (Ellerman, 1941), Mastomys 1is, howsver,
easily confused with Praomys, & common host of
piroplasms (ses nos, 72 and 73 below}.

Proaomys Jacksoni

Plasmodium berghei berghei (43)

Babesia sp. Landau (83)

Babegia sp. adam and Landau (73)

D
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4.

75.

76 .

Fraomys tullbergl

Plagmodium vinckei ssp., indet. (51)

Babesla sp. Bruce-Chwatt and Gibson, 1955 (79)
Babesia sp. Gunders (82)

Stochomys longicaudatus

Babegia sp. druce-Chwatt and Gibson (80}

Hylomyscus sp. indet.

Babesia sp. Bafort, 1969 (75)

Mus musculus (house mouseg’

Hepatozoon muscull W, (23)

an unnamed piroplasim was recorded by Bruce et.al.

(1911) in a white laboratory mouse (Mus musculus)

in unusual circumstances, Ths mouse was teing used
for the maintenance of a strain of gpirochastes
isolated from the blood of a bushbuck, Seven days
after an inoculation of infected mouse blood, a
recipient mouse was found to be infected not only
with the spirochaete, but elso with a piroplasm which
was seen on four successive days; there was then a
spontansous cure, The most likely explanation of this
record is that the piroplasin was a parasite of the
bushbuck and, most intersstingly, that the concomitant
infection with a spirochaste resulted in the piroplasm

gaining a8 temporary foothold in an abnormal host.
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78.

79.

80.

8l.

82,

Legiada belle (pygmy mouse )

Plasmodium berghaei berghei (43)

Acomys percivali (spiny mousas)

Anthemosoms garnhami (85)

Cricetomys gambianus (glant rat)

Hepatozoon cricetomysi R. (9}

Babesia sp. Bruce-Chwatt and Gibson (21}

Bruce et al,, (1915) published a painting
piroplasm of an "edlble rat”, Many African

eaten, but perhaps none more enjoyed than C,

of a

rats are

sambianus .,

Possibly Bruce's unnamed parasite from Malawil was from

this rodent.

Subfam, Dendromurinae (Lfrican tree mice)

Dendromus ?insignis

Hepatozoon dendromysi R. (10)

Pam, Gliridas
Subfam, Glirinas (dormice)

Muscardinus avellanarius (European dormouse)

Bebegia myoxl (66)

Eliomys quernicus

Hepatozoon lugitanicum (19)

T
S

This hasemogregarine was reported from E, lusitanicum

then thought to differ from E, quernicus bubt now

reduced t0 a subspecies of the latter (Ellerman, 1941),
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Subfam, Graphlurinae (African dormice)

€3, QCGraphiurus murinus

Babasla rigolleti (68)

The host of B, rigolleti was originally called

Myoxus murinus, now a synonym of G, murinus (Rosevear,

1969). Bray (1964) assumsd G. murinus wos absent

from West Africe, and inferred the host was probably

¢, huatl, a very large squirrel-like dormouse unlikely

to havae besen migsidentified,

Fam., Dipodidae (jerboas)

Subfam, Dipodinae

A record by Rodheain st al,, (1913) of Hepatozoon

Sp. in the erythrocytes of a dipodine("Jaculus -
?johnstoni") from Senkisia in the Democratic Republic
of the Congo was probebly from a wrongly identified
host. Tho distribution of Jaculus does not extend fer
south of the Sahara desert (Ellerman, 1940), and 1t is
not possibls now even to guess which was the rodent
examined,

84, Jaculus gordoni

Hepetozoon balfouri R, (6)

85, Jaculus orientalis (greater Egyptian jerboa)

Hepatozoon balfouri R. (6)

86, dJaculus Jaculus (lesser Egyptian Jerboa)

Hepatozoon balfouri R, (8)




87, A4lactagulus pumilio

Hopatozoon alactoguli R, (2)

"i, acontieon" in the original report (Sassuchin

11931} is now a syaonym of 4, puuilio (E8llerman, 1940}

HYSTRICO:MORPHA
Pem, Hystricidae (0ld World porcupines)
Subfain, Atherurinae (brush-tailed porcupines)

88. Atherurus africanus (brush-tailed porcupine)

Plasmodilum atharuri (42)

Pam, Caviidee (guinea-pigs or cavies)
Subfam, Caviinae

89. Cavia porcellus (guinea-pig)

Babesia cobayae (61)

As this infection was found in a laboratory animel
in Nigeria, 1t cannot be considersed as a truly

natural parasite of this Now VYoprld rodent,

Fam, Thryonowmyidae

90, Thryonomys swinderianus (cutting grass)

Babesia sp. Bruce-~Chwatt and Gibson, 1955 (78)
Babesis sp. Bray, 1964 (76)

Babasia sp. 4dam and Landau (74)
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HYSTRICOWORPHA or ulYOMORPHA 1ncertes sedis

Fam, Ctenodactylidaw (gundis)

Ctonodactylus gundi (gundil)

Babegla quadrigemina (67)

4LDDENDUM TO CHECK~LIST

Since thoe check-list was prepared end cross indexed, a

numer of other records have besn found. Thess are:

1.

Hepatozoon sp.Krampltz, Sachs, Schaller and Schindler,1963

Praomys natalensis, Tororo, Ugands

Babesia citoelli Backer and Roundeabush, 1933;

Citellus tridecemlinsatus, Iowa, U.S.i,

Babesia microti (Fraqge, 1912); dicrotus pennsylvanicus,

q
Island of Martha's Vineyard, U.S.A. (Tyzzer, 193%)
New York, U.S.,A. (Kirner, Barbshsnn and Travis, 1958);

Peromyscus californicus, Mlecrobtus californicus, Neatoma

lopida California, U,S.A. (van Peenen and Duncan, 1968},

Babesia wrighti Tomlinson, Smith and Fogg, 1948; Gitellus

varisgatus buckleyi, Texas, U,S,A.

Babesia sp. van Pesnen and Duncan, 1968; Citellus beecheyi

California, U.S.A,
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(Reprinted from Nature, Vol. 220, No. 5163, pp. 191-192,
October 12, 1968)

Primary Exoerythrocytic Schizonts
of a Mammalian Plasmodium as a -
. Source of Gametocytes

IN infections of mammalian malaria induced by sporo-
. zoites, tho first indication of infection in the vertebrate
host ‘is tho presence of exoerythrocytic schizonts in the
parenchymal colls of the liver. After growth for 2-16
days, tho timo varying according to the species of parasite,
each tissue schizont produces several thousand mero-
zoites which, when released into the blood, invade erythro-
eytes. It is generally assumed that there aro then one or
moroe schizogonic cycles in the red blood cells before somo
of the merozoites from tho erythrocytic schizonts grow
into sexual forms, the gametocytes.
The experiments reported here weroe designed to discover
whether or not gametocytes of the murine parasite,
Plasmodium berghei yoelts Landau and Killick-Kendrick,
1968, over dovelop directly from merozoites produced by
the oxoerythrocytic schizonts, with no intervening
schizogony in the blood.
. Subinoculations of heart blood from mice at tlmed
intervals after the intravenous inoculation of sporozoites
of P.b. yoeli have shown that the very earliest time at
* which the blood is infective i3 43 hl:?; at this time,
the most, precocious of the tissue schizonts may rupture,
releasing merozoites into the blood. Because P. berghei
has a quotidian periodicity3, erythrocytic schizonts
doerived from the first merozoites released from the liver
would be expected to mature in the blood about 24 h
later. If the period of development of the gametocytes
is the same as that of the erythrocytic asexual forms,
fully grown gametocytes originating from merozoites
produced by the earliest generation of erythrocytic
schizonts would be in the blood after another 24 h, that
is, 91 h after the inoculation of sporozoites. Unless their
growth takes less than 24 h, mature gametocytes found
before this time can have arisen only from merozoites
-produced by primary exoerythrocytic schizonts in the
liver. Our aim, therefore, was to demonstrate their
presence in the blood of mice within 91 h of the intravenous
inoculation of sporozoites.

. About 400,000 sporozoites of P.b. Joelm (strain 17X)
were inoculated intravenously into each of two. mice
(23A/1 and 23A/2). Forty-six hours later, stained thin
films were prepared from tail blood of the mice at intervals
of 1 h and were examined for gametocytes and mature
schizonts. Batches of Anopheles stephenss were allowed to



feed on mouse 23A/1 72-73 and 75-77 h after the injection
of sporozoites. The mosquitoes were incubated at 24° C,
and midguts were examined for oocysts 6 and 7 days
after the blood nieal.

Very small ring forms were easily found in the blood
of mouse 23A/1 at 46 h and of 23A/2 at 47 h; almost
all the parasites were in blue-staining immature erythro-
‘cytes, and multiple infections were common. A fully
grown macrogametocyte was seen at 69 h (only 26 h (69
less 43) after the first rupture of the tissue schizonts) and
an apparently mature male gametocyte was first seen at
74 h. Both bateches of mosquitoes became infected.
There were surprisingly large numbers of oocysts on some
midguts with, for example, from five to more than three
hundred on the guts of twelve out of nineteen 4. stephensi
in the first group which had taken blood meals 72-73 h
after the inoculation of sporozoites—only 29-30 b after
the presumed first invasion of the blood by merozoites
from the fastest maturing exoerythrocytic schizonts.
Sporogony proceeded normally, with sporozoites invading
the salivary glands of the mosquitoes 10 days after the
blood meal; the sporozoites were shown to be infective
by inoculating mice.

In this first experiment, fully mature schizonts were
not found in the blood until 26 h after the first rupture of
tissue schizonts. In one of a second series of mice in
later work, small numbers of schizonts with sixteen
fully formed merozoites and a large single clump of pig-
ment were seen in a blood film made only 22 h after the.
minimum time of rupture.

In the second experiment, oocysts were found on the

midguts of mosquitoes which had fed at 73-74 h after

the inoculation of sporozoites, but there were none in
mosquitoes fed at 556--56, 61-62 or 67-68 h.

These results show that some of the merozoites produced
by the primary exoerythrocytic schizonts of P.b. yoelit
appear to grow directly into sexyal forms and, moreover,

that the time taken for gametocytes to grow from ring
stages to maturity is approximately the same as that
taken by the asexual forms in the blood. We had calcu-
lated that if gametocytes came only from blood schizonts,
the earliest time that they would be mature in the blood
would be 43 +24+ 24 h. The finding that at least some
of the erythrocytic schizonts took only 22 h to reach
maturity necessitates a revision of this estimate. With a
period of growth of only 22 h for both asexual and sexual
forms, the minimum time is 4 h less than we had originally
estimated, that is, 87 h. The presence of oocysts in mos-
quitoes which were fed only 72-73, 73-74 and 75-77 h
after the inoculation of sporozoites is evidence of the
exoerythrocytic origin of the first gametocytes maturing
in the blood.



In avian malaria, several workers havo noticed tho
simultanecous appearance of gamotocytes and asexual
parasites in- tho blood of experimentally infected birds
‘(sco ref. 4), but the orxgln of the sexual forms has not
been proved by timed feedings of mosquitoes.: Adler and
Tchernomoretz® suppressed tho erythrocytic schizogony
of P. gallinaceum with quinine and found that when the
drug was withheld, somo merozoites from the tissue forms
grew dircetly into gametocytes. Theso merozoites came
from secondary exocrythrocytio schizonts, and it is not
known if gamotoeytes of P. gallinaccum ever arise from
tissuo schizonts of the primary cycle which in avian
malaria occupics two gencrations?.

Our findings demonstrato yet another point of similarity
between the hacmoproteids and the truo malaria parasites,
and are of interest when considering tho evolution of the
haemosporidia.  Thoy also raise the question of the
unknown mechanisms controlling the development of
merozoites into either sexunl or asexual forms. The
growth of gamotocytes from merozoites of the tissuo
schizonts occurred too carly in the infection for it to have
been stimulated by an acquired immunity, and mero-
zoites from either erythrocytic or oxoerythrocytic schizonts
can apparently grow into sexual forms at any time of the
infection in tho vertebrate. The whole process of develop-
ment from tissue schizont to gametocyte, with or without
an intervening erythrocytic schizogony, could well be
viewed as a continuing gametogony controlled by unknown
factors.

R. KILLICK-KENDRICK
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(Reprinted from Nature, Vol. 213, No. 5080, pp. 1048-1049,
March 11, 1967)

Spontaneous Resistance to Chloroquine in
a Strain of Rodent Malaria (Plasmodium
berghei yoelii)

DoriNg an investigation of sporozoito induced infections
of Plasmodirm berghei yoelit in mico, chloroquine was
given in an attempt to climinatoe tho erythrocytic stages
of the parasito. Unoxpoctedly, the parasite failed to
rospond to tho drug. '

TFurther tests have shown that this strain is spon-
taneously as resistant to chloroquine, as are the highly
resistant strains of P. b. berghet which have been arti-
ficially produced in tho laboratory (ref. 2 and unpublished
work of Warhurst).

The carly history of the strain of P. b. yoelit (No. 17X)
hag been given by Londau and Killick-Kendrick!. This
is tho type strain of P, b. yoelit which was isolated by
Landau and Chabsud? in the République Centrafricaine.
in April 1965 from Thamnomys rutilans. The line we have
investigated was derived from mouse 38L (infccted blood,
preserved at —70° C for 6 months) which had been
infected from Anopheles stephensi batch 31 L (ref. 1).
After two further eyclical transmissions, with three inter-
mediate syringe passages, & sub-line was trcated with
chloroquine (15 mg/kg daily oral dose) on November 8,
1965, and found to bo insensitive. After another 6 week
period of low-temperature preservation and fourteen more
cyclical transmissions, with twenty-one intermediaté
syringe passages in mice and rats, another sub-line of the-
strain was subjected to two more syringe passages in
mice, and then tested for chloroquine resistance- on
December 12, 1966. After the strain had been through a
further three passages in mice, another drug test was
carried out on January 2, 1967; tho last drug test.
described in, this note was carried out after three more
mouse t0 mouse passages on January 16, 1967. From
May 1965 to December 1966 strain 17X had been through
fifteen cyclical transmissions and twenty-eight syringe
passages in the laboratory. Other than when sub-lines
were being tested, the strain has never been exposed to
antimalarial drugs in the laboratory. The action of
chloroquine on this strain was compared with the action
of the drug on an old laboratory strain of P. b. berghei (N),
and on a recently isolated mosquito-transmissible strain
of P. b. berghei (NK65) (ref. 4). Groups of five male
Parkes-strain mice were used.

In the first experiment, we compared the action of
chloroquine on P. b. berghei (strain N), and P. b. yoelis
(strain 17X), by a method previously deseribed®. On



December 12, 1966, mice were inoculated intravenously
with infected blood, and a single dose of the drug was
- given intraperitoneally 2 h later. Increases in latent
periods of infection were then recorded. The dose—
response curves are given in Fig. 1. The prolongation of
tho latent period of strain N is linearly related to the
logarithm of the dose of chloroquine, but this is not so -
for strain 17X. In strain N, a dose of 40 mg/kg caused a
delay of 4-2 days, but in strain 17X a dose of 40 mg/kg
caused a delay of only 1-85 days. In the second experi-
ment, a conventional 5 day drug test® was carried out as
follows. The mice were inoculated intravenously on the
first day.with 107 parasitized erythrocytes, and drug
doses were given intraperitoneally on the day of infection,
and for 3 subsequent days. Blood films were taken on
the day after the last dose of the drug, and the para-
sitaemias were evaluated. The results are expressed in
Fig. 2 as dose-response curves showing mean para-
sitaemias in the experimental groups (as a percentage of
the parasitaemias in the control groups) plotted against
logarithm of drug dose. '

The difference in dose-response of the two strains is
clear. In mice infected with strain N, 5 mg/kg given
daily for 4 days completely prevented the appcarance of
parasites, while in mice infected with strain 17X a dosc -
as high as 50 mg/kg merely reduced parasitaemia to 28 per
cent of undoscd. controls. The dose-response line of
strain 17X is relatively flat, and resembles the dose—
response lines of artificially produced -chloroquine-
resistant strains of P. b. berghei®.

