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Investigations into Yellow Fever Virus and Other
Arboviruses in the Northern Regions of Kenya

B. E. HENDERSON,1 D. METSELAAR,2 G. B. KIRYA 3 & G. L. TIMMS 4

Previous studies having shown an appreciable level ofyellow fever immunity to exist in
northern Kenya, further epidemiological and serological surveys were carried out there in
1968 in an attempt to define more clearly the distribution of yellow fever and to locate
possible vector and reservoir hosts of the disease; these surveys also provided information
on a number of other arboviruses.

Altogether 436 sera from 5 areas in northern Kenya were screened by haemagglutination-
inhibition tests with 8 antigens, and 107 of these sera by neutralization tests for Group-B
arboviruses. Small numbers of yellow-fever-immune adults were found in Ileret, Garissa,
Loglogo and Mikona. At Marsabit high proportions of immune adults and children were
found among the Burgi tribe. As the Burgi are permanent agricultural workers on Marsabit
Mountain, an entomological investigation was made, over 15 000 mosquitos being collected.
From these, 13 strains ofPongola virus, 1 strain ofSemliki Forest virus and an unidentified
virus were isolated, but no yellow fever strains. Aedes africanus and Aedes simpsoni were
not found at Marsabit; small numbers of Aedes aegypti were collected biting man. The
vector potential of other mosquitos collected (particularly Mansonia africana, which is
present throughout the year) is discussed.

Between 1959 and 1962, an explosive epidemic of
yellow fever occurred in the Blue Nile region of the
southern Sudan and then in the Omo River Valley
of Ethiopia (Berdonneau et al., 1961; S&ri6, Lindrec
et al., 1968). The epidemic is estimated to have
caused 30 000 fatalities. Yellow fever was again
reported from east of Lake Margarita in Ethiopia
during 1966. The occurrence of epidemic yellow
fever in Ethiopia stimulated immunity surveys in
5 localities of the vast and arid northern districts of
Kenya (Henderson, Metselaar et al., 1968). Approxi-
mately 14% of the sera collected at Lokitaung and
Marsabit were yellow-fever-immune. Although the
immunity detected at Lokitaung, west of Lake
Rudolf, could have resulted from a southward
extension of the Ethiopian epidemic, the immunity
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detected in children and adults at Marsabit seemed
as likely to have resulted from yellow fever trans-
mission within the vicinity of that township.
The finding of yellow fever immunity in northern

Kenya was of sufficient importance to necessitate
further serological surveys. In addition, epidemio-
logical studies were initiated on Marsabit Mountain
to locate possible vectors and reservoir hosts of
yellow fever. These studies have also provided
information on the distribution of a number of
other arboviruses in northern Kenya.

DESCRIPTION OF THE AREA

The northern districts of Kenya include an area
of 123 000 square miles (about 320 000 kM2), which
is more than one-half the total land area of the
country. The region extends from approximately
1°N to 4°N at the Kenya-Uganda border and from
1.5°N to 4°N at the Kenya-Somalia border (Fig. b.
The Rift Valley transects the district in the western
half of the region. Lake Rudolf is located within
the Rift Valley at an altitude of 1230 feet (375 m).
Most of the region is arid with an annual rainfall
below 10 inches (254 mm) per annum. Vegetation
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FIG. 1
ARBOVIRUS SURVEY AREAS IN NORTHERN KENYA

is sparse, with desert scrub and thicket predomi-
nating. The total population is estimated at 600 000
and is primarily composed of Nilotic and Hamitic
nomadic tribes.

Marsabit Mountain, an extinct volcano, is located
at 2.3°N and 38°E. The highest peak has an altitude
of 5584 feet (1700 m), and the township of Marsabit
has an altitude of 4000 feet (1220 m). Above 4000
feet, much of the mountain is covered by broken
forest which contains a variety of vertebrates in-
cluding large mammals such as elephants and
buffalo as well as primates including vervet monkeys
(Cercopithecus aethiops subsp.) and baboons (Papio
doguera). The annual rainfall on the mountain is
30 in-40 in (about 760 mm-1000 mm). Pistia partly
covers the two crater lakes on the mountain.
The Tana River drains the central highlands of

Kenya and passes through the south-eastern part of
the region. The river is bordered by a broken forest.

