
LEISHMANIASIS IN THE SUDAN REPUBLIC 137

DIFFERENTIATION OF SOME ENTEROPATHOGENIC
ORGANISMS WITH THE AID OF THE M-S AGAR

M-S agar-
Organisms

Slant Buft H2S formation

V. cholerae incl.
El Tor strains Yellow Yellow, no gas None

Salm. typhi Red Yellow, no gas Blackening

Other salmonellae Red Yellow, gas Mostly blacken-
ing

Shigellae Red Mostly yellow,
no gas None

after 24 hours, but it is not recommended to post-
pone observation of the media longer because of the
reversal of some reactions after prolonged incuba-
tion.

The medium was very useful in the study of Vibrio
colonies which did not give a clear-cut result-or
gave no result-in slide agglutination tests with
specific Ogawa and Inaba sera when lifted from the
plate streaked with the original specimen. The
outbreak of El Tor infection in Taiwan in 1962 was
accompanied by the appearance of numerous
vibrios which were only partly or not at all agglutin-
ated by specific Ogawa and Inaba sera. Such
strains warranted further study and the M-S agar
permitted us to differentiate them rapidly and with
ease from other enteropathogens as well as from
most non-pathogenic stool organisms.

* *

The authors wish to express their heartiest thanks to
Dr 0. Felsenfeld for his kind comments on and revision
of this article.

Leishmaniasis in the Sudan Republic: Recent Results"'

by HARRY HOOGSTRAAL andDONALD R. DIETLEIN, United States Naval Medical Research Unit Number Three,
Cairo, Egypt, UA R, and Malakal, Upper Nile, Sudan

Recently in this Bulletin we summarized the
findings, covering the period up to the end of 1962,
of the Sudan Sub-unit of the United States Naval
Medical Research Unit Number Three (NAMRU-3)
in its study of the epidemiology of leishmaniasis in
Upper Nile Province, Sudan.a The purpose of the
present report is (1) to bring these data up to date to
the end of 1963, and (2) to compare the epidemio-
logical patterns of kala-azar in Upper Nile Province
and in Kenya, the only two African areas in which
these patterns have thus far been elucidated.

Man-biting sandflies
Results of the 1963 field season (March to June)

were markedly affected by early high winds and

* From Research Project MR005.09-1603.1, Bureau of
Medicine and Surgery, Navy Department, Washington, D.C.,
USA. The opinions and assertions contained herein are the
private ones of the authors and are not to be construed as
official or reflecting the views of the Navy Department or the
naval service at large.

t This paper is No. 20 in a series entitled " Leishmaniasis
in the Sudan Republic".

a Hoogstraal, H., Heyneman, D., Dietlein, D. R., Browne,
H. G., Reid, T. P., Van Peenen, P. F. D., Saber, A. H. &
Rohrs, L. C. (1963) Bull. Wld Hith Org., 28, 263.

early rains, which started in the first week of May
and considerably curtailed the period of effective
study on man-biting sandflies.

In 1961 and 1962, Phlebotomus (Phlebotomus)
orientalis Parrot was practically the only man-biting
sandfly species found in acacia forests and in hamlets
in or adjacent to such forests.b Our results in 1963
corroborated the finding that P. orientalis is the
chief man-biting species in forests consisting of
Acacia seyal or of A. seyal mixed with Balanites
aegyptium. Late in the dry season, between March
and June, when P. orientalis is more or less evenly
distributed throughout these wooded areas, it
appears to be one of the most common insect species
in this habitat. In 1963, Phlebotomus (Phlebotomus)
heischi Kirk & Lewis (1950) c was also taken in the
same localities and at the same period of the year
(1 March to 2 May). Altogether 302 of the 4073
man-biting sandflies collected for the continuing
study of natural infection rates represented P. heischi

b Hoogstraal, H. & Dietlein, D. R. (1963) Amer. J. trop.
Med. Hyg., 12, 165.

c Kirk, R. & Lewis, D. J. (1950) Proc. roy. ent. Soc. Lond.,
B 19, 11.
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(Table 1). This poorly known species, described
from a few females from Kenya, was previously
known from the Sudan by only two males and two
females from Wad El Shajara, Gadaref, Kassala
Province.d Metacyclic trypanosomes were isolated
from 8 P. heischi. The presence of 20 P. heischi
among 89 man-biting sandflies in Kulkul hamlet in
1963 is of some interest. In 1962, when this hamlet
was first established, only P. orientalis was taken
biting humans there.