In the comparison of the action of chloroquine on
strain 17X with that on strain, NK65 of P. b. berghei made
on January 16, 1967, a conventional 5 day drug test was
carried out as in tho second cxperiment described pre-
viously. In both experiments chloroquine was given in a
dose of 5 mg/kg daily for 4 days. Strain 17X developed
a parasitaemia which was 40 per cent of that of undosed
controls, whereas strain NK65 developed a parasitaemia
which was less than 3 per cent of the control. Chloroquine-
registance is therefore a special feature of strain 17X, and
not merely a characteristic of freshly isolated strains.

The response of strain 17X to other antimalarial drugs
is still' in the course of investigation, but preliminary
observations using the 5 day test indicate that it is
sensitive  (possibly hypersensitive) to pyrimethamine,
sulphadiazine, and proguanil. It resisted a daily oral
dose of 150 mg/kg of quinine hydrochloride but not of
300 mg/kg. It also resisted a daily intraperitoneal dose
of 5 mg/kg of mepacrine hydrochloride but not 10 or
100 mg/kg. It was almost completely resistant to pama-
-quine given orally at sub-toxic doses (20 mg/kg) but not
at doses (40 mg/kg) which killed most of the mice. These
results suggest that there is & slight cross-resistance to



mepucrino and quinine, but this is not as marked as that
found in artificially prepared chloroquine-resistant strains
of P, berghei® e,

Tho results described here show that, although it has
nover before beon oxposed to antimalarial drugs, strain
17X is as rosistant as aro laboratory strains of P. berghei
which havo beon produced by treatment of infected
animals with chloroquine. . The resistance appears stablo,
unliko artificially produced chloroquino-resistance? S,
Theso observations raiso several interesting points.

5F 0

| Y

3 o

>
K]
U
c] /
m
g’ 2 - o . °
*o—/ -0 o«
) o
0 1 1 | _ ]
5 10 20 10

Drug dose (Jog mg/kg)

Fig, 1. I’rolongatloﬁ of latent period (days delay) by single doses of
chloroquine In strain ¥ (O) and strain 17.X (@) of P. berghei.
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(1) Chloroquine-resistance may be a feature of all recently
_isolated strains of P. berghei. Most drug tests on P..
berghei have been carried out on old syringe-passaged
laboratory strains, which do not necessarily behave as do
recently isolated ones. It is well known that freshly
isolated strains of Trypanosoma rhodesiense are insensitive
to doses of arsenical drugs which will eliminate old
laboratory strains. On tho other hand, our experience
with strain NK65 showed that P. b. berghet is not similarly
resistant, even when freshly isolated and still infective to
mosquitoes. (2). Chloroquine-resistance is perhaps re-
stricted to the yoelid sub-specics of P. berghei. We cannot
be sure this is so, however, until other isolates of the
sub-species have been investigated. (3) Because a spon-
tanteously chloroquine-resistant strain of P. berghe: has
been found in nature, there seems to be no reason why the
samoe should not apply to P. falciparum, which causes -
malignant tertian malaria of man. In South East Asia

.and South America, strains of P. falctparum have
been found which are resistant to chloroquine’, while
in Africa, where chloroquine has also been widely used as
an antimalarial, there is no authenticated report of
chloroquine-resistance. It scems likely that in P. falci-
parwm, as in P. berghei, chloroquine-resistant strains may
sometimes occur spontaneously.

‘We thank Mme. Iréne Landau and Professor M. Yoeli
for supplying strains of P. berghei; Dr. F. Hawking,
Professor P. C. C. Garnham, Dr. J. Williamson and Dr.
R. S. Bray for suggestions. Mr. R. Folwell gave technical
assistance. This work was supported by a grant from the
World Health Organization.
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Malaria Parasites of Thamnomys rutilans (Rodentia, Muridae)

in Nigeria *

by R. KILLICK-KENDRICK, Senior Technical Officer, Department of Parasitology, London School of Hygicne
and Tropical Medicine, London, England, G. T. SHUTE, Technical Instructor ( Parasitology), WHO Malaria
Eradication Training Centre, Yaba, Lagos, Nigeria, and A. O. Lampo, Parasitologist, Malaria Research
Institute, Federal Malaria Service, Yaba, Lagos, Nigeria

For the past twenty years, the malaria parasites of
the African Muridae have been much used in the
laboratory as research tools in studies on the biology,
immunology and chemotherapy of the genus Plas-
modium. Of all the mammalian malaria parasites,
those of murine rodents are the most easily main-
tained in the laboratory and, with recent findings on
the optimum conditions for cyclical transmission
through laboratory-bred Anopheles, their value is
now much enhanced.?-¢

. Malaria parasites of murine rodents are known
only from Africa, and have been found in four
“'places: Katanga, in the Democratic Republic of the
Congo; Western Nigeria; the Central African
Republic; and near Brazzaville in the Republic of
Congo.¢ Least is known of the parasites from
Nigeria. Bruce-Chwatt & Gibson / examined more
than 1500 murine rodents trapped near Ilobi in
Western Nigeria, including 1038 Praomys, 384 Lophu-
romys,’ 63 Lemniscomys, 51 Stochomys, 21 Mala-
comys, 8 Arvicanthis, 6 Hybomys, 1 Dasymys and
1 Cricetomys, and found only 1 Praomys tullbergi
- infected with a malaria parasite similar to P. vinckei
-vinckei Rodhain, 1952.% The strain was not estab-
lished in the laboratory and a determined effort to find
another infected rodent met with no success.”

In this note, we report the rediscovery of Bruce-
Chwatt & Gibson’s parasite in Nigeria, and the new

* This work was carried out under the auspices of the
World Health Organization while the senior author was
serving as WHO Consultant.

% Vanderberg, J. & Yoeli, M. (1966) J. Parasit., 52, 559.

b Landau, I. & Killick-Kendrick, R. (1966) Trans. roy.
Soc. trop. Med. Hyg., 60, 633.

¢ Bafort, J. (1967) Ann. Soc. belge Méd. trop., 47, 271.

4 Wéry, M. (1968) Ann. Soc. belge Méd. trop., 48, 1.

€ Garnham, P. C. C., Landau, L., Killick-Kendrick, R.
& Adam, J. P. (1967) Bull. Soc. Path. exot., 60, 118,

f Bruce-Chwatt, L. J. & Gibson, F. D. (1955) Trans. roy.
Soc. trop. Med. Hyg., 49, 9.

9 Bruce-Chwatt, L. J.—personal communication.
» Rodhain, J. (1952). Ann. Soc. belge Méd. trop., 32, 275.

finding of a P. berghei-like parasite in the same
locality.

The remarkably low incidence in the early work
suggested that malaria parasites were very rare in
Nigerian rodents, and further attempts to rediscover
the parasite and establish it in laboratory animals
seemed, at first sight, unlikely to succeed. But new
information on the prevalence of malaria parasites
in the thicket rat, Thamnomys rutilans, in the Central
African Republic? and the Republic of Congo
(Brazzaville) 7 led to the idea, later shown to be
correct, that Bruce-Chwatt’s apparently rare Plas-
modiunt was perhaps a common parasite of Than-
nomys in the place where the infected Praomys was
collected. Thamnomys was not among the very large
sample examined by Bruce-Chwatt, probably be-
cause all trapping in the early work was at ground
level, and this is a rodent which is seldom caught

"unless traps are placed in bushes above the ground.

From 16 to 23 August 1967, during the lull in the
rains, at the same time of year as when the infected
Praomys had been caught thirteen years earlier, we
collected 41 murine rodents from near Ilobi (lon-
gitude 3°03’' E; latitude 6°45° N) in the Egbado
Division of Western Nigeria. Except for a few
caught by local children in home-made traps, the
animals were caught in cage-traps, with double
spring-operated doors, placed 2m-3m above *
ground. Of the three baits used—apple, banana and
palm nut—the first two attracted Thamnomys more
regularly than the last.

The trapping area chosen was in secondary forest
and fallow farm-land along the edge of the Ilaro
Forest Reserve, a mixed deciduous area of high
forest of approximately 24 square miles (62 km?),
close to the north-eastern side of the village of Ilobi.

¢ Landau, I. & Chabaud, A. G. (1965) C. R. Acad. Sci
{ Paris ), 261, 230. .

J Adam, J. P., Landau, 1 & Chabaud A. G. (1966)
C.R. Acad. Sct (Parzs) 263, 140.

& Manufrance, St. Etienne, France.
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Nests of Thamnomys rutilans, built in bushes or
banana trees 2 m~3 m from the ground, were easily
found in the open forest area, which had a canopy
only 6 m high interspersed with emergent trees. No
nests were found in the neighbouring reserve, where
the trees formed a much higher closed canopy about
30 m from the ground. In contrast to the trapping
locality, the near-by forest reserve was completely
undisturbed, protected by regulations strictly pro-
hibiting hunting or wood-gathering. This wooded
arca lies in the High Forest Zone at the western
edge of the southern Nigerian secondary forest
region, and extends in patches throughout much of
Western Nigeria.!

The Egbado Division lies at an altitude of 70 m—
130 m. Annual rainfall is 90 cm~140 cm (35 in-55 in)
distributed over about 90 days. The rains set in
gradually from April, reach a first peak in June or

- July, fall off during August (the time of year at which
we collected animals), and rise to a second peak in
September; very little rain falls from the beginning
of December to the end of February. At the near-by
town of Abeokuta, the mean daily maximum tem-
perature is 31°C (87°F), and the mean daily minimum
22°C (72°F); the average relative humidity through-
out the year is 80 9;.m

Preliminary identifications of our rodents were
made using a key to the Nigerian species based on
external characters; * skulls from samples of each
rodent were later sent to Mr D. R. Rosevear at the
British Museum (Natural History), London, who
kindly examined them and confirmed our identifica-
tions. The 41 rodents collected were 20 Praomys
tullbergi, 18 Thamnomys rutilans, 2 Stochomys longi-
caudatus and 1 Malacomys edwardsi. They were
taken to the laboratory where 0.6 ml-1.0 ml samples
of blood were taken by heart puncture under ether
anaesthesia using heparin as an anticoagulant; the
samples were routinely inoculated intraperitoneally
into 1 or 2 white mice, blood films from which were
examined once or twice between the fifth and ninth
days after inoculation. As the blood samples were
taken, thick and thin blood films were prepared with
blood from the tail of each wild rodent. These were
stained in Giemsa’s stain at pH 7.1; a buffer solution
of high salt concentration was used when staining

I Rosevear, D. F. (1953) Checklist and atlas of Nigerian
mammals, London, Crown Agents for the Colonies.

m Bruce-Chwatt, L. J., Archibald, H. M., Elliot, R,
Fitzjohn, R. A. & Balogun, 1. A. (1955) Information Bulletin
No. 3, Malaria Service, Department of Medical Services,
Nigeria.

2 Rosevear, D. F. (1950) Nigerian Field, 15, 148.

the thick films to overcome the difficulty, often
encountered with rodent blood, of obtaining good
lysis. -

Six of the 18 Thamnomys were infected with
malaria parasites, which, in each instance, were
easily found in the thick blood films; 4 of the 6 had
parasitacmias sufficiently high for parasites to be
seen in thin films, Prepatent periods in mice inocu-
lated with blood from infected Thammnomys varied
from 2 to 6 days, although in 2 groups there were in-
dividual mice which never apparently became in-
fected. Parasitacmias rose rapidly and generally
became high; in stained thin blood films there were
usually 4-25 infected erythrocytes per microscope
field ( x 100 objective) within 7-11 days. After this
peak, the numbers of parasites slowly fell and even-
tually disappeared 2-3 weeks after inoculation.

No infections were found in the other 35 rodents.
Prolonged searches of thick blood films from all
except the 6 infected animals were made with
negative results, and the inoculation of blood into
white mice revealed no subpatent infections.

One Thamnomys was found to be infected with
2 species of Plasmodium, one of which we think is the
same as the P. vinckei-like parasite found by Bruce-
Chwatt, while the other has blood stages indistin-
guishable from P. berghei berghei Vincke and Lips,
1948, from Katanga, and P. b. yoelii Landau and
Killick-Kendrick, 1966, from the Central African
Republic. This P. berghei-like parasite (strain N67)
has since been separated from the other by cyclical
passage in white mice through Ilaboratory-bred
Anopheles stephensi, and its life-cycle is at present
being studied. A final identification awaits the com-
pletion of those studies, but morphological differen-
ces already seen in the sporogonic stages, ° notably
the unusually long sporozoites, suggest that this is a

new subspecies of P. berghei closely resembling the’

“ Plasmodium sp. proche berghei” found by Adam
et al. ¥ near Brazzaville.

The other 5 Thamnomys with malaria had un-
mixed infections of Bruce-Chwatt’s P. vinckei-like
parasite, 2 strains of which (No, N48 and N54) are
now established in the laboratory. At first sight, this
Plasmodium more closely resembles P. vinckei vinckei

Rodhain, 1952, from Katanga than'the * Plasmo-
dium sp. proche vinckei” from Brazzaville, or

P. v. chabaudi Landau, 1965, from the Central
African Republic. Like P. v. vinckei, the Nigerian
parasite causes no reddening of infected erythrocytes

0 Killick-Kendrick, R., Shute, G. T., Lambo, A., & Guy.
M. W. (1968) Trans. roy. Soc. trop. Med. Hyg., 62, 2.



such as is scen in P. v. chabaudi and the strains from
Brazzaville; in other ways, however, the morphology
of the blood stages, and the infectivity to laboratory
animals, of all 4 parasites is very much alike.”

The single infected Praomys tullbergi found by
Bruce-Chwatt & Gibson f is now thought to have
been an accidental host of a common parasite of
Thamnomys rutilans in the same locality. It is not
known, however, why Praoniys is so seldom infected.
This species is sometimes taken in traps set above
ground and therefore shares, at least partially, the
habitat of Thamnomys. Moreover, it is susceptible
to the P. vinckei-like parasite. Possibly the as yet
unknown mosquito host has marked feeding pre-
ferences, and only rarely feeds on rodents other than
Thanmomys. In Malaya, Anopheles hackeri has been

“found to feed readily on the monkey Macaca irus
when placed as a * sentinel ” in the forest, while the
closely related monkey M. mulatta, put in the same

- place, is remarkably unattractive to the mosquito.”?
Another explanation may be differences in periods
of -activity between Praomys and Thamnomys in
relation to the peak feeding of the unknown mos-
quito host. This could result in a low Praoniys-
mosquito contact, whereas one can predict a high
degree of contact between the mosquito and Thamio-
mys—probably occurring several metres above
ground.