MATERIALS AND METHODS

Collection ofhuman serum
Human sera were collected from the following

locations and tribes.

Ileret is a border village adjacent to Lake Rudolf
where members of the Shingila tribe were surveyed.
Mikona is a village near a permanent water hole

50 miles (80 km) north-east of Marsabit, where the
Gabbra tribe have a semipermanent encampment.

Loglogo, located 40 miles (64 km) south of
Marsabit, is the site where nomads of the Rendille
tribe were sampled.

Marsabit is the permanent residence of the Burgi
tribe, who were originally brought to Marsabit from
Ethiopia to develop agriculture on the mountain.
The Boran tribe are nomads who also live for part
of the year on the northern mountain slope.

Garissa, on the northern side of the Tana River,
is a permanent settlement from which members of
various Somali tribes were sampled.

Specimens were collected in sterile evacuated
specimen tubes and the sera were separated either
in the field or at the laboratories in Nairobi and
Entebbe. Serum samples were stored at -20°C
until tested. Serum samples of nonhuman primates
were obtained by trapping or shooting of the
animals.
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Serological tests
Haemagglutination-inhibition (HI) tests were per-

formed according to the methods of Clarke & Casals
(1958) in microtitre plates. Sera were tested against
4-8 units of the following antigens: chikungunya
(E103), Sindbis (AR339), Bunyamwera (Aedes 43),
West Nile (MP22), Wesselsbron (MP5965), Zika
(MR766), Banzi (H336), and yellow fever (FNV).
If a sufficient quantity of serum was available, all
sera with HI antibody to one or more of the Group-B
antigens were tested for yellow fever neutralizing
antibody. Some of these sera were also tested for
Wesselsbron and West Nile neutralizing antibody.
Neutralization tests were done by the constant-
serum-varying-virus-dilution technique. Mouse neu-
tralization tests using a virus dilution calculated to
provide a challenge of 100 LD50 were performed in
adult mice with yellow fever and in suckling mice
with Wesselsbron and West Nile viruses.

Collection of mosquitos and virus isolation
Mosquitos were collected from the area of

Marsabit during January, May, and August of 1968,
i.e., before, during, and after the long rains. During
January the team of collectors camped near an
abandoned lodge in the centre of the mountain
forest at the edge of a crater lake. Mosquitos were
collected at ground level and from platforms inside
and at the edge of the forest (Fig. 2). During May
and August the collectors stayed within the township
of Marsabit and collections were made primarily at
the forest edge and adjacent to homesteads.
Mosquitos were collected on human bait, iden-

tified, pooled according to species and sealed in
plastic bags in liquid nitrogen. After transport to
the laboratory at the Medical Research Centre,
Nairobi, the pooled species were thawed, ground
with mortar and pestle and ground glass, and
inoculated into litters of 8 newborn mice. Three
inoculation routes were used: intracerebral (0.01 ml),
intraperitoneal (0.2 ml), and subcutaneous (0.03 ml).

Suspicious virus isolates were passaged 3-4 times
by intracerebral inoculation of newborn mice and
sent to the East African Virus Research Institute,
Entebbe, for identification.