Results of extensive ecological and taxonomic
studies on Phlebotomus in the Paloich area, com-
pleted by Dr L. W. Quate in 1963, have been
published.e A considerable amount of effort failed
to disclose larval breeding places of Phlebotomus.
Adults of this species rest by day in deep cracks
that form in the soil during the dry season. Evidence
was obtained to show that P. orientalis travels at
least 800 yards (730 m), the greatest distance tested.

Dietlein f completed a comparative study of
sandflies taken over a one-year period in Malakal
town and in Tir village. The absence of P. orientalis
in Malakal town is of particular interest for two
reasons. According to hospital and dispensary
records, cases of human kala-azar apparently
seldom, if ever, originate in Malakal town. Pre-
sumably, the absence of P. orientalis or of any other
common man-biting sandfly species allows this town
to remain free of kala-azar. Secondly, Leishmania
infections occur in rodents, Rattus rattus and
Acomys albigena, in Malakal town. The reason why
the rodent-sandfly-rodent cycle that is probably
present here does not become a zoonosis may be the
ecological environment of an urban centre, which
does not favour P. orientalis or other suitable vectors
ofL. donovani. Should Malakal town be invaded by a
vector species, an outbreak of kala-azar might occur
among non-immune residents.

Leishmania infections in sandflies
The natural infection rates in wild man-biting

sandflies at various periods and in different localities
within 10 miles (16 km) of the NAMRU-3 Forward
Laboratories at Paloich during 1963 are summarized
in Table 1. Results from 1962 and 1963 are com-
pared in Table 2. In 1962, 1.9% of approximately
5100 P. orientalis were infected with Leishmania
leptomonads. In 1963, 2.3 % of approximately

d Qutubuddin, M. (1961) Ann. Mag. nat. Hist., S13,
3, 605.

e J. med. Ent., 1964, 1, 116.
f Dietlein, D. R. (1964) Ann. ent. Soc. Amer., 57, 243.

3700 P. orientalis were infected with these lepto-
monads. During the first year, somewhat less than
half of the specimens were examined by individual
dissection. In the second year, approximately half
were individually dissected and the others were
examined as pools of five sandflies. Infected pools
were counted as a single infection; some may have
consisted of at least two infected sandflies. The
actual rate of infection, therefore, may have been
somewhat higher than that shown in the tabulated
results.
Had we been able to distinguish between sandflies

that had taken previous blood meals and sandflies
that were feeding for the first time when captured by
us, the infection data would have been more meaning-
ful. However, as we were unable to establish colonies
of P. orientalis g and thus to evaluate the appearance
of accessory glands in this species before and after
feeding and oviposition, we refrained from utilizing
this character in the field. As it is, the rates that
were obtained were quite similar in both pooled and
individually dissected sandflies and during both the
1962 and the 1963 studies.
Although we have no accurate data on human

leishmaniasis infections in this area, local observa-
tions suggest that the cycle of incidence has been at a
low ebb during the 1962 and 1963 seasons, and
especially during the latter year. It should be interest-
ing to determine whether a rise in sandfly infection
rate does or does not precede an increase in human
cases before and during epidemic periods. We have
been much impressed by differences in seasonal
movements and activities of local tribesmen from
year to year depending on annual variations in
weather cycles. These variables may not differ
dramatically when summarized on climatic charts,
yet they may alter patterns of village life. Presumably,
differences in human activities in villages, fields, and
forests may influence exposure to infected sandflies
and thus modify the epidemiological pattern
without necessarily producing a change in the
sandfly infection rate.
By individual dissection of 1172 wild-caught