We made no determined effort to discover the
natural vector of the parasites at Ilobi, In the area
in and around the near-by town of Ilaro, Bruce-
Chwatt et al.” recorded 9 species of Anapheles other
than A. gambiae and A. funestus, the main mosquito
hosts of malaria of man in the locality. Adult
mosquitos of 6 of these 9 were among out-of-door
catches using man as bait (4. pharoensis, A. hargrea-
vesi, A. squamosus, A. nili, A. paludis and A. han-
cocki). The other 3 species (4. cinctus, A. coustani
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and A. obscurus) were never in the catches, and were
found only as larvae; possibly one of these mosquitos
will be found to be the natural vector of the malaria
parasites of rodents in wéstern Nigeria,

The distribution of the Nigerian parasites in the
rodent host is similar to that of the murine malaria
parasites of the Central African Republic and the
arca near Brazzaville in the Republic of the Congo.
In all 3 places, the P. vinckei-group is much more
common than the P. berghei-group, and many
infected rodents have patent parasitaemias. Thamuo-
mys rutilans is the principal vertebrate host, and other
rodents appear to be only seldom infected. In
Katanga, the distribution is different; P. b. berghei is
by far the commoner parasite, P. v. vinckei having
been found only twice, both times in the invertebrate
host, A. dureni.& * P. b. berghei has been found in
3 rodents, Thamnomys surdaster, Praomys jacksoni
and Leggada bella but, unlike infections in the other
3 places, parasitaecmias are usually subpatent.?
Vertebrate hosts of P. v. vinckei are unknown but,
because the 2 parasites have a common mosquito
vector, the rodent hosts of P. v, vinckei arc probably
the same as those of P. b. berghei.

. The preliminary work in Nigeria has revealed an
interesting enzootic in a place where there are good
opportunities of studying the epizootiology of two
malaria parasites. The establishment of the parasites
in the laboratory has made available new strains
geographically separate from others already known.

* *
* .

We wish to thank Professor P. C. C. Garnham,
Dr L. J. Bruce-Chwatt and Dr Iréne Landau for help in
planning the work; Dr F. R, S. Kellett for kindly pro-
viding laboratory accommodation and transport; and
Mr M. W. Guy for establishing the strains in the
laboratory. .

? Warren, McW.—personal communication.

2 Vincke, 1. H. (1954) Indian J. Malar., 8, 245.
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C. R. Acad. Sc. Paris, t. 262, p. 1113-1116 (7 mars 1966). Série D

PARASITOLOGIE, — Note préliminaire sur le cycle évolutif des deux
Plasmodium du Rongeur Thamnomys rutilans de la République Centrafri-
caine ('). Note (*) de Mme Initng Laspav et M. Ropert Kinrick-Kexorick,

transmise par M. Pierre-P. Grassé.

Les deux Plasmodium infectant les Thamnomys rutilans capturés a la
station expérimentale de La Maboké (République Centrafricaine) ont été
transmis par Anopheles stephensi 4 des Rongeurs de laboratoire. Cette
transmission a permis ’étude de leur sporogonie et de leur schizogonie
pré-érythrocytaire éclairant ainsi certains aspects de leurs rapports avec les
deux autres Plasmodium connus chez les Rongeurs, Plasmodium berghet
et P. vincker.

L’un des hématozoaires de la République Centrafricaine, P. chabauds,
a déja été décrit comme espéce nouvelle (*), en se basant sur I’étude morpho-
logique de ses formes sanguines.

L’autre, dans le sang, semble indistinguable de P. bergher (*), mais
Pétude de sa sporogonie et de son cycle tissulaire hépatique nous conduit
a le considérer comme une nouvelle sous-espéce de ce Plasmodium. Nous
la nommons Plasmodium berghet yoelii n. subsp. en hommage au Professeur
M. Yoeli. ‘

Dans cette Note préliminaire, nous rapportons brievement la sporogonie
de P. chabaudi et de P. berghet yoelii chez A. stephensi et leur schizogonie
pré-érythrocytaire dans le foie de Souris et de Rats blancs.

1. Plasmodium chabaudi. — Sporogonie : A des températures comprises
entre 23 et 269, la durée de la sporogonie est de 11 & 12 jours, les sporo-
zoites faisant alors leur premiére apparition dans les glandes salivaires. Le
diameétre des oocystes mirs atteint 8o . et la longueur moyenne des sporo-
zoites, dans des frottis séchés a Dlair et fixés a l'alcool méthylique,
est de 13,2 . g

Schizogonie pré-érythrocytaire : Sa durée a été déterminée en injectant du
sang de Souris blanche, ayant re¢u une inoculation unique de sporozoites,
4 d’autres Souris : le sang s’est avéré non infectant 52 h aprés P'injection
de sporozoites et infectant a 53 h. Les foies de Souris blanches inoculées
avec des sporozoites ont été prélevés par biopsie ou autopsie 28, 42, 50, 53
et 54 h aprés I'injection, puis examinés histologiquement : les schizontes
pré-érythrocytaires ont été trouvés dans des cellules du parenchyme
hépatique. Des parasites ont été également observés dans le foie d’un rat
inoculé de la méme facon, bien qu’aucune infection apparente n’ait pu étre
décelée dans son sang.



! (2) | \

Le plus jeune schizonte qui ait été observé est 4gé de 28 h; 1l mesure g i de
diamétre et contient 20 noyaux. En dehors d’une augmentation de la taille
et d’un nombre plus élevé de noyaux, 1l existe peu de différences morpho-
logiques entre les schizontes & 42 et 50 h. Leur diamétre moyen est de 20
a 42 h, et de 29 = a 50 h. ' '

Les schizontes pré-érythrocytaires immatures de P. chabaudi sont
caractérisés par : un cytoplasme abondant, réticulé, avec de nombreuses
petites vacuoles aux pourtours indistinets, plus nombreuses & la périphérie
et donnant & lensemble un aspect spongieux; des agrégations cytoplas-
miques d’une basophilie intense, dispersées dans le schizonte; des noyaux
irréguliers formés de grains chromatiniens de forme et taille variables,
se distinguant difficilement du cytoplasme trés dense.

A 53 et 54 b, le diameétre moyen est de 36,9 P-; on note une plus grande
variété de formes. De nombreux schizontes sont encorc immatures et la
formation de mérozoites débute a leur périphérie. Un arrangement des
noyaux et du cytoplasme en pseudo-cytomeres peut étre rencontré. Les
- schizontes mirs conservent souvent quelques agrégations cytoplasmiques.
Ils contiennent 18 000 & 20 0ooo mérozoites. Lorsqu’ils se rompent, ils sont
rapidement envahis par les phagocytes et 'on trouve des mérozoites dans
les capillaires avoisinants. Quelques formes se rompent avant d’avoir .
atteint leur pleine maturité.

2. Plasmodium berghei yoelit. — Sporogonie : Elle est de g & 10 jours
a des températures variant entre 23 et 26°. Les oocystes miirs atteignent 82 p.
et la taille moyenne des sporozoites est de 13,8 p.

Schizogonie pré-érythrocytaire : Dans les mémes conditions expérimentales
que pour P. chabaudi, la durée de la schizogonie pré-érythrocytaire est de
moins de 45 h. Les sporozoites obtenus ont une grande viabilité, car I'injec-
tion & un rat de 20 glandes salivaires infectées a permis d’obtenir
ho schizontes dans des coupes de foie ayant une surface de o,5 cm®
(4 p- d’épaisseur). Les formes immatures présentent le méme aspect spon-
gieux et réticulé parsemé d’agrégations basophiles que celui décrit pour
P. chabaudi. Les schizontes pré-érythrocytaires de P. berghet yoelii mesurent
8,1 p- & 25h, 13,812 a 3oh, 20,6 4 36h, 31,71 & 45h et 37,31 & 50h.

EXPLICATION DES PLANCHES.

Planche 1.

Plasmodium chabaudi : schizontes pré-érythrocytaires dans le foie de Souris blanches.

A. 28 h (aprés hydrolyse selon la technique de Wolcott); B, 42h; C. 50h; D. 54h :
Formation de type pseudo-cytomeéres; E. 54 h : Stade précédant la formation des
mérozoites; . 53 h : mir.
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(3)
Planche I1.

Plasmodium berghel yoelii : schizontes pré-érythirocytaires dans le foie des Rats blancs.
A, 25h; B, 36h; G 45h; D, S0h; I3, 50h; ¥, Soh : mir.

Le nombre des mérozoites dans les schizontes miirs est de 8 0oo en moyenne,
et ccux-ci ne contiennent plus d’agrégations cytoplasmiques. Certams
schizontes ont également des pseudo-cytomeres.

Ce matériel a pu étre comparé aux stades équivalents de P. berghet
du Katanga, obtenus par P. C. C. Garnham ct R. Killick-Kendrick, dans
des conditions identiques, aux mémes heures et en utilisant les mémes
procédés de fixation et de coloration. Ce matériel a été mis & notre dispo-
sition et 1l nous a ainsi été possible de comparer de fagon précisc les deux
sous-especes. La morphologie des formes sanguines est presque identique
chez Plasmodium berghei bergher et Plasmodium berghei yoelit, mais la
comparaison des sporogonies et des cycles pré-érythrocytaires a révélé
des différences importantes. Chez A. stephensi, c’est ecssentiellement le
diamétre plus élevé des oocystes mitrs (8o pour P. b. yoelii, 4oy pour
P. b, berghet); dans le foie des rats, c’est surtout la plus grande taille et le
nombre plus élevé des noyaux des schizontes pré-érythrocytaires de P. berghei
yoelti a tous les stades étudiés. Enfin, chez A. stephenst entre 23 et 269,
seule la forme de R.C.A. produit un grand nombre de sporozoites
infectants.

La coexistence chez le rongeur T'. rutilans de deux espéces différentes de
Plasmodium est un phénoméne comparable a celui déja connu au Katanga
ol un rongeur trés proche, T'. surdaster, cst 'hote de P. berghei berghei
et I’hdte présumé de P. vinckei. Comme nous venons de le voir, 'un des
parasites de R.C. A. peut é&tre considéré comme une sous-espéce de
P. berghet du Katanga.

En ce qui concerne le statut de P. chabaudr, il n’est pas possible actuel-
lement de faire une comparaison .avec P. vincker autrement que sur les
formes sanguines d’une souche profondément remaniée par de nombreux
passages de sang. Nous avons donc été astreints a considérer l'espéce
comme nouvelle, mais ce que nous savons des rapports entre P. berghet "
berghei et P. b. yoelit laisse soupgonner une double vicariance. 11 deviendrait
alors trés satisfaisant, si le cycle de P. pincket se révélait proche de celui
de P. chabaudi, de considérer ce dernier comme une sous-espéce de
P. vincke:.

Bien qu'ils aient été plus particuliérement étudiés en helminthologie (*),
les exemples de vicariance sont extrémement courants en parasitologie,
et les deux parasites de la République Centrafricaine nous paraissent.en
étre un nouvel exémple.



(4) ,

D’un point de vue pratique, ces deux Plasmodium présentent un intérét
considérable, car ils ont Pavantage sur P. berghet et P. vinckeir d’étre d’un
maniement bien plus facile et, sur les Plasmodium de Singes, de pouvoir
étre I’objet d’expériences nombreuses et répétées. Ils représentent actuel-
lement le meilleur instrument de travail dans I'étude des formes tissulaires
des Plasmodium de Mammiféres.

(*) Séance du 21 février 1966.

(1) Travail effectué grice a une subvention de l’Organisation Mondiale de la Santé.
(®*) 1. LaNDpAU, Comples rendus, 260, 1965, p. 3758.

(*) 1. Laxpavu et A. G. CaaBaup, Comples rendus, 260, 1965, p. 230.

(*) A. J. PETTER, Mém. Mus. Nat. Hist. Nat., série A, Zoologie, 39, p. 1 (sous presse).
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- RODENT PLASMODIA OF THE RﬁPUBLIQUE CENTRAFRICAINE:
THE SPOROGONY AND TISSUE STAGES OF PLASMODIUM CHABAUDI
AND P. BERGHEI YOELII
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The value of the malaria parasites of rodents as research tools has been limited for
many years by the great difficulty of obtaining viable sporozoites in laboratory-bred
mosquitoes. Until recently, only 2 species, both from Katangfa in’ Central Africa,
were available. The sporogony of one, Plasmodium vinckei Rodhain, 1952, remains
incompletely known and, since the only strain discovered is now much altered by continual
syringe passage, it is possible that transmission in the laboratory and the demonstration
. of the tissue forms of this species must await its rediscovery.

Many strains of the other species, P. berghet berghei Vincke and Lips, 1948, have
been isolated, and its sporogony has been studied by many workers. Until a year ago,
however, the transmission of this species in the laboratory had only seldom been achieved
(YoErLr and WALL, 1951, 1952; PErez-REYES, 1953; YOELI et al., 1964), and even when
obcyst growth appeared normal, sporozoites produced in laboratory mosquitoes were
usually not infective to rodents (e.g. Box et al., 1953; Bray, 1954 CELAYA et al., 1956;
MicHIELS, 1963).

Bécause of the apparent impossibility of obtaining numbers of v1able sporozoites
in the laboratory, the primary exo-erythrocytic schizonts of P.b. berghei remained
undiscovered for a long time. The problem appeared insoluble until the influence of

_temperature on the infectivity of the sporozoites was recognized. The temperature
of the habitat of Anopheles durent, the natural invertebrate host of P.b. berghei, is much
lower than that normally employed in the study of malaria in the laboratory (VINCKE,
1954; YOELI et al., 1965), and VANDERBERG and YOELI (1965) showed that the optimum

This work was supported in part by a grant from the World Health Organization,

We have been particularly fortunate in having continual advice and encouragement
from Professor P. C. C. Garnham, and one of us (I.L.) would like to thank Prof. Garnham
for the kind invitation to work in his laboratory, We are indebted to Dr. R. S. Bray and
Prof, A. G. Chabaud for many helpful discussions, and for critically reading the manuscript,
and to Dr. J. R. Baker, Dr. R. Lainson and Dr. P. Nelson for help in mass dissections of
mosquitoes. - We wish also to thank Mr. P. G. Shute and Miss M. Maryon of the Malaria
‘Reference Laboratory, Epsom, for supplying all the A. stephensi used in this work, and
Mr. P. E. Nesbitt, Mr. A, 1. Oxbrow, Mr. M. W. Guy, Mr. R. B. Arseculeratne and Miss
F. Munford of the London School of Hygiene and Tropical Medxcme for technical
assistance.
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temperature for the production of infective sporozoites of P.b. berghei in laboratory-bred
A. quadrimaculatus is only 18-21°C.; at 24°C. or above, odcysts either fail to grow, or
produce non-infective sporozoites. S

This observation paved the way to the first demonstration of the primary exo-
erythrocytic schizonts of a rodent plasmodium (YOELI and MosT, 1965a,b). :

While this work was in progress, two new rodent plasmodia, P. chabaudi Landau,
1965 and P.b. yoelii Landau and Killick-Kendrick, 1966, were discovered in the Répub-
lique Centrafricaine, more than 2,000 km. from Katanga (LANDAU, 1965; LANDAU and -
CHABAUD, 1965); both are infective to laboratory rodents, and infective sporozoites of both
parasites are easily obtained in A. stephensi. In the present paper, detailed descriptions
are given of the sporogonic and tissue stages of the two new malaria parasites; a preli-
minary report of this work has been published elsewhere (LANDAU and KILLICK-KENDRICK
1966). . '

Materials and methods
Strains

The strain of P. b. yoelii used is the type strain (No. 17X), which is one of several
isolated at the Station Expérimentale de la Maboké, in the République Centrafricaine, by
L.ANDAU and CHABAUD (1965) in April 1965, from Thamnomys rutilans (Peters, 1876); the.
particular rodent from which the strain was obtained was captured near a village between
. Bébé and Boukoko. Although mice inoculated with blood from the Thamnomys become
“infected with both P. chabaudi and P. b. yoelii, an unmixed line of P. &. yoelii
arose after the first mosquito transmission in the laboratory. The history of strain 17X
since its isolation is shown in Fig. 1. '

Thamnomys rutilans*17X
" Mouse*

 A.stephensi 31L

Mouse 39L (50hr.)

