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Kala-azar (caused by Leishmania donovani), a
debilitating, often fatal disease in certain tropical
and subtropical regions of the world, has long been a
serious problem in central Sudan. An obstacle to
economic development in this region, kala-azar also
appears to be spreading into previously uninfected
areas of the Sudan (Heyneman et al.b). Because
epidemiological factors in the Sudan obviously differ
from those elsewhere in the world and had been
little studied, the United States Naval Medical
Research Unit Number Three (NAMRU-3) recently
began to investigate local patterns of kala-azar
dissemination. The present note briefly summarizes
the epidemiological findings of the first two seasons'
work.

Paloich District, Upper Nile Province, a region of
high kala-azar endemicity, was chosen as a pilot
study area. Secondary investigations were under-
taken in the Khor Falus region of Malakal District,
where the disease appears to be spreading. Man-
biting sandflies in particular were studied as potential
vectors. No man-biting sandflies were found in the
grasslands. Phlebotomus papatasi commonly bit
humans in long-established villages of Paloich
District from March to June (the latter part of the
season), but was rare or absent in new villages and
in forests. P. orientalis was essentially the only man-
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biting species during this period in forests of Acacia
and Balanites; this species also attacked humans in
small villages in or near forests, but was less common
or absent in villages in larger clearings. Other sandfly
species accounted for considerably less than I % of
the total man-biting collections.

Details of natural Leishmania infection in sand-
flies caught biting humans in Dinka villages and
nearby forests in Paloich District are summarized in
Table 1. Groups of sandflies (average, 6.5 flies per
pool) were triturated and examined microscopically
for moving leptomonads. Infected pools were then
inoculated intraperitoneally into golden hamsters.
Microscopic examination revealed no leptomonad
infection in pure pools of P. papatasi. Pure P. orien-
talis pools from small villages showed a remarkably
high infection rate-30 positives in 180 examined
(16.7 %)-while in forests near these villages, 35 of
347 (10.1 %) P. orientalis pools were infected. Of the
hamsters into which infected sandfly pools were
inoculated, 54% became infected with visceral
leishmaniasis.
The natural infection rates in wild sandfly popula-

tions in Paloich District were also determined by
dissection of individual flies taken at random from
some of the collections noted above between 9 May
and 3 June (Table 2). The results, which showed an
over-all rate of 1.8% based on 1225 dissections, or
1.9% of the 1150 P. orientalis examined (94% of the
total number dissected), were comparable with the
10% rate obtained in pooled flies, as the latter com-
bined an average of 6 to 7 sandflies per pool. The
infections were clearly anterior, with the heaviest
concentrations extending from midgut to the oeso-
phageal valve. Heavy infections (>5000 lepto-
monads) showed organisms adhering to the gut
epithelium throughout the intestinal tract, usually
also with rosettes, clusters, and masses of freely
moving flagellates in the midgut lumen.

In contrast to the rapid diminution of leptomonad
levels observed in laboratory infections ofP. papatasi

1229A - 263 -



TABLE I
NATURAL INFECTION RATES IN MAN-BITING SANDFLIES, PALOICH DISTRICT, UPPER NILE PROVINCE, SUDAN

P. orientalis P. papatasi Mixed pools
Grand

11-31 1-30 1 May- Tot 11-31 | 1-30 1 May- Total 11-31 1-30 1 May- Total total
March April 1 June a March April 1 June March April 1 June

9 Dinka Villages

No. of flies 244 707 367 1318 7 73 610 690 61 350 345 756 a 2 764

No. of pools 34 94 52 180 5 12 91 108 9 47 46 102 390

No. of positive
pools 2 21 7 30 0 0 0 0 0 6 2 8 38

Percentage of
positive pools 5.9 22.3 13.5 16.7 0 0 0 0 0 12.8 4.3 7.8 9.7

3 Forested Areas

No. of flies 185 941 945 2 071 0 0 0 0 0 109 42 151 b 2 222

No. of pools 29 185 133 347 0 0 0 0 0 20 5 25 372

No. of positive
pools 1 25 9 35 0 0 0 0 0 2 1 3 38

Percentage of
positive pools 3.5 13.5 6.8 10.1 0 0 0 0 0 10 20 12 10.1

Total Collection

No. of flies 429 1 648 1 312 3 389 7 73 610 690 61 459 387 907 c 4 986
No. of pools 63 279 185 527 5 12 91 108 9 67 51 127 762

No. of positive
pools 3 46 16 65 0 0 0 0 0 8 3 11 76

Percentage of
positive pools 4.8 16.5 8.6 12.3 0 0 0 0 0 11.9 5.9 8.7 10

a 218 P. papatasi; 498 P. orientalis; 40 Phlebotomus sp. b 17 P. papatasi; 124 P. orientalis; 10 Phlebotomus sp.
c 235 P. papatasi; 622 P. orientalis; 50 Phlebotomus sp.