P. orientalis, 22 (1.8%) of which were infected,
Heyneman h found evidence clearly suggesting the
high vector potential of this species. In this work,
done in the Paloich area during the 1962 dry season,

g Mrs. Mary Lou Schmidt of the Entomology Division of
the NAMRU-3 Medical Zoology Department, who has had
considerable experience with Phlebotomus laboratory colonies,
has thus far been unsuccessful in attempts to establish thriving
colonies of P. orientalis for experimental purposes.

h Heyneman, D. (1963) Amer. J. trop. Med. Hyg., 12, 725.
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TABLE I
LEISHMANIA AND TRYPANOSOME INFECTIONS IN PHLEBOTOMUS SPECIES COLLECTED WHILE BITING HUMANS

IN THE PALOICH DISTRICT, UPPER NILE PROVINCE, SUDAN, 1963

Phlebotomus Leishmania-
infected

Period Subgenus Papatasi P. orientalisspp. clydei antennatus schwetzi a orientalis No.

Gabek, Kumkum, and Fadiet forests

1-28 March 19 15 3 0 5 178a 235 9 3.8

10 April-2 May 0 2 0 22 0 76 2457 60 2.4

Tir-Wuniwo forest

2-21 March 1 1 0 3 8 157 2 1.3

3-4 April 0 0 0 0 0 0 409 9 2.2

Rom-Fariak forest

16-30 April 1 1 0 0 0 20 371 7 1.9

Kulkul hamlet

5-26 April 1 2 0 1 1 20 64 1 1.6

Totals 22 21 3 23 9 302 3693 88 2.3

a Eight of 178 P. heischi in Gabek forest (March) were infected by a metacyclic trypanosome.

a high level of leptomonad infection was main-
tained in nearly half of the infected sandflies captured
while taking at least a second blood meal. Large
numbers of both elongate, mature leptomonads and

TABLE 2
COMPARATIVE SUMMARY OF NUMBER OF LEISHMANIA-
INFECTED PHLEBOTOMUS ORIENTALIS COLLECTED IN 1962
AND 1963, PALOICH DISTRICT, UPPER NILE PROVINCE,

SUDAN

Number of Number %Examination method P. orientalis infected infected
examined

11 March to 3 June 1962

Individual dissection 1171 22 1.9

Pooled flies 4011 76 1.9

Total 1962 5 182 98 1.9

1 March to 2 May 1963

Individual and pooled 3 693 88 2.3

1962-63

Total 8 875 186 2.0

shorter, wider division forms were present. Signifi-
cantly, there was a preponderance of strong anterior
infections, with larger numbers of leptomonads in
the anterior proventriculus (" cardia ") than in the
stomach in four of the 22 flies, and a greater con-
centration of leptomonads in the anterior proven-
triculus than in the hindgut of all infected flies.

Contrasting findings in Heyneman's laboratory-
infected P. papatasi indicate that this species is an
inefficient vector of the Upper Nile strain of Leish-
mania donovani and probably seldom, if ever,
functions successfully in this respect.

Further confirmation of the high transmission
potential of P. orientalis was obtained when a small
number of wild females of this species were allowed
to feed on a parasitologically proven kala-azar
patient in the Malakal hospital.i Eight females that
survived for six or seven days following feeding, and
that had ingested sufficient blood to stimulate pro-
duction of ova, all contained leptomonads of
Leishmania donovani. These leptomonads were in
the anterior proventriculus, and in three specimens
also in the stomach. Half of the eight females

i McConnell, E. (1964) J. trop. Med. Hyg., 67, 88.
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TABLE 3