Moyee Fic. 1. Showing the histofy of the ty.pe'
Mouse strain of P. b. yoeli, No. 17X, from -its

isolation to the demonstration of the
Motse primary exoerythrocytic schizonts ; the

times in parenthesis indicate the age of

Movse the schizonts.
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A.stephengi 78L

Rat 87L Rat 89L Rat 94L Mouse 93L
{25ir.;50hr)  (30hr.;36hr) {45ar.) (50hr.) -

*Mixed with P, chabaudi

FiG. 1.

The strain of P. chabaudi smdied (No. 54X) was isolated from another 7. rutilans
‘captured at the same time as the one from which strain 17X was obtained. The rodent had
a patent infection when captured, and subinoculations of blood revealed no other malaria -
parasite. The history of the strain is shown in Fig. 2.

" The strains were subinoculated in laboratory rodents by intraperitoneal or intravenous
injections of heparinized blood obtained from either the tail or the retro-ocular plexus of
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veins., At the beginning of the work, sodium citrate was sometimes employed as an anti-
coagulant, but after it was found to be fatal to mice when inoculated intravenously, its use
was discontinued.

Mosguitoes -

- A. stephensi bred at the Malaria Reference Laboratory, Epsom (SHUTE and MARYON, -
1966) were obtained through the courtesy of Mr. P. G. Shute. After feeding on infected
animals, mosquitoes were kept at 23°-26°C. and a relative humidity of 70-80%,.

To permit the mosquitoes to feed, mice were immobilized by a method shown to us
by Prof. Meir Yoeli. Thin strips of zinc oxide plaster were first attached to each leg, and
the mouse was held in a supine position on a small board of soft wood; the tabs of plaster
were then pinned to the board. The abdomen was shaved. Attempts to anaesthetize mice
with intraperitoneal or intravenous inoculations of pentobarbitone sodium B.P. were
abandoned, as infected mice often succumbed to the normal dose (0-5 mg. per 10 g. body
weight), and mosquitoes seemed little attracted to anaesthetized mice, presumably because
of a drop in body temperature.

The examination of stages of sporogony

Pigment patterns of odcysts were drawn from unfixed stomachs gently flattened under a
' coverslip; measurements were made on similar material. As soon as mature odcysts were
seen, glands were also dissected and examined. On the day or the day after sporozoxtes
were first found in the glands, all surviving mosquitoes were dissected to provide sporozoites
for the demonstration of exo-erythrocytic schizonts. No estimation was therefore made
of the sporozoite rate.

Sporozoites in Giemsa-stained smears of infected glands were measured by drawing
midlines at a magnification of x 2,000, and estimating the length with dividers calibrated
to an equivalent of 1.

The collection and inoculation of sporozoites

Laboratory rats (Wistar albinos; 50-70 g.) and mice (Theiler’s original stain; 10-15 g.)
were given single intravenous inoculations of suspensions of sporozoites from infected
salivary glands. At dissection the glands were collected in either cold 20%, rat serum in
Ringer’s fluid, or cold tissue culture medium 199 (MoORGAN et al., 1950), which was equally
‘suitable; the volume of fluid was kept as small as possible. The glands were broken up by
repeatedly suckmg them up and down a finely drawn Pasteur pipette, and the suspenswns
of sporozoites were then inoculated slowly into the tail veins of rats and mlce.
The zzmmg of the tissue schizogony

Blood was taken from the retro-ocular plexus of veins of rats and mice at timed intervals
from the inoculation of sporozoites. Thick blood films were prepared, and the remainder
of each sample was inoculated into a mouse, blood films from which were examined daily.

Biopsies and autopsies ' ’
Liver biopsies were performed on 4 rats and 3 mice by laparotomy under ether
anaesthesia. After exposure by a transverse incision immediately below the ribs, part of the
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frontal lobe of the liver was removed by a single cut with sharp scissors; cautery was
unnecessary.

Complete livers, and in some instances other tissues, were taken post mortem. "Portions
of liver damaged by prior biopsies were discarded, and tissues were cut into pieces about
5 mm. thick before fixation.

Histological technigues

Pieces of liver taken at biopsy were fixed in Carnoy’s fluid for 3 hours; the larger pieces
and other tissues taken post mortem were fixed for 4 hours. The method of embedding used
was that described by Bray and GarNHAM (1962).

" Serial sections were cut at 4¢ and stained by Wolbach’s (1911) Giemsa-colophonium
method (SHORTT and COOPER, 1948; BrRay and GARNHAM, 1962).  Since the cytoplasm of
immature schizonts stains very deeply by this method, the nuclei were often difficult to see.
For the study of nuclear details some sections were therefore hydrolysed in N/1 hydro-
chloric acid at 58°C. for 5-8 minutes (WoOLCOTT, 1952), before staining by the Giemsa-
colophonium method in the usual way. A few individual schizonts were examined by both
staining techniques, either by removing the coverslip from Giemsa-stained sections and
hydrolysing before resfaining, or by staining alternate slides of a series by each of the
methods.

Impresswn smears of liver were allowed to dry, fixed in methanol and stained in
Giemsa’s stain for 1 hour.

Sporogony of P.b. yoelii

The first attempts to infect A. stephensi with P.b. yoelii were immediately successful.
This mosquito was chosen because it is known to be a good laboratory host for P.b. berghei
(YoELi, 1965). The optimum temperature was assumed to be higher than that of
the nominate subspecies, because of the climatic differences between the habitats of the
natural mosquito hosts.

In the first batch of mosquitoes (31L, see Fig. 1), incubated at 24-26°C., sporozoites
were first found'in the salivary glands on the Sth day. The inoculation of a single pair of
glands gave rise to an infection in a mouse, and the first exo-erythrocytic schizonts of
P.b. yoelii were found in the liver of another mouse (No. 39L) which had received glands
from only 7 mosquitoes, 3-4 of which were presumed, from the o&cyst rate, to be negative.

In the second batch of mosquitoes (No. 78L), incubated at a slightly lower tem-
perature (23-24°C.), sporozoites were not seen in the glands until the 10th day. Numerous
tissue schizonts were found in livers of all of three rats and one mouse inoculated with
sporozoite suspensions from the glands of this batch.

In spite of slight differences in the temperatures at which the two batches of A. ,
stephensi were incubated, there was no noticeable difference in the rates of 0dcyst growth.
On the 4th day, oﬁcysts measured 8-17p in diameter, and contained pigment charac--
teristically arranged in 4 or more stra1ght or slightly curved lines frequently crossing
one another (Fig. 3).

F1c. 3. Showing the pigment pat-
tern of 4 day-old oocysts of P. b.
yoelii on the stomach of an experi-
mentally infected A. stephensi.

Fi1G. 3.

On the 7th day the ﬁrst mature odcysts, measuring 60-82p, were seen; most were,
however, still immature, and a noticeable feature was the very wide range of sizes, similar
to that seen in A. dureni naturally infected with P.b. berghei, and in experimentally
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infected A. quadrimaculatus (VANDERBERG and YOELI, 1965). The odcyst rate was
approximatcly 50% in both batches of mosquitoes (6 of 13 guts positive in batch 31L,
and 6 of 12 in batch 78L); since unfed mosquitoes had not been removed, many of those
which were uninfected had presumably not fed upon the mice.

Under a phasc-contrast objective, and in stained films, the nuclei of sporozoites in
209, rat serum in Ringer’s solution were seen to bulge out from the side of the sporozoite;
they were, nevertheless, infective. This phenomenon, which was not seen in sporozoites
suspended in medium 199, may represent the first stage of the emergence of a “sporo-
plasm” through the micropyle of the sporozoite, as suggested by GARNHAM et al. (1961).
Living sporozoites examined at room temperature showed no movement other than a
slight “flutter” at the extremities. The mean length of 20 sporozoites in a stained
smear was 13-8u (9-18p).

Primary exo-erythrocytic schizogony of P.b. yoelii

The prepatent period of sporozoite-induced infections of P.b. yoelii was remarkably
short. Blood taken from a rat 43 hours after an intravenous inoculation of sporozoites
gave rise to an infection in a mouse, and the first ring forms were seen in a thick blood
film from another rat 47 hours after an inoculation of sporozoites.

. Primary exo-erythrocytic schizonts were found in the livers of all the 3 rats and 2
mice given single intravenous inoculations of sporozoites; they were always in the
parenchyma cells. No schizonts were seen in sections of brain, lung, spleen, kidney
and bone marrow of the rat (87L) with the most heavily infected liver, killed at 50 hours.
Descriptions of the schizonts seen in livers 25, 30, 36, 45 and 50 hours after intravenous
inoculations of sporozoites are given below.

i
25-hour schizonts (Rat 87L)

1-3 schizonts were found in each section (10 sq. mm.) of a small piece of liver taken at
biopsy from rat 87L 25 hours after inoculation with glands from 40 mosquitoes of batch
78L. (509, odcyst rate), The description is based on the examination of more than 30,

[ ] .

At 25 hours, the general appearance of the schizonts is that of small, dark-blue
bodies with indistinct nuclei and a fine limiting membrane (Plate 1, Fig. 1). They
measure 9:4 X 6:9p (10-7-7-6p X 7-6-6-1p) and fill only half the host cell. The
cytoplasm appears as a deep blue reticulum broken by numerous very small vacuoles
(0-5u or less in diameter) most of which lie at the periphery. A few schizonts contain
1-2 larger vacuoles measuring up to 1-5u.

In sections stained by the ordinary Giemsa-colophonium method, the nuclei are
largely obscured by the heavily staining cytoplasm, but after acid hydrolysis they are
seen to be round or oval, or occasionally triangular; a few, shaped like 2 dumb-bell, are
reminiscent of cell nuclei in telophase (Plate 1, Fig. 2). The numbers of nuclei counted
in serial sections of 4 schizonts ranged from 45 to 65.

30-hour schizonts (Rat 89L)

These forms were found in liver taken at biopsy from rat 89L 30 hours after the
inoculation of sporozoites from glands of 25 mosquitoes from batch 78L.

Schizonts were found without difficulty, and although the piece of tissue was small,
each section (25 sq. mm.) contained about 12 forms; 30 consecutive schizonts form the
basis of this descnptxon

By 30 hours the schizonts have grown w 14:7 X 13-0 p (16 -8-10+7 p X 13¢7-
107 u); they do not fill the host cell, the nucleus of which is displaced but unaltered in
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appearance (Plate 1, F1g 3). In section they are round or oval or occasionally bean-
shaped. The pelhcle is fine, and is difficult to see in some schizonts.

The cytoplasm is similar to that seen 5 hours earlier, except that by this time a
number of densely staining cytoplasmic flocculi have formed. The vacuoles have
increased in size and number, and are still lying more at the periphery of the schizonts
than in the centre.

The nuclei remain obscured by the cytoplasm, but after acid hydrolysis bizarre
forms are seen (Plate 1, Fig. 3). They are much larger than at 25 hours, and appear
as crowns, or as irregularly shaped masses often connected by fine strands; the impression
is given of very rapid division. It was impossible to count the nuclei accurately.

36-hour schizonts (Rat 89L)
The rat which had provided the material at 30 hours was killed 6 hours later.

During this time, the schizonts grew about half as big again, and now completely
filled the host cell (Plate 1, Fig. 4). Mean measurements of 10 schizonts are 22-5 X
18-8 p (24-5-19-9 . X 21-4-16-8 ). In other respects the 36-hour schizonts do not
differ in morphology from those seen 6 hours earlier. The nuclei in hydrolysed sections
present the same strange appearance, and although it is still 1mp0331b1e to count them, -
they have obv1ously increased in number

45-hour schizonts (Rat 94L) :

Although the rat in which 45-hour schizonts were seen received glands from only
23 mosquitoes (about half of which were infected), the tissue stages were so numerous
(20 per section, 25 sq. mm.) that more than 300 were found without difficulty.

At 45 hours the size of the schizonts varies much more widely than at earlier times,
Mean measurements of 30 forms are 35-3 x 28-0 p (41:3-30:6 ¢ X 30:6-22-9 p.)
A few much smaller schizonts were also seen (e.g. 13-8 X 9-2 p), but since this size
falls so far outside the normal range, their measurements are not included in the figures
given above. In spite of their smallness, these forms are otherwise quite normal in
appearance, and are 1nd1st1ngu1shable from those seen at 30 hours. _

The variation in size was accompanied by a similarly wide variation in form, ranging
. from the small schizonts mentioned above to a few fully mature forms, and even to
ruptured schizonts invaded by phagocytes.

_~  Most 45-hour schizonts are oval in shape, although in section some appear to be
round. The smaller schizonts generally have a smooth clear-cut outline, but as they
.grow larger this becomes less regular. Growth of the schizont sometimes results in a
pedicle pushing between the hepatic cells, like a pseudopodium of an amoeba; the .
examination of serial sections reveals that 3-4 of these lobose arms may be present in a
single schizont. In section the false impression is often given of one or more small
schizonts lying close to a larger one.

Some nuclei of host parenchyma cells stain very palely, but are otherw1se unaltered.

The bewildering range of size and form makes it difficult to describe a typical 45-hour
schizont, but the form illustrated in Plate 1, Fig. 5, is apparently the next growth stage
from the 36-hour forms. The very small vacuoles seen at all earlier times are still
present, and larger vacuoles with a clear-cut outline are seen for the first time. The
cytoplasmic clumps are still a prominent feature, and are larger than those seen earlier.
The small nuclei are unevenly distributed, and some parts of the cytoplasm contain
none. = As the schizont becomes larger, the big vacuoles increase in size but become -
fewer in number; they are occasionally completely surrounded by cytoplasm, but,
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when followed in serial sections, most of the large vacuoles are seen to connect with the
fine pellicle of the schizont.

The largest immature schizonts seen at 45 hours are indistinguishable from similar
forms seen at 50 hours (Plate 1, Fig. 6). The deeply staining cytoplasmic clumps are
still conspicuous, and small vacuoles persist, particularly at the periphery and around
the clumps of cytoplasm. The nuclei, which at this point do not stain deeply, are
partially obscured by the cytoplasm.

Mature schizonts found at 45 hours are identical with those seen at 50 hours described
below.

50-hour schizonts (Mouse 39L; Mouse 93L; Rat 87L)

More than 1,000 schizonts were examined in the livers of 3 rodents 50 hours after the
inoculation of sporozoites; no differences were seen between schizonts in the livers of mice
and a rat. The description is based upon forms found in the liver of the most heavily
infected rodent, rat 871, the same animal from which a small piece of liver had been obtained
at biopsy at 28 hours and which had received glands from 40 mosquitoes from batch 78L °
(509 oOcyst rate); about 40 schizonts were found in each section (35 sq. mm.).

At 50 hours most schizonts are oval or round. The outline is occasionally irregular,
particularly that of large schizonts, and a few lobed forms similar to those seen at 45 hours -
are present. From 45 to 50 hours the mean diameter of the schizonts increases by only

'5-6 1; mean measurements of 30 consecutive schizonts are 43-3 X 31-3 u (55-5-36-7
‘X 36:7-22+9 p). The measurements of 3 very small forms not exceeding 15 p in
diameter are not included in these figures.

Most of the schizonts seen at 50 hours fall into one of two groups easily recognized
by different staining reactions. Most of the large, yet immature, schizonts stain deep
blue and stand out against the paler-staining parenchyma cells (Plate 1, Fig. 6), whereas
mature schizonts containing merozoites stain light purple and are immediately recogniz-
able even at a low magnification (Plate 1, Fig. 9).