RESULTS
Serology
A total of 436 serum samples were collected in

5 areas of northern Kenya from children and adults
and then tested (Table 1). In the HI test only 4 sera
from adults had chikungunya antibody. Sindbis HI

antibody was more common, approximately 13%
of the total sample of sera being positive. More
than 16% (53/270) of the sera from Ileret, Garissa,
Loglogo, and Mikona were Sindbis HI-positive
whereas only 1% (2/166) of the sera from Marsabit
were positive. Bunyamwera HI antibody was
detected in the serum collections from every area
except Loglogo.
The percentage of sera from children with HI

antibody to any of the 5 Group-B antigens was
highest in the collections from Ileret, Garissa, and
the Burgi tribe at Marsabit. None of the sera
collected from children at Loglogo was Group-B
HI-positive. The percentage of Group-B HI-positive
sera collected from adults varied from a low of 12
in the Boran at Marsabit to a high of 89 in the sample
from Ileret.
When the collections from Ileret, Garissa, Loglogo,

and Mikona were combined, 85 of 93 sera with
Group-B HI antibody were found to be HI-positive
to West Nile, whereas only 9 of 23 sera collected
from Marsabit had West Nile antibody. Wessels..
bron, Zika, and Banzi HI antibodies have a similar
pattern of distribution. Yellow fever HI antibody
was detected in samples from each area. More of
the sera from the Burgi at Marsabit had HI antibody
to yellow fever than to West Nile.
The results of the yellow fever neutralization tests

in the sera with Group-B HI antibody showed
immunity in adults at all of the areas except Garissa.
Immunity was detected in the sera of 3 children from
Marsabit, the youngest being 6 years old. A total of
10 of the 46 members of the Burgi tribe (22%) had
yellow fever immunity using this combination of HI
and neutralization test results. In the remaining
tribal groups no more than 4% of the sera had
comparable serological evidence of yellow fever
immunity.
A sample of the Group-B HI-immunes from each

area was tested against West Nile and Wesselsbron
viruses. The mouse neutralization test results con-
firmed the results of the HI tests. Of 82 sera tested,
31 were West-Nile-immune; and of 83 sera tested,
36 were Wesselsbron-immune. A total of 16 of
these sera were immune to both viruses.
The details of HI and mouse neutralization tests

on selected sera are shown in Table 2. In general
the two tests were in close agreement.
The sera of 6 baboons and 3 vervet monkeys from

Marsabit Mountain and of 9 bushbabies (Galago sp.)
from Loglogo were negative for yellow fever HI
and neutralization antibodies.
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YELLOW FEVER AND OTHER ARBOVIRUSES IN NORTHERN REGIONS OF KENYA

TABLE 2
Hi AND NEUTRALIZATION TEST RESULTS ON REPRESENTATIVE HUMAN SERA FROM NORTHERN KENYA

1_ Hitest results _ _Neutralization test results b
Loctio Tribe Age and sexLocation Tribe (years) West Wessels-

Zika Banzi
Yellow West Wessels- Yellow

- Nile bron - Zika fever Nile bron fever

Garissa Somali 30 M 80 160 <10 <10 <10 5/5 5/5 1/6
30 M 10 20 <10 <10 <10 1/5 5/5 0/6
16 M <10 40 <10 <10 <10 0/5 4/5 0/6
14 M 80 160 10 10 10 5/5 5/5 2/6

Loglogo Rendille 44 M 40 160 10 10 <10 5/5 4/5 1/5
33 M 20 <10 10 10 20 5/5 0/5 5/6

Mikona Gabbra 15 F 40 10 <10 10 10 5/5 0/5 1/6
18 F 40 <10 <10 10 <10 4/5 1/5 1/5

Marsabit Boran 12 M 20 80 10 <10 10 1/5 5/5 0/6
40 M 20 <10 <10 <10 <10 5/5 1/5 0/6
13 F 10 <10 <10 10 40 0/5 1/5 6/6

Marsabit Burgi 9 F <10 <10 <10 <10 40 0/5 0/5 6/6
19 F <10 <10 <10 <10 20 0/5 1/5 6/6
55 M <10 <10 <10 <10 40 1/5 0/5 6/6

21 F 40 80 10 40 40 5/5 1/5 5/5
a Titres expressed as the reciprocal of the highest dilution inhibiting 4-8 units of antigen. Titres <10 are taken as negative.
b Expressed as no. of surviving mice/no. Inoculated. Survival <50 % Is taken as negative.