WILD MAMMALS FROM GABEK FOREST, PALOICH DISTRICT, NECROPSIED FOR
LEISHMANIA RESERVOIR STUDIES IN 1963

Period a Total
Mammals

8-10 Feb. 2-31 March 1-30 April 1-19 May No. %

Arvicanthis 1 (1) 46 (15) 45 (18) 49 (24) 141 8.71

Mastomys 16 (5) 154 (40) 610 (151) 320 (83) 1 100 67.95

Tatera 2 (1) 73 (24) 135 (46) 55 (27) 265 16.37

Crocidura 0 7 (5) 16 (9) 6 (4) 29 1.79

Acomys 2 (2) 10 (4) 33 (13) 29 (12) b 74 4.57

Atelerix 0 1 (1) 0 5 (2) 6 0.37

Genetta 0 0 1 (1) b 0 1 0.06

Felis serval 0 0 2 (2) b 0 2 0.12

Ichneumia 0 0 1 (1) 0 1 0.06

Total 21 (9) 291 (89) 843 (241) j 468 (152) 1 619 (491)

a Numbers in parentheses are numbers of pools inoculated into hamsters and cultures.
b One pool infected with Leishmania.

contained a " plug " of leptomonads at the proven-
tricular valve. A hamster inoculated with Leishmania
donovani leptomonads from this experiment deve-
loped visceral leishmaniasis indistinguishable from
infections resulting from inoculations of Leishmania
material from naturally infected P. orientalis and
from various wild mammals (see below).

Leishmania infections in wild mammals
During 1962, two definite and two equivocal

Leishmania infections were found among 117 Nile
grass rats, Arvicanthis niloticus luctuosus, out of a
total of 242 wild rodents and insectivores trapped
in the Paloich area. These animals were taken in the
same spots where infected sandflies were collected,
in an area where kala-azar has long been endemic.
During 1963, 1619 wild mammals from Gabek

forest, in the Paloich area where most of the sandfly
studies were made, were utilized for Leishmania
reservoir studies by inoculation of spleen samples
into 491 hamsters (Table 3). Similar studies of 159
other wild mammals from near-by localities pro-
duced negative results. The numbers of each wild
mammal species examined by this method are given
in Table 4. In Gabek forest, definite Leishmania
infections were demonstrated in one Senegal genet,
Genetta genetta senegalensis (number 282; 20 April),
in one Sudanese serval, Felis serval phillipsi (number

319; 24 April); and in one spiny mouse, Acomys
albigena (number 434; 4 May).

It is noteworthy that no Arvicanthis was found to
be infected in 1963, although practically equal
numbers of these rodents were studied in 1962 and
1963 (Table 4). The presence ofLeishmania infections
in two of the four carnivores examined is especially
interesting because attempts to recover these orga-
nisms from a large number of domestic dogs in the
immediate vicinity of these wild carnivores were
unsuccessful. Domestic dogs wander freely in the
forests, alone and with their masters, by day and
night. As stated above, one of a total of 114 Acomys
examined in 1963 yielded a strain of Leishmania. In
1962, none of 66 Acomys from this area was infected.
However, a single Acomys albigena from Malakal
has been found to be infected.i

It may be epidemiologically significant that in
1963 Arvicanthis (grass rat) numbers in the Paloich
area appeared to be considerably lower than in
1962 and that Mastomys (multimammate mouse)
appears to have increased dramatically (Table 4).
Until we know more about the comparative suscepti-
bility of these two animals to Leishmania infection
and about rodent population dynamics in this area,

i Hoogstraal, H., Van Peenen, P. F. D., Reid, T. P. &
Dietlein, D. R. (1963) Amer. J. trop. Med. Hyg., 12, 175.
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TABLE 4
COMPARISON OF ALL MAMMALS TRAPPED FOR

LEISHMANIA RESERVOIR STUDIES IN THE PALOICH
DISTRICT, 1962 AND 1963

1962 catch 1963 catch
Species No

No. |% No. |%

Arvicanthis niloticus
luctuosus 188 a 54.65 190 10.69

Mastomys natalensis
ismailiae 47 13.66 1146 64.45

Tatera flavipes 37 10.76 271 15.24

Crocidura spp. 1 0.29 33 1.86

Acomys albigena 66 19.19 144 b 6.41

Atelerix p. pruneri 0 - 19 1.07

Genetta g. senegalensis 0 - 2 c 0.11

Felis serval phillipsi 0 - 2 c 0.11

Ichneumia a. albicauda 0 - 1 0.06

Mus musculus subsp. 7 0.58 0

Lemniscomys sp. 3 0.87 0

Total ] 344 1778

a 117 of 188 animals examined for Leishmania infection by
Inoculation of spleen samples into hamsters; two definite and
two equivocal infections obtained.