The basophilic aggregations of cytoplasm seen in younger SChlZOIltS are still present
in immature schizonts at 50 hours (Plate 1, Fig. 6).

A few immature schizonts display a separation of the cytoplasm into irregularly
shaped masses, or pseudocytomeéres (GARNHAM, 1951), which remain connected to
one another. These appear to have shrunk away from the host cell (Plate 1, Fig. 7),
an appearance which is apparently associated with the cytoplasmic separation since it is
not seen in other schizonts, without pseudocytomeres, lying nearby. Only few of these
forms are present, and this suggests that either this represents a fleeting pattern in
development or all schizonts do not grow in the same way.

At a point when nuclear division is apparently complete, but merozoites are not yet
formed, “‘cracks” -are sometimes seen in the schizont, giving a mosaic-like appearance
(Plate 1, Fig. 8). When hydrolysed, the nuclei of such schizonts are found to be ar-
ranged in a pattern of circles, with a suggestion of a palisade of nuclei at the periphery
(Plate 2, Fig. 4).

Partially mature schizonts similar to those described for P. cynomolgi and P. ovale

" (Bray, 1957; Bray et al., 1963) are commonly seen. In these, merozoites form fitst
at the periphery of the schizont and lie around a cgﬁtral schizogonic mass.

Merozoites are evenly distributed in fully mature schizonts (Plate 1, Fig. 9), and the
basophilic aggregations, a marked feature of immature stages, are absent; occasionally,
large vacuoles persist. In stained liver smears containing ruptured schizonts, merozoites
appear as round or pyriform compact bodies, with an elongate or round nucleus lying to-
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one side. The number of nuclei in hydrolysed serial sections of mature 50-hour schizonts
ranges from 7,500 to 8,000.

In general, the response of the rodent hosts to the presence of the tissue forms is
no different from the response in primate malaria (SHORTT and GARNHAM, 1948; GARN-
HAM and Bray, 1956; Bray et al., 1963), and once merozoites are released, phagocytes -
quickly enter (Plate 2, Fig. 3). As described by YoELI and MosT (1965b) in studies on
P.b. berghet, the place occupied by a schizont may become completely filled by leucocytes.

Some schizonts with nuclei arranged in conspicuous patterns are very different
from those described above; most fall into one of two groups. Firstly, schizonts exhibit-
ing pseudocytomeres, in which all the cytoplasm is clumped into masses staining. very
deep blue (Plate 2, Fig. 1). After hydrolysis, the nuclei are seen to be distributed at the
periphery of the cytoplasmic aggregations (Plate 2, Fig. 2). Phagocytes are attracted
to some such forms, and this suggests that they may be dying. |

Secondly, schizonts with unusually few nuclei arranged in circles, and in a palisade.
[he cytoplasm of these forms stains deep blue and the nuclei pale pink. After hydrolysis,
the comparatively large nuclei stain deep purple, and parts of the schizont are seen to
contain no nuclei (Plate 2, Fig. 5). TPhagocytes are usually gathered close to these -
forms. Since rupturing schizonts with many more nuclei sometimes show a similar
pattern (Plate 2, Fig. 3), this form may be a degenerating “skeleton” of a partially mature
schizont from which merozoites have been released. ‘

Among the very small forms seen at 50 hours, were 2 with only 4 or 5 large nuclei
formed by beads of chromatin arranged in circles or semicircles, and with a palely-staining
vacuolated cytoplasm (Plate 2, Fig. 7). No phagocytes were found near either of these
schizonts, and we believe that they are simply slowly growing forms.

At 15 and 21 days after the inoculation of sporozoites, no schizonts were found in the
livers of two rodents, which had previously undergone biopsies, and had been found to

 be infected.

Sporogony of P. chabaudi

A. stephensi were easily infected with P. chabaudi. Sporogony was studied in two
batches of mosquitoes, and sporozoites from both groups gave rise to primary exo- .
erythrocytic schizonts in the livers of laboratory rodents.

At 25°C. sporozoites were first seen in the salivary glands on the 11th day. At
4 days, obcysts measured 8-12 u; unlike the plgment of 4-day oocysts of P.b. yoelii
(Fig. 3), this pigment is in large, almost black grains tending to lie in a loose clump or,
occasionally, forming short lines crossing one another. On the 6th day, the largest
obcyst measured 17 p. A wide range of obcyst size was recorded on the 10th day (45-
74 1), and almost fully formed sporozoites were present in the largest obcysts. Fully
mature odcysts on the 11th day measured up to 80 p.

- In saline preparations of crushed glands sporozoites measured 15 p; in stained
smears the mean length of 20 sporozoites was 13-2 w (10-0-15-5 ). As with P.b.
yoelii, sporozoites suspended in 209, rat serum in Ringer’s solution showed marked
bulging of their nuclei; but were infective to mice. This phenomenon was not seen
when sporozoites were suspended in culture medium 199, '

There was a difference between the odcyst rate and numbers of ogcysts in the wo
batches of mosquitoes. In the first batch, No. 34L, approximately 120 out of 200
mosquitoes fed on a mouse 7 days after it had been inoculated mtrapentoneally with
infected blood. 5-30 obcysts were seen on the midguts of 4 of 14 mosquitoes dissected

(28%)



PLATES 1-4, Primary exo-erythrocytic schizonts of P. b, yoelii and P. chabaudi in 4y
sections of liver from experimentally infected rats (R) and mice (M), Carnoy-fixed material.
Giemsa-colophonium stain,  Magnification x 1,200.
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PraTE 1. P. b. yoehi. Fig. 1. 25 hours (R). Fig. 2. 25 hours. Hydrolysed. Note

number of nuclei (R). Fig. 3. 30 hours. Hydrolysed. Note shapes of nuclei (R).

Fig. 4. 36 hours. Note basophilic aggregations of cytoplasm and peripheral vacuoles (R).

Fig. 5. 45 hours (R). Fig. 6. 50 hours (R). Fig. 7. 50 hours. Note pseudocytomere

formation and contraction away from host cell (M). Fig. 8. 50 hours. Almost mature.
Note nuclear pattern (R). Fig. 9. 50 hours. Mature (M).
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PLATE 2. P. b. yoelii. 50-hour schizonts (except fig. 6).
(R). Fig. 2. A section of the same schizont as Fig. 1.
nuclei and presence of phagocytes (R).
Note phagocytes (R).
of nuclei (R).
merozoites.

Fig. 1. Note pseudocytomeres
Hydrolysed. Note pattern of

Fig. 3. A rupturing schizont. Hydrolysed.
Fig. 4. An almost mature schizont. Hydrolysed. Note pattern

Fig. 5. Possibly the remains of a partially mature schizont after release of

Hydrolysed. Note phagocytes (R). Fig. 6. A schizont of uncertain identity
in the liver of T. rutilans naturally infected with P. b. yoelii and P. chabaudi.

Note small
number of nuclei, staining reaction of cytoplasm and obvious limiting membrane. Fig. 7.
An unusually small schizont (at 50 hours). Note beaded nuclei (R).
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PLATE 4

A. BESTERMAN ( Pinx.)

PLATE 4. P. chabaudi. Fig. 1. 53 hours. Partially mature. Note free merozoites and

phagocytes (M). Fig. 2. 53 hours. Hydrolysed. Last division of nuclei (M). Fig. 3.

53 hours. Hydrolysed. Note released merozoites at right, polar, sleeve-like lobe and

pattern of nuclei (M). Fig. 4. 53 hours. Unusual form. Note number, size and
arrangement of nuclei ; also phagocytes (R).
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In the second batch, No. 58L, about 95%, of the mosquitocs fed on a mouse 6 days
after inoculation. The odcyst rate was 80% (11 of 14) and 50-200 obcysts were scen
on cach infected gut. Because of a drop in temperature from 25° to 23°C. on the 10th
and 11th days, the odcyst growth in this batch was slightly delayed. Very few sporozoites
were present in the glands on the 11th day but the glands of one of two mosquitoes
dissected on the 12th day were heavily infected.

Primary exo-erythrocytic schizogony of P. chabaudi

Subinoculation of blood from mice given intravenous inoculations of sporozoites
from the glands of infected mosquitoes (batch 34L) showed that the earliest primary exo-
erythrocytic schizonts of P. chabaudi mature in 52-53 hours.

Schizonts were found in sections of liver, taken at biopsy or autopsy, from a series
of mice 28, 42, 50, 53 and 54 hours, after single intravenous inoculations of sporozoites
- from the glands of 60 mosquitocs of the second batch (58L; 809, odcyst rate); each of 3
mice received sporozoxtes from the glands of 20 mosquitoes. Schizonts were also
seen in sections of a piece of liver taken at biopsy from a laboratory rat 53 hours after
the intravenous inoculation of sporozoites from the glands of 18 mosquitoes; no para-
sitaemia developed in the rat.

In many ways the primary exo-erythrocytic schizonts of P. chabaudi resemble those
of P.b. yoelii. Deeply staining cytoplasmic clumps, marked nuclear patterns and a
sponge-like appearance due to the presence of tiny vacuoles are common to both parasites.
"The main differences are in the slower growth and the larger number of merozoites
of the tissue forms of P. chabaudi. All the schizonts were in parenchyma cells, the
nuclei of which remained unaffected by the parasite. ‘

28-hour schizont (Mouse 61L)

A single 28-hour schizont was found in 200 sections (24 sq mm. ) ot‘ a piece of mouse
liver taken at biopsy. ) ,

The schizont was first seen as a densely staining blue body, 9 p in diameter, lymg
within a binucleate parenchyma cell. On re-staining in Giemsa’s stain after acid hydro-
lysis it is seen to contain approximately 20 irregularly shaped nuclei (Plate 3, Fig. 1);

it fills little of the host cell, and is similar in size to the parenchyma cell nuclei.

42-hour schizonts (Mouse 60L)

About 4 schizonts were found in-each section (15 sq. mm) of a small piece of liver
taken at biopsy from a mouse 42 hours, after the inoculation of sporozoites; more than 50
schizonts have been exammed

_ In size and morphology, the 42-hour schizonts of P. chabaudi are similar to 36-hour
. forms of P.b. yoelii. They measure 231 X 11-8 £ (26:0-19-9 p x 19:9-10-5 p) in
diameter, and are round or oval in section, with a fine limiting membrane. Their outline
is often irregular. The cytoplasm is broken by small indistinct vacuoles, and deep blue
‘cytoplasmic aggregations are almost always a prominent feature (Plate 3, Fig. 2). In
sections stained by the Giemsa-colophonium method the nuclei are partially obscured
" by the deep blue cytoplasm, but after hydrolysis they are revealed as irregularly shaped
masses often connected to one another by fine strands of chromatin (Plate 3, Fig. 3).
Because of their bizarre shapes, an accurate count of the nuclei is nnp0551ble

50-hour schizonts (Mouse 60L)
The mouse on which a biopsy had been performed at 42 hours was kllled 8 hours later.
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) Between 42 and 50 hours the schlzonts had grown considerably ; mean measurements
are 36-2 X 23-7 1 (43-7-26-2 p X 31-2-18-7 u).

The cytoplasm stains deep blue and is broken by numerous very small vacuoles;

" the cytoplasmic aggregations scen at 42 hours are still present (Plate 3, Fig. 4). The

nuclei are round or oval, and are evenly distributed throughout the schizont. In sections

3 u thick they appear as groups-of 3-4 small “points.” Although an accurate count was
not possible, the number of nuc1e1 is 0bv1ously greater than at 42 hours.

53- and 54-hour schizonts (Rat 63L; Mouse 59L; Mouse 61L)

About 80 schizonts were studied in sections of the livers of 3 rodents 53 and 54 hours
after single inoculations of sporozoites. A liver biopsy was performed at 53 hours on
rat 63L; mouse 59L was killed at 53 hours and mouse 611, which had undergone a biopsy
at 28 hours, was killed at 54 hours. There are 1-4 schizonts in each section (30~-60 sq. mm.)
of liver from all three rodents. Except for a few unusual schizonts described below, the
forms seen in the liver of the rat are indistinguishable from those in the livers of the mice.

Mean measurements of 16 53-hour schizonts are 44:2 X 29-7 u (53-5-33-7 u X
33-7-24-5 p). They are usually oval, and sleeve-like lobes at one pole are common
(Plate 4, Fig. 3). :

At 53 and 54 hours, nearly all the immature schizonts seen have apparently completed
their last nuclear division. The nuclei are very small and numerous and, when stained
by the Giemsa-colophonium method, their red colour imparts a pink hue to the pale-blue
cytoplasm. Blue cytoplasmic aggregations occur in immature schizonts (Plate 3, Fig. 6)
and even persist in some fully mature forms (Plate 3, Fig. 7). Some schlzonts contain a
large vacuole. :

.- Merozoites form first at the periphery, and are often released before full maturity.
We estimate there are 18-20,000 merozoites in serial sections of fully mature schizonts.
Rupturmg schizonts are very quickly invaded by leucocytes (Plate 4, Fig. 1), and the
-cellular response of the host is the same as that seen in infections of P.b. berghei (YOELI
‘and MosT, 1965b) and P.b. yaelzz

A few forms show a formation of pseudocytomeres sxmﬂar to that demonstrated in a
schizont of P.b. berghei by GarnHAM et al. (1966), and by us in P.b. yoelii (compare
Plate 1, Fig. 7 and Plate 3, Fig. 5). - Such schizonts are typically contracted away from
the host cell cytoplasm, and in section give the appearance of a mosaic. As with P.b.
yoelii the scarcity of these forms suggests that thlS is a fleeting stage shortly before the
final nuclear division.

Hydrolys1s revealed 2 types of nuclear patterns " Firstly, in large immature schizonts
apparently in the final nuclear division, the nuclei are large, triangular or irregular in
shape, and are arranged in rosettes (Plate 4, F1g 2).  Secondly, when the last nuclear
division is complete and merozoite formation is in progress, the nuclei appear as small
oval or round dots arranged in circles or tubes, and tend to form a palisade at the periphery
of the schizont (Plate 4, Fig. 3).

Among the 53-hour schizonts in the liver of rat 63L there were a few unusual forms
which were never seen in'the livers of mice (Plate 4, Fig. 4). They are round or somewhat

irregular in shape, and are always large (40 w in diameter). The nuclei, which are

- comparatively few, are larger than those of other schizonts of P. chabaudi, and are round
or oval.. They stain bright red by the Giemsa-colophonium method, and are arranged
in roughly circular groups, and in a palisade at the periphery of the schizont with the
longltudmal axes of the nuclei pointing towards the centre. A loose basophilic reticulum
hes in clumps between the groups of nuclei. Phagocytes are usually found lying against
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the schizont, and in some instances, one or two scem to be just within the pellicle. Because
of the host’s reaction to these unusual schizonts, we believe them to be abnormal; possibly
they are the remains of a ruptured, partially mature form and may be the cquivalent in
P. chabaud: to somewhat similar forms of P.b. yoelii occasionally seen at 50 hours (Plate 2,

Fig. 5).

Schizonts in the livers of wild-caught Thamnomys rutifans

Lanpau and CHABAUD (1965) briefly describe some schizonts found in the paren-
cyma cells of the liver of a T, rutilans, from the République Centrafricaine, killed 10 days
after capture. The rodent was infected with both P. chabaudi and P.b. yoelii, and the
schizonts were thought to be secondary exo-erythrocytic forms of one or other of these -
parasites. Since this discovery one of us (I.L.) has found similar schizonts in the liver
of a Thamnomys which had been in captivity for 8 months, and which was also infected
with both plasmodia. ‘

Schizonts from both rodents are round or oval and have a conspicuous hmmng
membrane 0-5 p thick which is PAS-negative. The forms found in the first Thamnomys
measure approximately 25 . (LaNDAU and CHABAUD, 1965), whereas those in the second
rodent are Jarger; most are about 30 p. in diameter, and one, the largest found, is 48 x
35 p. The cytoplasm, which is vacuolated, stains pale blue by the Giemsa-colophonium
method, and contains a number of very small PAS-positive granules. The nuclei,
which are few (e.g. 150 nuclei in serial sections of a schizont 30 p in diameter), are
round or irregularly shaped masses, and stain deep red (Plate 2, Fig. 6). The nuclei
of some host cells are markedly enlarged. Mature schizonts containing merozoites
have not been found.