Entomological studies A few collections were also done at the forest edge

The initial collection of mosquitos in January at ground level (near A in Fig. 2) and on platforms.
concentrated on the interior of the forest and parti- A total of 5493 mosquitos were processed for virus
cularly on a search for Aedes (Stegomyia) africanus isolation from the collections at the lodge and 190
(Theobald). Catches were done on temporary plat- from the forest edge CTable 3). The commonest
forms during the afternoon and post-sunset periods. mosquito in the forest collections was Mansonla

FIG. 2
SKETCH MAP OF MARSABIT
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YELLOW FEVER AND OTHER ARBOVIRUSES IN NORTHERN REGIONS OF KENYA

(Mansonioides) africana (Theobald) and at the
forest edge Aedes (Finlaya) embuensis Edwards.
No Aedes africanus were collected. Two virus
strains were isolated from M. africana, one of which
was a strain of Pongola virus. The other isolate has
not been completely characterized but appears to
be a hitherto undescribed virus.
As the January collections were made in the dry

period of the year, a return trip was made in May
during the season of heavy rains. The collections at
the lodge again yielded the largest numbers of
M. africana and 2 more strains of Pongola virus
were isolated from this species. The collections at
three areas (A, B, and C in Fig. 2) of the forest edge
yielded 1042 mosquitos of the Aedes (Aedimorphus)
dentatus group in contrast to the single specimen of
this species collected in January. Similar numbers of
the Ae. dentatus group were also collected from
catches at a group of gum trees (D in Fig. 2).
Mosquitos were relatively scarce in the valley of a
small river (E in Fig. 2), and very few specimens
were collected near point F in a forest of wild olives
(Oleo africana sp.). From the combined collections
of the Ae. dentatus group, altogether 9 isolations of
Pongola virus were made. One additional Pongola
isolate came from Culex (Culex) zombaensis
Theobald.
At the forest edge and in the area of the gum trees,

a total of 30 Aedes (Stegomyia) aegypti (Linnaeus)
were collected. On two occasions Ae. aegypti was
found biting man indoors. Apart from Ae. aegypti,
the only Stegomyia collected was Aedes (Stegomyia)
keniensis van Someren, one specimen of which was
caught in a net.

Collections of adult female mosquitos were
supplemented by sampling of larvae found in tree-
holes, plant axils, and artificial containers. A num-
ber of such larval collections hatched only Toxo-
rhynchites spp. Larvae found in 4 tree-holes hatched
Aedes (Aedimorphus) ngong van Someren, and those
in 2 other tree-holes hatched Culex (Culiciomyia)
nebulosus Theobald. From 5 tins around homesteads
near A, 3 larvae hatched Ae. aegypti. A search for
Aedes (Stegomyia) simpsoni (Theobald) larvae in
axils of banana trees and other vegetation was
unsuccessful.

In August, after the rainy season, collections were
concentrated at the forest edge. Mosquitos were
found in numbers only near point G, where some
seepage water provided breeding-places. Anopheles
(Anopheles) coustani Laveran was the commonest
mosquito (Table 3). A strain of Semliki Forest

virus was isolated from Anopheles (Cellia) funestus
Giles.

DISCUSSION

The results of this survey confirm those of earlier
work indicating that yellow fever immunity is pre-
sent in children and adults near Lake Rudolf and
on Marsabit Mountain (Henderson, Metselaar et
al., 1968). Whether the yellow fever immunity in
northern Kenya is related to the epidemic in Ethiopia
is difficult to establish. The immunity of 14% of
the population at Lokitaung and 7% at Moyale
(Henderson, Metselaar et al., 1968) is best explained
as the result of a southward extension of that
epidemic, but the possibility of past movement of
the virus in the other direction should be considered
also. None of the series of settlements east of Lake
Rudolf between the epidemic area of Ethiopia and
Marsabit has a high immunity rate; at Ileret only
1 person in 40 was immune, and at Mikona, 3 per-
sons in 86. The low rate of immunity at Ileret is
striking when compared with that of Lokitaung on
the opposite side of the lake.