b All examined as above; one infection obtained.
c Each examined as above; one infection obtained in each

species.

it will be difficult to judge the accuracy and epide-
miological importance of this observation. Unfor-
tunately, it has been impossible to add a specialist
in rodent dynamics to the Paloich field staff.
Samples of all Leishmania strains isolated from

different kinds of wild mammals in Upper Nile
Province, as well as from humans and from Phlebo-
tomus orientalis in this area, are at present being
studied serologically under the auspices of the World
Health Organization.

Leishmania infections in lizards
Dr Bruce McMillan of the University of Sydney

School of Public Health and Tropical Medicine,
who visited the NAMRU-3 laboratories during 1963
on a research grant from the National Institutes of
Health, discovered an apparently new species of
Leishmania in almost half of the geckos (Hemi-
dactylus sp.) he examined. Lizards, as well as
humans and rodents, are eagerly accepted as hosts
by Phlebotomus orientalis. The presence of this

lizard infection must be considered in evaluating
results of intradermal and serological testing for
leishmaniasis.

Skin testing results

Van Peenen & Dietlein found the leishmanin
test of Manson-Bahr to be approximately 80%
sensitive in detecting treated cases of kala-azar, but
positive reactions were also found in approximately
8% of persons in an area of the Sudan with no kala-
azar. The prevalence of positive tests was in correla-
tion with the degree of endemicity of kala-azar in
areas tested. The leishmanin reaction was considered
to be useful, with certain reservations, for detecting
Sudanese areas in which kala-azar has been present.

Khor Falus kala-azar outbreak
An outbreak of 204 cases of kala-azar near

Malakal in the Khor Falus area, where this disease
has not previously been recognized, was described
by Van Peenen & Reid in 1963.1 All ages and both
sexes, but particularly young males, were affected.
The first cases occurred during July, in the rainy
season of 1961, and peak incidence was reached dur-
ing the following December and January. The almost
simultaneous appearance of cases in widely separated
localities suggests that the disease may have already
been present, perhaps as a zoonosis, and that its
appearance in humans was stimulated by some
unknown combination of factors. On the other
hand, multiple cases of kala-azar in a single family
also suggests either the infection of humans by
humans or a human-sandfly-human cycle in this
area.

Parasitaemia in Sudanese kala-azar
In considering the question of sandfly transmission

of kala-azar in the Sudan we had been particularly
concerned by earlier reports that Leishman-Donovan
(LD) bodies are rare in peripheral blood m, n ° and in
cutaneous lesions.P In order to gain more informa-

k Van Peenen, P. F. D. & Dietlein, D. R. (1963) J. trop.
Med. Hyg., 66, 171.

I Van Peenen, P. F. D. & Reid, T. P. (1963) J. trop. Med.
Hyg., 66, 252.

m Archibald, R. G. & Mansour, H. (1937) Trans. roy.
Soc. trop. Med. Hyg., 30, 395.

n Henderson, L. H. (1937) Trans. roy. Soc. trop. Med.
Hyg., 31, 179.

o Stephenson, R. W. (1940) Ann. trop. Med. Parasit.,
34, 175.

Pi Kirk, R. (1942) Trans. roy. Soc. trop. Med. Hyg., 35,
257.
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tion on this subject, Rohrs q undertook a study of
20 parasitologically proven kala-azar patients.

In seven cases, intracellular LD bodies were found
in the distal feathered edges of venous blood smears,
and two out of seven hamsters inoculated with
venous blood from these patients developed leish-
maniasis. However, five other hamsters inoculated
with blood from five parasitologically proven cases,
in which LD bodies could not be demonstrated in
peripheral blood, also developed leishmaniasis. Thus,
parasitaemia was demonstrated in 12 out of 20
patients with acute kala-azar. These results not only
indicate a higher prevalence of parasitaemia than
has previously been reported for Sudanese kala-
azar but also that the peripheral blood in these
patients may in fact contain LD bodies even though
a long search fails to reveal them. In 14 of these
20 patients, LD bodies were present in nasal mucus
as well. The importance of this finding in nasal
mucus in relation to human transmission of the
pathogen remains to be determined.