Discussion

The blood stages of P.b. berghei and P.b. yoelit appear to be morphologlcally in-
distinguishable, and the separation into subspecies is based upon differences in the
sporogony and primary exo-erythrocytic schizogony (LANDAU and KILLICK~-KENDRICK,
1966). The important criteria are among those used to separate 3 subspecies of P.
cynomolgi (GARNHAM, 1959; DISSANAIKE et al., 1965).

In the sporogony, an obv1ous morphologlcal difference is in the. diameter of the
mature odcyst. Those of P.b. berghei, grow to approximately 40 p. (RODHAIN et al., 1955;
YoELr and Most, 1960), whereas those of P.b. yoelii reach 60-80 n. A second difference
is in the temperatures at which infective sporozoites are produced. The optimum
temperature for the sporogony of the nominate subspecies is unusually low (19-21°C.),
" and if sporozoites are produced in obcysts at 24°C, or above, they fail to reach the salivary
glands of experimentally infected mosquitoes, and are uninfective when taken from
crushed odcysts (VANDERBERG and YOELI, 1965). In contrast, infective sporozoites of
P.b. yoelii are easily obtained in the glands of mosquitoes incubated at 25°C. This
difference is presumably related to the temperature at which sporogony of the two
parasites occurs in nature.

' While the present work was in progress, Professor Garnham and one of us (R. K.-K.)
obtained a series of schizonts of P.b. berghei in the livers of laboratory rats 30, 36, 45}
and 50} hours after single intravenous inoculations of sporozoites from the glands of
experimentally infected A. stephensi incubated at 19-20°C. Professor Garnham very
kindly made this material available to us, and we are thus able to compare the tissue
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stages of P.b. yoelii and P.b. berghei in two series of rat livers obtained in similar con-
ditions.* ' ‘

The most obvious difference is in size. Measurements of tissue forms of both
parasites are shown in Table 1, and in Fig. 4 the means of the diameters are plotted
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Fic. 4. Comparing the
rates of growth of the
primary exoerythrocytic
schizonts of P. b. yoelii and
P. b. berghei in the livers
of laboratory rats from 25
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venous inoculations of
sporozoites.
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against the number of hours after the inoculation of sporozoites. . The lines of the graph
represent parts of normal growth curves, and at each point the schizonts of P.b. yoeli
are seen to be larger than those of P.b. berghei.
Our measurements of tissue forms of P.b. berghei differ from those given by YOELI
and Most (1965b), but since nearly all the experiments reported by these workers
- involved more than one inoculation of sporozoites, the exact age of many of the schizonts
they describe is uncertain. In the liver of their Thamnomys 134, however, which was
killed 51 hours after the intravenous inoculation of sporozoites from crushed oocysts
and infected glands of A. stephensi, Yoeli and Most found schizonts with a wide range
of sizes, and record a mean diameter much larger than ours. , The largest of 18 schizonts
was 65 X 48 u, and the smallest 36 X 32 ; the mean diameter of “nearly mature schi- -

zonts” is given as 43 X 39 p. At 503 hours after the inoculation of sporozoites of the "

same strain we found that the diameter of 40 consecutive schizonts of P.b. berghei,
in the liver of a laboratory rat, varied from 33-7-26-0 p X 27-5-19-9 p, with a mean
0of30-5 x 22-4 . The difference is not easily explained, but may be due to the differ-

*Ideally the comparison should have been made between exo-erythrocytic schizonts of
P, b, Yoelii and those of the type strain of P. b. berghei. Unfortunately all early strains of
the nominate subspec1es no longer produce gametocytes, and such a comparison is now
impossible. The strain studied, however, No. NK65, was isolated from the type inver-
tebrate host, A. dureni, caught in the type locality (YOELI and MosT, 1965b), and among
many similar isolations no subspecific differences have yet been recognized.
1



TaBLE I. Comparison of the mean diameters of primary exo-erythrocytic schizonts of P. b. berghei and P. b. yoelii in sections of liver of

‘<

rats. ‘The figures in parentheses are the combined means of the average largest and smallest diameters

MOTUANAA-MOITTIN ¥ ANV VANV ENFUL

P. b. yoelit P. b. berghei
Age of ) .
schizont No. Mean diameters Range of diameters No. Mean diameters Range of diameters
(hours) | measured (w) ‘M) measured (W) W
9-4 x 6-9 10-7 - 7-6
25 6 - X -
8-1) 7-6 — 6-1
14-7 x 13-0 16-8 - 10-7 10-0 x 7-9 126 - 7-9
30 10 . X 3 x
(13-8) 13-7 - 10-7 @89 7-9
22-5 x 18-8 24-5 - 199 165 x 10-7 19-9 - 15-3
36 10 X 10 X
: (20-6) | 21-4 - 16-8 (13-6) 12-2 - 9-2
35-3 x 28-0 41-3 - 306 27-3 x 20-6 30-6 - 24-4
45% 30 X 40 X
31-7) 30-6 — 229 ‘ 23-9) 22-9 - 18-4
43-3 x 31-3 55-5 — 36-7 30-5 x 22-4 33-7 - 26-0
50* 30 X 40 X
(37-3) 36-7 — 22-9 (26-4) 27-5 - 19-9

*Schizonts of P. b. berghei were half an hour older than these times.

sv9



TaBLE II. The main differences between P. b. berghei and P. b. yoelii
i |
£ Mean diameter of Approximate no. of
: , Principal Size of . exo-erythrocytic merozoites in mature
I Locality vertebrate | Invertebrate | mature | Temperature - schizonts at 50 schizonts at 50
l host host odcyst | of sporogony | hours (in laboratory | hours (in laboratory
rats) rats) ‘
P. b. berghei Katanga . Thamnomys Anopheles 35-40u 19-21°C. 26 3,000-4,000
surdaster dureni (sporozoites
not infective
at 24°C.)
P. b. yoeli République ~| Thamnomys | - Not known | 60-80u | Sporozoites 37 8,000
Centrafricaine rutilans (No record of infective at
‘ A. dureni in 24-26°C.
the locality)

9%9

11o0& 10yS4sq ‘] ANV 1pnogpyd J 40 SAOVIS ANSSIL ANV ANODOYOJS
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ence in rodent host. In spite of the lack of agreement in these measurements, the
conclusion that the tissuc forms of 2.5, yoelii from 25 hours to maturity are larger than
those of P.b. berghei remains valid, since it is based upon two series of schizonts obtained
and measured in very. similar conditions; it is an important character separating the
subspecics. v ’

There are two other differences in the morphology of the primary exo-erythrocytic
schizonts. Firstly, the nuclei of large but immature schizonts of P.b. yoelz‘i are arranged-
in a striking pattern (Plate 2, Fig. 4) which is much less well defined in tissue forms of
P.b. berghei at a similar point of growth. Secondly, maturc schizonts of P.b." yoelii
in the livers of rats 50 hours after the inoculation of sporozoites contain approximately
8,000 merozoites, whereas, in the material examined by us, those of P.b. berghei at the
same time, and in the same host, contain only 4,000. The main differences between
the subspecies are shown in Table II.

The schizonts of P. chabaudi differ in a few ways from those of the two subspecies
of P. berghei; they take a longer time (53 hours) to mature, and produce an even larger
number of merozoites (18,000-20,000). In other respects, however, schizonts of P.
chabaudi are like those of P.b. yoelii. Both grow larger than the tissue forms of P.b.
berghei (37 v in diameter compared with 26 (), and large immature schizonts of both
parasites from the République Centrafricaine exhibit nuclear patterning to the same
degree. Similarly, in the sporogony, the mature odcysts of P. chabaudi and P. yoelii
reach a much greater size than those of P.b. berghei (80 ¢ compared with 40 ) and it
thus seems that the parasites from the République Centrafricaine share some characterls-
tics not shared by the nominate subspecies of P. berghei.

Secondary exo-erythrocytic schizonts of rodent plasmodia have not been demon-
strated in experimentally infected rodents. When the schizonts in the liver of a naturally
infected T. rutilans captured in the République Centrafricaine, and kept in the laboratory
for 10 days before examination, were first found, they were assumed to be secondary
forms of one of the two malaria parasites present in the blood of the animal (LANDAU
and CHABAUD, 1965). Since these forms are now known to differ morphologically
from the primary exo-erythrocytic schizonts' of P.b. yoelii and P. chabaudi, this identi-
fication is less certain. The only schizonts we saw in experimentally infected rodents
with any similarity to the forms in the T/amnomys (Plate 2, Fig. 6), were 2 unusually
_small schizonts in the liver of the rat infected with P.b. yoelif, and killed at 50 hours
(Plate 2, Fig. 7). Unlike what is thought to occur in the primate plasmodia, perhaps
slowly growing relapse forms of rodent malaria parasites arise directly from sporozoites,
or perhaps rodent plasmodla have secondary exo-erythrocytxc schizonts bearmg little
resemblance to the primary forms.

Elsewhere we have briefly commented upon the relationships. between 4 malaria
parasrces of African rodents, and have supgested that they represent two examples of
vicariance (LANDAU and KILLICK-KENDRICK, 1966). In Katanga, P.b. berghei is a parasite
of T. surdaster, whereas in the République Centrafricaine the closely related rodent,
T. rutilans, is commonly infected with P.b. yoelsi; the blood forms are very similar, but
the subspecies can be differentiated by the characters of the sporogony and primary exo-
erythrocytic schizogony. Similarly, P. vinckei occurs in Katanga, and P. chabaudi in the
République Centrafricaine; these smaller parasites can.be separated from one another
by morphological differences in their blood forms, and by differences in their effect upon
infected erythrocytes. More examples of vicariance among the malaria parasites of the
African Murida¢ may be revealed after a study of the life-cycles of two plasmodia—one
of the berghei-group, and the other of the vinckei-group—recently reported in Thamnomys
captured near Brazzav1lle in the Congo Republic (ApaM et al., 1966). .
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The new knowledge of the relationship between the two subspecies of P. berghe:
leads us to suggest that if it becomes possible to compare the sporogony and primary
 exo-erythrocytic schizogony of P. chabaudi and P. vinckei, any differences revealed

may be so similar to those between P.b. yoelii and P.b. berghei that P. chabaudi may be
more correctly considered as a subspecies of P. vincker. “We think it best, however, to
make no change in the position of P. chabaudi until more is known of the newly isolated
- vinckei-group plasmodium from Brazzaville (ADAM et al., 1966); new light may then be
thrown on the relationships of the parasites of the whole _group.
We believe that P.b. yoelii and P. chabaudi will be among the most useful plasmod1a
available in the laboratory for studies on sporozoite-induced mammalian malaria, parti-
- cularly in studies on immunity, chemoprophylaxis and chemotherapy. Because of the
high incidence in wild T rutilans, new strains are easily obtained, and, unlike the malaria
parasites of monkeys, suitable vertebrate hosts, laboratory rats and mice, are cheap and
easily housed. A. stephensi, a mosquito which has long been established in laboratory
colonies, is a good invertebrate host* in which infective sporozoites of both parasites
are readily produced furthermore, when transnuttmg P.b. yoelit and P. chabaudi through
mosquitoes in the laboratory there is no need to maintain a cool insectarium such as is
eessential for the successful sporogony of P.b. berghez

Summary

The sporogony and primary exo-erythrocytic schizogony of two rodent plasmodia
recently discovered in the République Centrafricaine were studied in Anopheles stephensi,
and in laboratory.rats and mice given single intravenous. inoculations of sporozoites.

Obcysts of both Plasmodium berghei yoelit and P. chabaudi grow to a diameter of
80 p. at a temperature of 25°C. Sporozoites of the former parasite enter the glands’ of
A. stephensi on the 9th day, and of the latter on the 11th day. The mean length of
sporozoites of both para51tes is between 13 and 14 .

Descr1pt10ns are given of schizonts of P.b. yoelii in the parenchyma cells of livers
of rats and mice 25, 30, 36, 45 and 50 hours after inoculation, and of P. chabaudi at
28, 42, 50, 53 and 54 hours. The inoculation of blood from sporozoite-infected rodents
shows that the first schizonts of P.b. yoelsi mature at 43 hours and those of P. chabaudi
at 53 hours. Mature schizonts of both parasites grow to a mean diameter of 37 . '

Presumed secondary cxo-erythrocytic schizonts found in the livers of two Tham-
- nomys rutilans naturally infected with both P.b. yoelii and P. chabaudi are described;
these forms differ morphologically from the primary exo-erythrocync schlzonts seen in
experimentally infected rodents.

The differential characters of P.b. yoelii and P.b. berghez are reviewed, and the
relationships between P.b. berghei and P. vinckei from Katanga, and P.b. yoelii and
 P. chabaudi from the République Centrafricaine, are discussed.

P.b. yoelii and P. chabaudi are easily maintained cyclically in the laboratory, and are
likely to be extremely useful in studies on immunity, chemoprophylaxis and chemotherapy.

i

*At the time of writing, the natural invertebrate host of P. b. yoelii and P. chabaudi
is unknown. A. dureni, the natural mosquito host of rodent plasmodia in Katanga, has not
been reported from the République Centrafricaine (HAMON et al., 1956), and the only
anopheline larvae found in the habitat of infected T. rutilans were those of A. obscurus and
A. paludis (LLANDAU and CHABAUD, 1965). (At first, the larvae of A. paludis were wrongly
identified as those of A. coustani, a closely related species; a final identification by M. J.
‘Hamon has since been made on mosquitoes hatched in the laboratory.).

!



IRENE LANDAU AND R. KILLICK-KENDRICK 649

REFERENCES

ApaMm, J. P., Lanpau, 1. & CHapaup, A. G. (1966). C.R. Acad. Sci., Paris, 263, 140.

Box, E.D., CELAYA, B. L. & GINGRICH, W. D. (1953). Amer. J. trop. Med. Hyg., 2, 624,

Bray, R, S (1954), Indian . Malar., 8, 263,

(119‘57). Studies on the Exo- erythrocyttc Cycle in Genus Plasmodium. London: H. K.
CWIS.

, BURGESS, R. W. & BAKER, J. R. (1963). Awmer. J. trop. Med. Hyg., 12, 1.

& GARNHAM, P. C. C. (1962). Indian ¥. Malar., 16, 153,

CELAYA, B, L., Box, E. D. & GINGRICcH, W. D. (1956). Amer. . trop. Med. Hyg., 5, 168,

DISSANAIKE,A S., NELSON, P. & GArNHAM, P. C. C. (1965) Ceylon §. med. Sci., 14, 1.

GARNHAM, P, C, C (1951). Trans. R. Soc. trop. Med. Hyg., 45, 45. ;

(1959). Riv. Parassit., 20, 273.