In a previous survey at Marsabit, yellow fever
immunity was detected in members of 4 tribal
groups-Boran, Burgi, Rendille, and Gabbra.
From the results of the surveys reported here, it
seems most likely that yellow fever transmission was
localized on Marsabit Mountain. Members of the
Rendille and Gabbra tribes living away from the
mountain had a much lower level of yellow fever
immunity than members of the Burgi tribe. The
Burgi are agriculturalists who live entirely on
the mountain and whose gardens are adjacent to the
mountain forest. The levels of immunity in the
children and adults of this tribe are the highest
recorded for any area of East Africa apart from
Bwamba, Uganda.

Epidemiological studies designed to investigate
the possibility of continued yellow fever transmission
at Marsabit centred on the mountain forest. Aedes
(Stegomyia) africanus was not found in the mosquito
collections, which included numerous platform
catches. A small number of forest primates were
non-immune. These two facts would indicate that
the classic Aedes africanus-forest-primate cycle of
yellow fever transmission is not present at Marsabit.
The mosquito present throughout the year and

to be considered first as the potential forest vector
is Mansonia africana. This mosquito attacks a wide
range of hosts, bites in tree-tops (Mahaffy, 1949),
and breeds in abundance in the permanent forest
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lakes. Experimentally, M. africana is capable of
transmitting yellow fever virus although no isola-
tions have been made. It would be expected that,
if this mosquito were a primary vector, immunity
should be detected in some forest primates.
Another potential vector is the Ae. dentatus

group. These mosquitos, which breed in transitory
rainwater and floodwater pools, were abundant
during the rainy season. No experimental trans-
mission has been attempted with yellow fever virus,
but Serie, Andral et al. (1968) isolated this virus
from Ae. dentatus in Ethiopia. All that is known
about the feeding preferences of this mosquito
species is that the mosquitos are easily collected on
human baits.

If yellow fever virus is not now circulating on
Marsabit Mountain but had been introduced there,
the seasonally abundant Ae. aegypti could have
been the primary vector. This mosquito is the
classic vector of epidemic yellow fever in West
Africa and the Americas, where it is closely asso-
ciated with man. Even though in some areas East
African Ae. aegypti bite man, they feed on a number
of other hosts as well. McClelland & Weitz (1963)
expressed the opinion that the promiscuity in the
choice of hosts could possibly reduce the vector
potential of Ae. aegypti, but nothing in the behaviour
of the species on the coast of Kenya could explain
the absence of epidemic yellow fever from that
region. It appears that its behaviour on Marsabit
Mountain is comparable to that on the coast.
Very few mosquitos were collected in the lower

parts of the forest where wild olives are predomi-
nant. Only Toxorhynchites hatched from larvae
collected there. The wood is regularly used as fuel
and in the daytime woodcutters are practically
always present. Nonhuman primates were observed
frequently also, but because of the scarcity of
vectors, transmission is not likely in this environ-
ment.

It is evident that considerable additional informa-
tion is necessary before the question of yellow fever
activity on Marsabit Mountain can be resolved.

Since the northern parts of Kenya have traditionally
been isolated from the rest of the country the
present construction of a road from Nairobi via
Marsabit to Addis Ababa is of immediate interest.
When completed, this all-weather road will greatly
increase movement across the northern districts and
will necessitate the monitoring of yellow fever in the
area.