Epidemiological differences in African kala-azar
In tropical Africa, kala-azar is largely confined to

central and south-eastern Sudan and to certain
areas of Kenya. Other, rare, cases are reported from
Ethiopia and Somalia as well as from moderately
dry areas westward from the Sudan to the Atlantic
Ocean. The natural history of the disease in Africa
has been investigated only in Kenya and in the
Sudan.

Kala-azar has been known in Kenya only since
the Second World War, first sporadically, later in
severe outbreaks.r In the Sudan, kala-azar has been
reported since the disease was first defined in 1904.
Visitors and troops in Central Sudan have become
infected, and explosive epidemics with high mortality
rates have seriously affected local tribes.8

Kala-azar foci in Kenya are found in lowland
semi-arid thorn-bush plains with scattered family
units and patchlike millet fields. The annual rain-
fall of 25 inches (635 mm) or less is erratic but
usually distributed as local showers in one period
lasting from October until January and another
period in April. An important feature of this
landscape is the ubiquitous large termite hill.t

In contrast, kala-azar in central Sudan infects
people who live in scattered villages on vast, flat

q Rohrs, L. C. (1964) Amer. J. trop. Med. Hyg., 13, 265.
r Fendall, N. R. E. (1961) E. Afr. med. J., 38, 417.
8 Sati, M. H. (1962) Suidan med. J., 1, 98.
t Wijers, D. J. B. (1963) Ann. trop. Med. Parasit., 57, 7.

plains of very tall grass that stretch unbroken to the
horizon except by small scattered, circumscribed
areas of low, open acacia forest. b In these grasslands
and forests, termite hills are mostly absent; the few
mounds that do occur are small and inconspicuous.
From late May to November, when 20-30 inches
(about 510-760 mm) of rain fall, these plains are a
vast, sticky, roadless swamp. As the ground dries
out after November, huge, deep cracks appear in
the clay soil, most of the tall grass is burned off, a
few rough tracks are opened to sturdy vehicles,
millet is harvested, and all cattle and many people
move to the Nile floodplain until the rains start
again.

In Kenya, over a decade of research has been
devoted to the very troublesome vector problem.
However, during the past few years, Wijers &
Minter u have narrowed the field to the Synphlebo-
tomus complex of sandflies. They and Southgate
& Oriedo v have demonstrated a significant statistical
correlation between the incidence of kala-azar and
the proximity of termite mounds (in which these
sandflies rest) to human habitations. In Kenya,
therefore, we have what is now called " termite-hill
kala-azar ".
Kenya and Sudan both have large sandfly faunas,

but their anthropophilic sandfly species are quite
different. In Kenya, few Leishmania-infected sand-
ffies have been found. But by masterful utilization
of almost every infected specimen that has become
available, and thanks to human volunteers, our
Kenya colleagues have now been able to establish
Phlebotomus (P.) martini Parrot and P. (P.) celiae
Minter as probably the chief vectors. Both bite man
readily; several other species also do so more or less
avidly. Wild-caught Leishmania-infected specimens
of P. martini and P. celiae inoculated into hamsters
produced visceral leishmaniasis morphologically
typical of Leishmania donovani. These parasites
caused kala-azar when transferred from hamsters to
human volunteers.w, x

P. martini and P. celiae have not been found in
central Sudan, where only P. orientalis appears to be
involved in the transmission ofL. donovani. P. orien-
talis does not occur-in Kenya. The habits of P. orien-

u Wijers, D. J. B. & Minter, D. M. (1962) Ann. trop. Med.
Parasit., 56, 462.

v Southgate, B. A. & Oriedo, B. V. E. (1962) Trans. roy.
Soc. trop. Med. Hyg., 56, 30.

w Minter, D. M., Wijers, D. J. B., Heisch, R. B. & Man-
son-Bahr, P. E. C. (1962) Brit. med. J., 2, 835.