55, 98. .
& BrAy, R. S, (1956) Rev. bras. Malar., 8, 152.
» LANDAU, I. & KiLLICK~-KENDRICK, R. (1966). Trans. R. Soc, trop. Med. Hyg., 60, 4.
HAMON, J., Apam, J. P. & GRJEBINE, A. (1956). Buil. Wid Hith Org., 15, 549.
Lanpau, 1. (1965). C.R. Acad. Sci., Paris, 260, 3758.
& Cuasauvp, A. G. (1965). Ibid., 261, 230.
& Ki1LLIck-KENDRICK, R. (1966). Ibid,, 262, 1113.
MicHIELS, G. (1963)." Ann. Soc belge Méd. trop . 43, 83.

MORGAN, J. F., MorTON, H. J. & PARKER, R. C, (1950). Proc. Soc. exp. Biol. Med., 16, 118, .

PEREZ-REYES, R (1953).  ¥. Parasit., 39, 603. .

RODHAIN, J., WaNsON, M. & VINCKE, 1. H. (1955). Ann. Soc. belge' Méd. trop., 35, 203,

SHortT, H. E. & COOPER, W. (1948). Trans. R. Soc. trop. Med, Hyg., 41, 427.

& GARNHAM, P. C. C. (1948). Ibid., 41, 785.

SHUTE, P. G. & MARYON, M. (1966).- Laboratory Technique for the Study of Malaria.
2nd Ed. London: J. & A. Churchill.

VANDERBERG,] & YoELL, M. (1965). Ann. Soc. belge Méd. trop., 45, 419, .

VINCKE, 1. H. (1954). Indian ¥. Malar., 8, 245.

WoLBACH, S. B. (1911). ¥. Amer. med. Ass., 56, 345.

. WorcotT, G. B. (1952). ¥. Morph., 90, 189,

YoELI, M. (1965). Trans. R. Soc. trop. Med. Hyg., 59, 255.

& Mosrt, H. (1960). Ibid., 54, 549.

—_— & (1965a). Nature, Lond., 205, 715.
—_—& (1965b). Amer. ¥. trop. Med. Hyg., 14, 700,
_ & BONE, G. (1964). Science, 144, 1580.

» ) & (1965). Ann. Soc. belge Méd. trop., 45, 267.
. —— & WaLL, W. J. (1951). Nature, Lond., 168, 1078
—_—& = (1952). [Iéid., 169, 881.

, BIRD, R. G., BAKER, J R. & Bray, R. S. (1961). Trans. R. Soc. trop., Med. Hyg.,‘



fmprimé avee lo périodiquo Bulletin de la Société de Pathologie exolique.
Extrait du tome 00, n° 2, Mars-Avril 1967 (pages 118 a 127).

REPARTITION ET CARACTERES DIFFERENTIELS
DES PLASMODIUMS DE MURIDES

Par P. C. C. GARNHAM, I. LANDAU, R. KILLICK-KENDRICK ¢t J. P. ADAM (*}

De nombreuses souches de Plasmodium de Rongeurs dont le
comportement dans la nature et au laboratoire n’est pas identique
ont été isolées récemment d’Afrique.

Bien que, pour certaines de ces souches, I'étude épidémiologique
et celle des conditions optima de transmission au laboratoire soient
encore incomplétes, il nous a paru néeessaire de faire dés & présent
une mise au point de leur distribution géegraphique et de leurs prin-
cipaux caractéres différenticls.

Trois foyers de paludisme des Muridés sont actuellement connus en
Afrique : le Katanga, la République Centrafricaine et le Congo-
Brazzaville. Un quatri¢me foyer, encore mal connu, existe au Nigeria
ot Bruce-Cnwarr et Gisson (1055) ont signalé Pinfection d’un
Praomys tulbergi par un Plasmodium. -

Dans chaque foyer géographique, bien que les modalités de I'infec-
tion varient chez les Rongeurs dont la majorité appartient au genre
Thamnomys, deux espéces distinctes parasitent, seules ou en asso-
ciation, le méme héte vertébré. L'une appartient au groupe berghei
qui comprend actuellement Plasmodium berghei Vincke et Lips, 1048
au Katanga, P. b. yoelii Landau et Killick-IKendrick, 19066 en R. C. A.
et Plasmodium sp. proche berghei 2 Brazzaville. L’autre est consti-
tuée par Plasmodium vinckei Rodhain, 1952 au Katanga, Plasmo-
dium chabaudi Landau, 1965 en R.C.A., Plasmodium sp. proche

. chabaudt & Brazzaville. Le Plasmodium sp. Bruce-Chwatt et Gibson,
1955 du Nigeria se classe vraisemblablement dans ce dernier groupe.

La classification de ces Plasmodiums en deux groupes repose sur
des différences morphologiques, d’une part (Vincke, 1048, RopnAIn,
1052, LAnNDAU, 1965, Lanpavu et KiLrick-Kenprick, 1965 a et ),
sur des expériences d’immunité croisée (Cox et Vorrer, 1066),
d’autre part. Par ailleurs, les techniques d’immuno-fluorescence et
d’hémagglutination (Bray et Er Namai, 1966) permettent de sépa-
rer de fagon trés nette P. b. berghei ct P. b. yoeltt, d'une part, de
P. vinckei et P. chabaudi, d’autre part.

(*) Séance du 8 mars 1967.



TarLEau 1

Epidémiologte.
. Distribution Hote vertébré Héte invertébré et .
Parasite géographique dans la nature dans la nature Végétation Altitude
P. b. berghei Katanga Thamnomys surdaster Anopheles dureni Forét-galerie 1.000 & 1.500 m.
Praomys jacksont | {taux d’infection
Leggada bella trés élevé) .
{taux d'infection faible)
P. b. yoelii R.C.A Thamnomys rutilans Inconnu Forét tropicale 600 m.
(taux d’infection - primaire
tres éleve)
Plasmodium sp. Congo-Brazzaville Thamnomys rutilans Inconnu Forét-galerie 340 m.
proche berghet {taux d’infection faible)
P. vinckei Katanga (région de Kamena) Inconnu (*) Anopheles dureni Forét-galerie 1.000 m.
P. chabaudi R.C.A. Thamnomys rutilans Inconnu Forét tropicale 600 m.
{taux d’infection primaire
trés élevd)
Plasmodium sp. Congo-Brazzaville Thamnomys ruttlans Inconnu Forét-galerie 340 m.
proche chabaudi (taux d’infection élevé)
Plasmodium sp. Nigeria Praomys tulbergi Inconnu Forét tropicale 150 m.

proche vinckei

secondaire

(*} Plasmodium vinckei n’a jamais pu étre isolé & nouveau A partir des Moustigues ou des Rongeurs malgré des tentatives répétées. Son taux d’infec-

tion doit done étre tris faible,
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Lorsque 'on fait nne étude approfondie des parasites d’'un méme
groupe, on peut noter des différences morphologiques et biologiques.
Ainsi, I'étude du cycle complet des souches de Plasmodinum berghet
du Katanga et de la République Centralricaine a révélé des diffé-
rences dans la sporogonte, Ja schizogonie pré-érythroeytaire ct la
température optima de transmission (Lanpav el Kinnicg-Ken-
pRICK, 1906) qui ont permis de les séparer en sous-espéces
distinctes,

irnéMiorLoGie

Des différences de température viennent s’ajouter aux variations
d’altitude et de végétation, Dans les hauts plateaux du Katanga,
la température peut descendre trés bas aucours de la saison séche (303
en Juillet) selon Vincke (1954), alors qu’elle ne descend pas au-dessous
de 14° dans la fordt en R. C. A. et de 109 4 Brazzaville. L’importance
du role de la température dans la transmission des Plasmodiums de
Rongeurs a été mise en évidence par Yoxrrt (1965), et VANDERBERG
et Yorrnr {1965 et 10606) qui ont démontré que le Plasmodium
b. berghei isolé dans les hauts plateaux du Katanga ne pouvait étre
transmis par les Anophéles au laboratoire qu’a des températures
inférieures & 229 Les souches de la R. C. A. et de Brazzaville, par
contre, peuvent &tre transmises entre 23 et 200,

Par ailleurs, le taux extrémement élevé de U'infection dans le sang
des Thamnomys rutilans de Ia R. C. A. (100 0 /o des adultes parasités
en mars 1965, d’aprés Lanpnav.et Cuanaup, 1965), celul également
élevé de ceux du Congo-Brazzaville (40 0 /0 en mars 1966, d’aprés
Apay, Lanpav et Cransaup, 1966) et fa mise en évidence de leur
importance comme réservoir de virus est en contradiction avee les
constatations des auteurs belges qui isolent plus facilement leurs
souches & partir des Anophele.s dureni que des Rongeurs rarement
trouvés infectés dans la nature.

Le taux relatif d’infection dans la nature des Rongeurs par les
deux espéces de Plasmodium pourrait également &tre conditionné
par les températures locales et celle 4 laquelle se fait la transmission
de chaque parasite. Ainsi, dans le cas de Plasmodium berghet, c’est
au Katanga on les tempéralures sont les plus basses que I'on trouve
le plus fort pourcentage d’infection, suivi par la République Centrafri--
caine ou 50 0/0 des Rongeurs parasités le sont par ceite espéce.
Enfin, & Brazzaville, région la plus chaude, une seule souche de Plas-
modium sp. proche berghet a ¢té isolée pour 10 souches de Plasmodiwmn
sp. proche vinckei.

Seule 'autopsie permet de diffévencier Thamno.nys rutilins de
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T. surdaster et, comme ces deux Rongeurs coexistent souvent dans
des gites trés proches, il cst parfois difficile de déterminer leur part
respective dans I’épidémiologie des Plasmodiums de Muridés.



Tasresv II

Schizogonie érythrocytaire des Plasmodiums de Muridés.

Parasite

Jeunes anneaux
avec doubles points
chromatiniens (**})

Nombre de mérozoites
dans les schizontes
murs {**)

Prédilection
pour les
réticulocytes {**)

Medifications
des hématies
parasitées (**)

Réceptivitée
des Rats
et Hamsters {*)

P, b. berghei
P. b yoelii

Plasmodium sp.
proche berghet
{Brazzaville)

P. vinclet

P. chabaudi

Plasmodiumn sp.
proche chabaudi
(Brazzaville)

Plasmodium sp.
proche vinckei
(Nigeria)

Rares
Rares

Rares

Fréquents

Fréquents

Fréquents

Fréquents

314
8 a16

122 16

§ en moyenne

Saiz

Saiz

Oui
Oui
Qui

Non

Taille augmentée

Taille normale

Taille normale
« rougeoicment »
parfois petites
« perles bleues »

Taille normale
« rougeoiement »

Taille normale

Réceptifs
Réceptifs

Réceptifs

Réfractaires

Reéfractaires

Reéfractaires

(*)- Des souches infectant le Rat et le Hamster peuvent cependant étre sélectionnées par passages & des animaux splénectomisés.

(**) Dans le sang de la Souris blanche,
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SCHIZOGONIE ERYTHROCYTAIRE

Dans le tableau 11, nous avons comparé 'infection sanguine chez
la Souris blanche des différentes souches de Plasmodium isolées en
Afrique ainsi que la réceptivité des Rats et Hamsters.

La morphologie des Plasmodiums de Rongeurs dans le sang est
variable dans certaines limites. Ainsi le nombre de mérozoites dans
les rosaces mires peut varier du simple au double selon que 'examen
a lieu en début d’infection ou peu avant la crise. Les chiffres donnés
dans le tableau ont é1é déterminés dans la mesure du possible sur
des souches d’isolement récent ct peu avant la crise.

La virulence des souches est également un mauvais critére de sépa-
ration des espéces. Elle dépend de nombreux facteurs tels que I'age
et la souche de Rongeurs (MosT et coll., 1066, Nussenzweic et coll,,
1966) et de la présence dans le sang des Rongeurs d’organismes tels
que Haemobartonella ou Eperythrozoon (PetErs, 1065, OrT et STAU-
BER, 1900).

'SPOI{OGONIE ET S$CHIZOGONIE PRE-ERYTHROCYTAIRE

Le cycle complet de trois de ces Plasmodiums a été étudié au labo-
ratoire (Lanpau et Kirrick-Kexvrick, 1966 a, b). Le tableau III
indique les caractéres différentiels de Plasmodium b. berghei, de
P.b. yoelit et de P. chabaudi. Leur sporogonie a été étudiée chez
Anopheles stephensi, la schizogonie pré-érythrocytaire des Plasmo-
diums du groupe berghei chez le Rat blanc, et celle de Plasmodium
chabaudi chez 1a Souris blanche.

Les comparaisons entre les sporogonies et les schizogonies pré-
érythrocytaires ont été failes sur un matériel préparé dans des condi-
tions presque identiques, en utilisant les mémes procédés de fixation
et de coloration. En particulier, les courbes de croissance de P. b. ber-
ghet et de P. b. yoelii ont été tracées a partir de foies de Rats hiop-
siés ou sacrifiés i heures fixes aprés une inoculation unique de sporo-
zoites. ‘

Actuellement, nous pouvons donc constater que chaque souche
connue peut é&tre classée dans I'un des deux groupes, celui des Plas-
modiums type berghet, ou celui des Plasmodiums Lype vinckei. Cepen-
dant, I’étude de la sporogonic et de la schizogonie pré-érythrocy-
taire de trois d’entre eux nous a permis de constater que P. b. yoelit
et P. chaubaudi provenant de la méme région géographique et qui
appartiennent & deux groupes différents possédent en commun des
caractéres tels que la taille des oocytes, celle des schizontes pré-éry-



T'ABLEAU 111

Sporogonie et schizogonie pré-érythrocytaire
de P. b. berghei, de P. b. yoclii et de P. chabaudi.

Parasite

Sporogonie

Schizogonie pré-érythrocytaire

Température nécessaire
a l'obtention de
sporozoites infectants

Taille des

oocystes minrs

Age des premiers

schizontes miirs

Taille moyenne
des schizontes

Nombre approximatif
des mérozoites dans les
schizontes murs

P. b, berghei

P. b. yoelii

P. chabaudi

19 & 21°

23 i 26°

23 a 26°

34a40u
60 4 8ou

60 i 8ou

4 heures

43 heures

53 heures

26 & 50 heures

371 4 50 heures

371 & 53 heures

4.000

S.coo

18.000
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Fig. 2. — Courbe de croissance de Plasmodium B. Berghei et P. B. Yoelii
dans le loie de rats blancs d’aprés Laxpau et Kinick-Kenpnick, 1966,

throcytaires, et la température & laquelle s’effectue la transmission,
gui les différencient trés nettement de P. b. berghei.

REsuvmz

1) L’identification des différents Plasmodiums de Muridés doit se
baser sur I'étude de leur cycle biclogique complet.

2) Quatre foyers ont été découverts en Afrique. Ce sont, par ordre
d’altitude décroissante : le Katanga, la République Centrafricaine,
le Congo-Brazzaville, le Nigeria Occidental.

3) Les espéces appartiennent & deux groupes (berghei et vinckei)
qui présentent entre eux des différences morphologiques et séro-
logiques nettes.
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4) La diflérenciation des espéces ¢t sous-espéees repose sur :
a) 'hote vertébré, b) 'hidte invertébré, ¢) les formes érythrocytaires,
d) les formes exo-érythrocylaives, ¢) la sporogonie et sa lempéra-
ture optima, f) la sérologie, g) la réeeptivité des Rats et Hamsters,

. SumMARY

1. The identification of the different malaria parasites of
Muridae can only be made after observations on their complete life
cycles.

2. There are 4 known localities in tropical Africa where rodent
malaria oceurs: (i) Katanga (at a high altitude), (ii) The Central
African République (at a lower altitude), (iit) Congo-Brazzaville (at
a still lower altitude) and (iv) Western Nigeria (at the lowest altitude).

3. The species fall into two groups (berghei and vinckei) which show
clear-cut morphological and serological differences.