In addition to yellow fever in northern Kenya,
other arboviruses are of considerable interest. Anti-
bodies to both Sindbis and West Nile viruses were
particularly prevalent in residents of Ileret and
Garissa, both of which are situated near permanent
water. West Nile and Sindbis circulate widely in
a number of species of birds, and the human anti-
body detected is the result of spillover from recurrent
bird epizootics. The relative absence of antibody
to these viruses in human sera from Marsabit is also
interesting. Marsabit Mountain is said by Moreau
(1966) to be " the most isolated mountain forest in
Africa ". Since it is also known that Palaearctic
migrants often avoid evergreen and montane forest,
this forest appears to be epidemiologically isolated
from West Nile and Sindbis viruses which are intro-
duced by migrant birds. The vertebrate host of
Wesselsbron virus is not known. This virus has been
isolated in South Africa, Uganda, and Thailand from
Aedes, Mansonia, and Culex genera (Smithbum et al.,
1957; Henderson, Tukei et al., 1968). In northern
Kenya Wesselsbron immunity seemed to parallel
that of West Nile, suggesting that this Group-B
virus may also be disseminated by birds.
The virus isolation studies at Marsabit yielded

13 strains of Pongola virus. This agent was originally
isolated from Aedes (Neomelaniconion) circum-
luteolus (Theobald) in South Africa (Kokernot et al.,
1957). Further investigations are planned into the
epidemiology of Pongola virus on Marsabit Moun-
tain. The single strain of Semliki Forest virus was
isolated from An. funestus. This is the first record
of the isolation of this virus in Kenya. Pongola and
Semliki Forest virus have not been associated with
significant human disease.
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RtSUME
ENQUETES SUR LE VIRUS DE LA FlEVRE JAUNE ET D'AUTRES ARBOVIRUS DANS LE NORD DU KENYA

Des etudes epidemiologiques ont ete entreprises dans le
nord du Kenya pour tenter d'6tablir avec plus de prdcision
la repartition de la fievre jaune. De precedentes investiga-
tions avaient montr6 chez des habitants de Lokitaung et
de Marsabit un taux d'immunite amarile de 14%. Si, a
Lokitaung, la presence de sujets immuns peut avoir pour
origine une extension de l'epid6mie de fievre jaune qui a
atteint l'Ethiopie en 1960-1962, l'immunit6 decel6e a
Marsabit semble r6sulter d'une circulation du virus
amaril dans le voisinage de cette localite.
On a r6colte 436 s6rums dans cinq secteurs du Kenya

septentrional et on les a 6prouves en inhibition de l'hemag-
glutination en pr6sence de huit antigenes arboviraux. La
prevalence des anticorps IH diriges contre les virus du
groupe B 6tait la plus 6lev6e i Ileret, Garissa et parmi la
tribu des Burgi i Marsabit. Des tests de seroneutralisa-
tion pratiques sur 107 serums positifs en TH pour les
virus du groupe B ont permis de decouvrir un petit
nombre d'adultes immuns contre la fievre jaune dans tous

les secteurs, sauf a Garissa. A Marsabit, 3 membres de la
tribu des Boran et 10 membres de la tribu des Burgi
etaient porteurs d'anticorps neutralisants pour le virus
amaril; on comptait parmi eux 3 enfants dont le plus jeune
etait ag6 de 6 ans.

Les Burgi etant des agriculteurs sedentaires, on a
proced6 en 1968 a une enqu8te entomologique dans la
zone forestiere de Marsabit. Au total, plus de 15 000
moustiques ont te captures, identifi6s, group6s par esp&ces
et expedies a Nairobi. L'inoculation au souriceau
nouveau-n6 a fourni 15 isolements de virus, dont 13
souches de virus Pongola, 1 souche de virus Semliki Forest
et une souche non encore identifi&e. Aucun isolement de
virus amaril n'a ete r6alise.

Aedes africanus et Ae. simpsoni n'ont pas ete trouves a
Marsabit. Quelques Ae. aegypti ont ete captures alors
qu'ils se gorgeaient sur l'homme. Le potentiel de trans-
mission des autres moustiques captures, et notamment de
Mansonia africana, est examin6.
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