TABLE 2

NATURAL INFECTION RATE, INTENSITY, AND LOCALIZATION IN INDIVIDUALLY DISSECTED
P. ORIENTALIS, PALOICH DISTRICT, 9 MAY TO 3 JUNE 1962

No. of flies examined P. orientalis
Locality |P. orientalis Other speciesaNo.apositive Percentage Intensityb LocalizationC

No.posit! positive
Lclzto

Kulkul Hamlet 106 0 1 0.9 ++++ M-F

Wuniwol Village 160 35 3 1.5 +++ M-F, F, M

4 other villages 15 5 0 0

" Old Woods Site" 210 17 2 0.9 ++ M

Gabek Forest 614 7 16 2.6 +++(6), ++(4), +(6) all F or M-F

2 other forest sites 45 1 0 0

Total 1150 75 J 22 | 1.8

a Other species include damaged or unidentifiable specimens; Phlebotomus sp., P. clyde/, P. afr/cana, P. papatasi.
b ++++ = > 25 000 leptomonads; +++ = 5000-15 000; ++ = 1000-5000; + = < 1000. All counts approximations.
c F = foregut as primary Infection site; M = midgut; M-F = midgut and foregut equally heavily infected.
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with Malakal strains of Leishmania donovani, natural
infections of P. orientalis with these strains were
found to remain at a uniformly high level. The least
of these P. orientalis infections showed higher lepto-
monad counts and greater parasite activity than did
average P. papatasi 7-day laboratory infections. This
indicates the high adaptability of P. orientalis to
Leishmania infection and the suitability of this host
as a vector in the Sudan in contrast to P. papatasi-a
finding supported by both experimental and epi-
demiological evidence. Further field and laboratory
studies are in progress.
Wild rodents and domestic dogs were among the

mammals studied as potential reservoirs. Experi-
mental inoculation of the Malakal strain of L. dono-
vani into eight Sudanese and Egyptian rodent species
demonstrated a speed of onset and a percentage of
infection comparable with those in golden hamsters.
In the field, rodents were live-trapped in localities
where human-biting sandflies were being collected.
Spleen impression smears, spleen culture on diphasic
blood agar, and inoculation of pools of samples of
several rodent spleens into golden hamsters were
utilized. Out of 242 rodent spleens inoculated into
hamsters in 1962, the spleens of four Nile grass rats
(Arvicanthis niloticus luctuosus Dollman) were found
to be naturally infected. Two additional infections
were earlier recovered from rodents from the settled
areas of Malakal town, one from a spiny mouse
(Acomys sp.) and the other from a commensal rat
(Rattus rattus). The implication of a natural
zoonosis in this area is most intriguing.
Dogs were studied in the same villages and else-

where in houses of kala-azar patients. All the dogs
so far examined, 154 by bone-marrow biopsy and 73
by necropsy and spleen impression smears, have been
negative. Further studies of potential vertebrate
reservoirs are being undertaken.
A Sudanese assistant who was active in helping

us to make these rodent and sandfiy collections
developed a severe case of kala-azar, diagnosed
by spleen puncture. Other personnel-American,

Sudanese and Egyptian-equally participating in
these studies did not become infected. It is of
interest that the team member who did succumb to
kala-azar had been eating very frugally in order
to save money to marry and that all the other
participants were very well nourished.
Owing to the possibility of contact transmission in

human kala-azar, the nasal mucus of 48 patients
with parasitologically proven visceral leishmaniasis
was studied. Leishman-Donovan (LD) bodies were
found in the mucus of 40 patients. Studies on the
viability of these LD bodies are in progress.
Whether Leishmania organisms are present in the

peripheral blood of Sudanese kala-azar patients has
heretofore been a moot question. Samples of peri-
pheral blood of five patients, whose infections were
proven by spleen biopsy and bone-marrow smears,
were inoculated into five hamsters. Three of these
animals showed LD bodies in their spleens when
necropsied. This finding indicates that Leishmania
donovani occurs in the peripheral blood of Sudanese
patients even though it cannot be demonstrated by
customary blood slides. This subject, of considerable
epidemiological significance in the transmission of
the disease, will be investigated more exhaustively
during the coming season.
The discovery of a vector and probable reservoirs

of this disease in central Sudan opens the way to
eventual solution of a critical public health problem
in this region.
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