* Manson-Bahr, P. E. C., Southgate, B. A. & Harvey,
A. E. C. (1963) Brit. med. J., 1, 1208.
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talis, and the natural Leishmania infection rate of
approximately 2% in this species, as described
above, present a parasitological pattern differing
widely from that in Kenya. Kenya workers do not
report the presence of P. papatasi, a species that
commonly bites man in central Sudan but which is
found only in villages and is not a vector of Sudanese
kala-azar. We might interpolate that in Egypt,
where P. papatasi is the only species of man-biting
sandfly, cutaneous leishmaniasis, caused by L. tro-
pica, is present but kala-azar, caused by L. donovani,
is absent.

Vertebrate reservoirs of kala-azar in both Kenya Y
and the Sudan do not appear to include domestic
dogs. In the Sudan, Dr Harry Browne ofNAMRU-3
obtained negative results from examination of
approximately 275 domestic dogs associated with
kala-azar patients or hamlets.

In Kenya, during ten years of work four Leish-
mania strains were isolated from a ground squirrel
(Xerus) and three grass gerbils (Tatera robusta); the
epidemiological significance of these limited findings
is unknown.Y

In the same sites in which we collected infected
sandflies in Sudanese acacia forests, we have isolated

Y Heisch, R. B. (1963) E. Afr. med. J., 40, 359.

Leishmania strains from four grass rats (Arvicanthis),
one spiny mouse (Acomys), one genet (Genetta),
and one serval (Felis serval). The infections in
hamsters produced by these strains from wild
rodents and carnivores are apparently identical to
those produced by Sudanese strains of Leishmania
donovani from humans and by Leishmania from
wildcaught P. orientalis as well as from P. orien-
talis fed on human kala-azar patients. Presumably,
rodent and carnivore infections are involved in
human kala-azar, which in the Paloich area may be a
zoonosis. In the town of Malakal, 100 miles (160 km)
south of Paloich, man-biting sandflies are absent.
Leishmania was isolated from a domestic rat (Rattus
rattus) and from a spiny mouse (Acomys) in Malakal
town. Presumably in this urban centre a rodent-
sandfly-rodent cycle is in operation without involve-
ment of man.

* *

We gratefully acknowledge the technical assistance of
Mr Sobhy Gaber and of Mr George Malakatis. We are
also grateful to Commander P. F. D. Van Peenen, MC,
USN, for taking charge of the rodent reservoir phase of
this study in February and early March 1963. Dr Noshy
Mansour of NAMRU-3 generously assisted in the
examination of hamsters inoculated with spleen samples
from wild mammals.

Anopheles as Vectors of Animal Malaria Parasites

by R. S. BRAY and P. C. C. GARNHAM. London School of Hygiene and Tropical Medicine, London, England

In the incrimination of the main vectors of human
malaria, the dissection of wild-caught Anopheles for
the presence of sporogonic forms of plasmodia has
traditionally played an important role. The regular
recurrence of sporozoite infections in species of
Anopheles known to be closely associated with man
has usually been regarded as convincing proof that
the species concerned is implicated in the transmis-
sion of human malaria. It has also been recognized
for many years that, in a comparatively small
number of anopheline species, sporozoite infections
occur which must be of non-human origin on the
grounds that the anopheline species concerned are
sylvan or non-domestic, and have little or no contact
with man.

In recent years the progress of the malaria eradi-
cation programmes has made it necessary to re-
appraise long-established criteria, and to review with
a more critical eye the significance and interpretation
of infection rates in vectors and suspect vectors. In
addition, the extension of the programme to many
new and unsurveyed countries or areas has revealed
situations that cannot readily be explained simply by
reference to the one or two species that have long
been regarded as the main vectors in a particular
area. Furthermore, there are many suspect vectors
that feed readily on both man and animals, and it is
difficult to know if the infections are of human or
animal origin.

There is an increasing number of cases where field
1455F