4. Specific differentiation 1s made on the basis of (i) vertebrate
host, (it) invertebrate host, (iii) erythrocytic forms, (tv) exoerythro-
cytic forms, (¢) sporogonic characters, including the effect of tempe-
rature, (¢f) serology and (vii) susceptibility of rats and hamsters.

[Department of Parasitology, London School of
Hygiene and Tropical Medicine, Laboratoire de
Zoologie (Vers), Museum National d’ Histoire
Naturelle et ORSTOM (Centre de Brazzaeille)].
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ELECTRON MICROSCOPE STUDIES ON THE MOTILE STAGES OF
MALARIA PARASITES

VII.- THE FINE STRUCTURE OF THE MEROZOITES OF
EXOERYTHROCYTIC SCHIZONTS OF PLASMODIUM BERGHEI YOELI

P. C. C. GARNHAM, R. G. BIRD, J. R. BAKER anp R. KILLICK-KENDRICK
London School of Hygiene and Tropical Medicine, Keppel Street, London, W.C.1

In 1960, when we began our studies on the fine structure of malaria parasites, we
intended to confine our attention to the sexual stages, where special locomotory activity
of the organism occurs, and in which characteristic organelles were likely to be present.
Our successive papers on this subject confirmed the correctness of this view. However,
many of these structures (apical rings, conoid, paired organelles and other apical rods,
subpellicular fibrils and the micropyle or cytostome) have subsequently been detected
by other observers in asexual forms of the parasite, and HUFF et al. (1960) clearly demon-
strated by time-lapse cine—photomicrography the remarkable motility of the exoerythro-
cytic merozoites escaping from the mature schizont in tissue cultures of Plasmodium
gallinaceum. In the final development of the parasxtes in the blood, motility (apart from
pseudopodxal activity of the early trophozoite) is negligible and HEPLER et al. (1966)
point out how, at this stage of the cycle, many of the characteristic organelles disappear.

The fine structure of the exoerythrocytic stages of avian species has been studied
by various North American workers, chiefly from preparations in tissue culture. We
thought that a comparison should be made between the avian and mammalian species,
but as no culture method had yet been successfully devised for the latter, we concentrated
on getting heavy infections in the liver of the vertebrate host. The use of new strains
- of rodent malaria parasites provided us with suitable material, in which the tissue forms
were sufficiently numerous to be detectable for electron microscopy. We made no
attempt to observe the early stages of exoerythrocytic schizogony but confined our .
attention to the mature schizonts and particularly to released merozoites. A brief
account of the preliminary observations was glven after a laboratory demonstration
(GARNHAM et al., 1967). »

» Materials and. methods

150 Anopheles stephensi which had been fed 13 days previously on a mouse infected
with P. berghei yoelii (strain 17X), were dissected into medium 199 to produce 1-3 ml. of a
suspension containing approximately. 2,800,000 sporozoites per ml. (total 3-6 million), -
Intravenous injections of 0-65 ml. (containing about 1-8 million sporozoites) of this sus-
pension were given to each of 2 laboratory-bred mice.

’ 45-5 hours after infection, malaria paras1tes were seen in the peripheral blood in both
mice. The mouse with the heaviest parasitaemia was Kkilled by exsanguination under.
anaesthesia 52 hours after infection. The liver was excised at once and part put into
Carnoy s fixative for light microscopy. From the remainder, a small portion was used to
make impression smears for both hght and electron microscopy. The rest of the liver
was divided into two: one of these pieces was put into 0-9% sodium chloride solution,
the other into the Rhodin and Zettergvist buffer solution (pH 7-4). These large liver
slices were immediately cut into smaller bits, 1 mm. cube; those in saline were transferred
to ice-cold 1-29% potassium permanganate in 0-9% saline solution and fixed for 1 hour,
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thcn washed in sevcral changes of normal saline before being dehydrated and embedded
in Araldite. Those in the buffer solution were fixed with ice-cold osmium tetroxide in
the Rhodin and Zetterqvist buffer for one hour, half of them being prefixed for 2 hours
in 39, glutaraldehyde in similar buffer,

' These methods of preparation have been described in more detail in previous papers
(GarNHAM, BIRD and BAKER, 1967; GARNHAM et al, 1969). Cutting, mounting and
examination of sections were carried out as described m the first of this series of papers
(GArNHAM, BIRD and BAKER, 1960),

Results

Examination of sections under the light microscope showed that very heavy infections
of exoerythrocytic schizonts were present, e.g. 96 schizonts were seen in one section
(7-3 mm.?) from one of the mice.

Mature exoerythrocytic schizonts

Lanpau and Kirtiick-KeNDRICK (1966), in their description of exoerythrocytic
schizogony of Plasmodium berghei yoelii, refer to the production of pseudocytomeres
in the maturing parasite. In the present material it is apparent that some schizonts
were in just this stage and the production of merozoites by budding from these structures
is clearly seen in Figs. 1 and 2. The nuclei migrate to the bases of small projections
from the surface of the pseudocytomeres, At the extremity of each of these projections,
a second membrane develops, beneath the original surface membrane of the schizont
(Fig. 3a). Subsequent changes in these two membranes are thought to give rise to the
apical rings and conoid of the fully formed merozoite (Fig. 3). Just behind the conoid -
is the paired organelle either in the form of its electron-opaque portion or the expanded
vesicular part. This arrangement clearly indicates that the anterior part of the merozoite
emerges first. The cytoplasm of the pseudocytomere and of its budding merozoites
contains very numerous ribosomes, but no mitochondria or centrioles were seen.

Probably the final maturation process is very rapid, for in the same material as that
~ containing the “budding” schizonts described above, schizonts (Fig. 4) may be found of
which the contents consist almost wholly of separated merozoites, and still others in
which the parasite has ruptured and some merozoites can be seen in the adjacent smusoxd
(Fig. 5).

Exoerythrocytic merozoites

The merozoite (Figs. 6-10 and 13) is a squat, pear-shaped object about 1-5 p in
length. The anterior end is drawn out into a knob which terminates in 2 apical rings.
to which is attached the conoid (Figs. 8-10 and 13). The pellicle is composed of 2 unit:
membranes separated by an elecn'on-transparent space, appearing at low magnification.
as a tnpartlte structure (Fig. 11). There is, in the region of the nucleus, a circular
depressmn in the pellicle, approximately 70 my deep, with an average diameter of 75 mys.
it is, almost certainly, a non-funcnomng cytostome, previously referred to as a “micro~
pyle” (Figs. 12, 20). The inuer electron—opaque membrane does not take part in this

infolding but ends at its edge. .
‘ The nucleoplasm has at least 2 constituents. One is finely granular of medium
electron-opacity and forms the ground substance, while the other is coarsely granular,
heterogeneous in appearance and contains larger opaque granules of patchy distribution
(Fig. 8). In the newly formed merozoites, the nucleus is nearly always immediately
adjacent to the posterior, broader end.
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" The cytoplasm is characterized by large ribosomes, closely packed, but often seen
in rows with regular spacing indicating attachment to the associated endoplasmic reti-
culum (Figs. 8 and 14).

A prominent feature among the ribosomes in ‘over 25%, of the merozoite sections,
is an aggregation of smooth concentric membranes, varying in form and complexity
but usually round or oval. . This organelle lies close to the nucleus between it and the
pellicle and sometimes occupies up to a quarter of the cytoplasmic area (Figs. 15 and 16).

The anterior “secretory” organelles are very prominent in all merozoites. The
swollen appearance of the paired organelle is usually very marked (Fig. 7); each lobe may
reach a length of 1-4-1-5 p with a width of 0+ 12 y, narrowing into a “duct” at the anterior
extremity. Dense bodies are frequently also present (Figs. 6, 7, 8, 9), some of which
may be cross sections of a highly convoluted, electron-opaque, paired organelle in a
different stage of activity. Both features are often seen together, even in the budding
merozoite (Fig. 2). Subpellicular microtubules were not seen, but a network of micro-

- filaments forming a framework in the surface membrane was clearly visible at the neck
of one of the flask-shaped organisms (Fig. 17).

Erythrocytic merozoites

Once the merozoite is inside an erythrocyte, many of the original organelles rapidly
disappear. The organism loses one of its membranes and the paired organelles, and
rounds up within the stroma of the erythrocyte in a vacuole lined by a membrane in-
distinguishable from the erythrocyte’s own surface membrane. Multiple invasion of a
corpuscle is not uncommon (Fig. 18). ‘

A possible remnant of the apical rings is seen in one organism (Fig. 19) at the
opposite pole to the aggregation of smooth membranes. In one section (Fig. 18) the
latter appears to be expanding to form smooth endoplasmic reticulum.

Ribosomes are numerous and the endoplasmic reticulum is more prominent. In
some sections the nucleus is lobulated as if dividing (Fig. 18) A large electron-opaque
mass, similar in appearance to the erythrocytlc stroma, is probably a phagotrophlc
-vacuole (Fig. 20); the cytostome is also seen in this section.

. ABBREVIATIONS USED ON MICROGRAPHS
AR~ apical rings M | — merozoite -

C — conoid ' N — nucleus of parasite .
'CT — cytostome ‘ OM — outer membrane of pellicle

DB — dense body PC — pseudocytomere

E — erythrocyte PM  — parasite membrane

13y — microfilaments of surfacemembrane PO  — paired organelle

HCM — host cell membrane PV — phagotrophic vacuole

IM.  — inner membrane of pellicle SMO — smooth membraned organelle

L — leucocyte -

All figures are electron micrographs of sectlons through exoerythrocytlc SChlZOI'ltS or
merozoites of P. berghei yoelii ﬁxed with glutaraldehyde and osmium tetroxide (except for
Fig. 13).
© - Magnification is indicated by a line drawn on each figure.
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F16. 1. Pseudocytomeres in a maturing schizont. Some indication of a host cell reaction to the parasite is shown by abnormal vacuolation
of the host cell cytoplasm and the presence of 3 leucocytes. Fi1G. 2. Merozoites budding from a pseudocytomere.
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F1G6.3. An early budding merozoite, showing well developed apical rings and advanced nuclear extension. FIG. 3a. Part of a pseudocytomere
showing second, inner, membrane at site of budding merozoite. FIG. 4. A mature schizont, the contents of which consist largely of separated
merozoites.



F1G. 5. Section through a sinusoid, adjacent to a ruptured schizont, containing one erythrocyte and two groups of merozoites. FiGs. 6-8.
Representative sections of mature exoerythrocytic merozoites.
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F1Gs. 9-10. Representative sections of mature exoerythrocytic merozoites. F1G. 11. Section through the pellicle of a merozoite. FIG. 12.
Section of a merozoite showing the cytostome (“micropyle”). FIG. 13. Section of a merozoite fixed with potassium permanganate, showing the

conoid.



FI1G. 14.  Section through two merozoites showing, at arrows, ribosomes in parallel rows. FIG. 15. Section through a merozoite
illustrating the aggregation of smooth membranes, close to the nucleus.



F16. 16. Section through a merozoite illustrating the aggregation of smooth membranes, close to the nucleus. FIG. 17. Surface section of the
anterior end of a merozoite showing fine microfilaments forming a framework in the surface membrane. FiG. 18. Merozoites within an
erythrocyte in a liver sinusoid close to a ruptured schizont.



F1G. 19. Possible residual apical rings in a section through a merozoite within an erythrocyte. F1G. 20. Section of a merozoite within
an erythrocyte showing phagotrophy and a cytostome.
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Discussion

The exoerythrocytic merozoites which we have described resemble those of avian
malaria parasites (AIRAWA, 1966; HEPLER et al,, 1966) and the erythrocytic merozoites
of P. vinckei and P. chabaudi (VICKERMAN and Cox, 1967; Scarzr and BAHR, 1968);
even the details of the budding process appear to be much the same as seen in the present
work and in the description of the phenomenon in these other species. However,
mitochondria, which are prominent features of the avian schizonts and merozoites, were
not seen in our material, even after fixation in potassium permanganate; neither were
they seen with any certainty by the above-mentioned authors in erythrocytic merozoites
of P, vincket and P, berghei We think it possible that the round or oval organelle,
composed of concentric membranes, which we saw in the merozoites of P, b. yoelii,
may replace the more conventional mitochondrion of the avian species. RUDZINSRA
and TRAGER (1959 and 1968) described ‘‘concentric-membraned organelles” in the
erythrocytic forms of P. berghet and P. coatneyi respectively, which they thought were
mitochondrial in function, and it may be that these organelles are characteristic of the
forms of this species which develop in the vertebrate host. Conventional mitochondria
have been seen in odkinetes (GARNHAM et al., 1969), o6cysts and sporozoites (VANDERBERG
and RHODIN, 1967) of P, berghei.

" The exoerythrocytic merozoites of P, fallax described by HEPLER et al. (1966) were
more elongate than those seen in the present study; however, AIRAWA (1966) found the
erythrocytic merozoites of P. fallax, P. lophurae and P. cathemerium to be very similar
in shape to the exoerythrocytic forms of P. berghei described above. HEPLER et al. and
Aikawa recorded the presence of subpellicular microtubules in the merozoites of these
avian species of Plasmodium and spindle fibrils in the dividing nuclei of the schizonts.
A similar spindle with fibrils about 200 A in diameter was described by BUTTNER (1967)
in nuclear division in “Koch’s blue bodies™ of Theileria parva, and by Scarzr and Basr
(1968) in erythrocytic schizonts of P. vinckei and P. chabaudi; sub-pellicular microtubules
were not, however, recorded from the two latter species. We were unable to identify
either of these structures with any certainty. We have, however, observed them in the
odkinete of P. berghei (GARNHAM et al., 1969).

In recent observations on the merozoites of Eimeria intestinalis, CHEISSIN (1967)
described a curious type of centriole, containing a central fibril. We scrutinized our
. preparations for such a structure because, in the earlier stage of the same organism
* (the young obcysts of P. b. yoelii), we had just found a similar type of centriole (GARNHAM
et al., 1969). Yet in the merozoites, no centriole could be distinguished.

The cytostome or “micropyle” was seen only rarely and was less well defined than
in other species. VANDERBERG et al. (1967) noticed that, in sporozoites of P. b. berghei,
the structure was inconspicuous or apparently absent and we also failed to observe it in
sporozmtes of P. b. yoelit (unpublished observations). Without observations on more
material, it would, however, be unwise to assume that the rarity of this organelle isa
characteristic feature of this species of Plasmodium.

Summary

Maturing and mature exoeryth:ocyue schizonts of Plasmodium berghet yoeli in the
livers of laboratory-bred mice have been studied by electron microscopy.

Merozoites are produced by budding from pseudocytomeres. At the tip of each
bud, a thickened region of pellicle appears to give rise to the apical rings and conoid;
below these structures the paired organelle is formed. As development proceeds, the
nucleus enters the base of the bud. Alongside the nucleus is+an aggregation of smooth
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membranes. As no typical mitochondrion was seen, we suggest that this membranous
structure may be its analogue.

In the pear-shaped free merozoites, there is, in addmon to the above structures, a
cytostome (““micropyle™), probably non-functional at this stage. 'The cytoplasm contains
large, closely packed ribosomes; in the nucleoplasm are both fine and coarse granular
elements. Subpellicular microtubules were not seen.

The development and structure of the exoerythrocytic merozoite resemble those

described by other writers for avian malaria parasites, apart from the apparent absence
of mitochondria and subpellicular microtubules.

After penetrating erythrocytes, the parasites lose one of their membranes, the apical
rings, conoid and paired organelle; phagotrophy commences and smooth and granular
endoplasmic reticulum becomes prominent. In many of these parasites the nucleus is
lobulated as if dividing,.
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