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Chapter 2 

Summary 
Periodic outbreaks of yellow fever (YF) have been reported from Sudan (1940; 1959), 

and Ethiopia (1959; 1960-62; 1966), but not from Uganda, where YF virus was first isolated 

from a human in 1941, and lastly in 1964. Studies in Uganda elucidated the ecology of 

sylvatic YF transmission. In the YF epidemic in Kenya (1992 - 1993), the latest in East 

Africa, all persons with serologically confirmed acute cases of YF lived in rural areas and 

transmission appeared to be supported by sylvatic mosquitoes. Prior to this outbreak, the 

only human case of YF ever recorded in Kenya was in 1943. All YF epidemics in East Africa 

occurred within the endemic transmission zone that was delimited by sero surveys conducted 

between 1933 and 1943. Uganda and Eritrea lie within the transmission zone but did not 

document epidemic YF transmission. YF vaccination is the only effective public health 

intervention. 
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Kenya revisited? A review of the history of yellow fever in East Africa 

Introduction 
The re-emergence of yellow fever (YF) in Kenya, in 1992, following an absence of almost 

50 years, led to review the history of YF in East Africa,3 of which this paper is the recording. 

YF, caused by infection of YF virus, the prototype of the family Flaviviridae,1 is an arthropod-

borne11 viral disease. Clinical manifestations in humans range from inapparent infections 

to malignant forms, causing acute hepato-renal dysfunction with case-fatality rates 

approximating >20% in patients with jaundice.1 

The distribution of YF in Africa is related to vegetational zones, which reflect rainfall 

patterns and determine the abundance and distribution of mosquito vectors and vertebrate 

hosts. At present, three different transmission cycles are known, leading to the same clinical 

disease: sylvatic or forest, intermediate, and urban-/\ec/es aegypti borne, corresponding 

with zones of rain forest, savannah-forest and moist savannah, and dry savannah and 

urban," respectively.1 

In the forest cycle, YF virus is transmitted among non-human primates by sylvatic 

mosquito vectors, which breed in tree-holes, and sporadically transmit infection to humans. 

In the intermediate cycle, both humans and non-human primates serve as viremic hosts, 

and human to human transmission, involves sylvatic and Ae. aegypti mosquitoes. In the 

urban cycle, the virus is transmitted from infected to susceptible humans by Ae. aegypti 

mosquitoes, a species closely associated with human habitation, and usually affects a 

large proportion of the population. 

Between 1931 and 1935, the International Health Division of the Rockefeller Foundation 

studied the geographic distribution of protective, neutralizing antibodies to YF virus in 

humans in Africa. This sero surveyd was part of a worldwide survey to define areas in the 

world where YF virus transmission had been ongoing. Evidence for the presence of YF in 

East Africa was provided in the 1930s by a positive mouse protection test.2 In this test 

human (or monkey) serum is mixed with YF virus and the mixture is incubated and inoculated 

Historically, East Africa consists of Kenya, Uganda and Tanzania. Sudan, Ethiopia, Eritrea, and Somalia 
are included for the purpose of this review. 
YF virus has also been isolated from ticks {Amblyomma spp.), and from sandflies (Phlebotomus 
spp.). 
In truly urban environments and in very dry rural habitats where water storage is widely practiced, 
domestic Ae aegypti is the only vector present. The level of domesticity and anthropophilia of Ae 
aegypti populations, however, and the coexistence of this species with sylvatic vectors in rural areas 
complicate its role in YF transmission. 
Sero survey refers to collections of serum specimens from humans or non-human primates. Following 
infection with YF virus, neutralizing antibodies provide life-long immunity to YF virus infection, and 
are thus the gold standard of past infection. Only results from sero surveys that determined 
neutralizing antibodies against YF virus are included in this review. 
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into a group of adult mice. If the mice survive, the serum is considered to have neutralizing 

antibodies to YF. A high prevalence of immunity was found in Bwamba County in west 

Uganda, and in south-central (Anglo-Egyptian) Sudan. Ethiopia, Kenya and Tanzania 

appeared to be outside the area of YF transmission (figure 1 ).3 

The 1940 YF epidemic, Sudan 
While most of the initial research on YF in East Africa was concentrated in Bwamba 

County, Uganda (see below), the first recognized epidemic of YF in East Africa occurred in 

the Nuba Mountains, Sudan, in 1940 (table 1 ).4 Most likely, YF virus infection had occurred 

earlier, notably in a European medical officer who visited the Nuba Mountains in 1937.5 

An interesting anecdote relates to a battalion of 453 Sudanese soldiers, recruited from 

Darfur and Kordofan Provinces in the Nuba Mountains. This contingent was sent to the 

Mexican war in 1863, to assist Napoleon III. While mortality caused by YF among Europeans 

Tabler 
Epidemics of yellow fever in East Africa, including Sudan, and Ethiopia, 1940-1993. 

Year Region (Country) Published reports Region (Country) 

No. of cases Fatalities 

1,577 

(%) 

1940 Nuba Mountains (Sudan) 15,267 

Fatalities 

1,577 (10) 
1959 Blue Nile (Sudan) 114 88 (77) 

Blue Nile (Ethiopia) 237 98 (41) 
1960-62 Omo River (Ethiopia) 100.000 30.000 (30) 
1966 Arba-Minch (Ethiopia) 2,200 450 (20) 
1992-93 Kerio Valley (Kenya) 54 29 (54) 

in Mexico was alarmingly high, of the 453 Sudanese soldiers only one died of YF.6 

Following the outbreak in the Nuba Mountains human sero surveys were conducted to 

further define the area of endemic YF transmission in East Africa. Figure 1 depicts a dark 

grey area of YF endemicity defined by studies up to 1941; a light grey area (figure 1) 

shows the expansion of the latter defined by results from sero surveys (10,274 sera from 

residents in ten countries) conducted in the period 1937-437 8 It is an interesting fact that 

all YF epidemics in East Africa occurred within the endemic transmission zone that was 

delimited by sero surveys conducted between 1933 and 1943. Uganda, and Eritrea lie within 

the transmission zone but did not document epidemic YF transmission. Tanzania and Somalia 

appeared to lie outside this zone. Little meaning was attributed to YF immunity in a Somali 

woman of 70 years who claimed that she had never travelled outside the country.8 
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Figure 1: Yellow fever in East Africa: endemic areas and areas of documented epidemics. 

YF Research in Uganda and Kenya 

In 1936, the Yellow Fever Research Institute (later the East African Virus Research Institute) 

was established by the Rockefeller Foundation in Entebbe, Uganda. Field investigations 

started in Bwamba County, in 1937, approximately 400 km away from Entebbe. Bwamba 

is physically cut off from the rest of Uganda by the Ruwenzori Mountains (rising to snow 

peaks of almost 17,000 ft), and by the Semlike forest, an area continuous with the Ituri 

Forest of the Zaire basin.9 In 1941, the first YF virus isolations were obtained from a mild 

case in an African woman and from collections of Ae simpsoni mosquitoes, a sylvatic 

vector. Shortly thereafter, an extensive vaccination campaign was conducted for the 

population of Bwamba. In 1942, the virus was again isolated fromme, simpsoni suggesting 

that it had become infected from a nonhuman source. This species breeds in axils of plants 

23 



Chapter 2 

(such as banana-trees) or in tree holes and does not invade forests, where monkeys usually 

remain. Since African monkeys only show mild or no illness when infected with YF virus, 

identification of sylvatic YF was a true challenge. 

Rhesus monkeys (n=33) were stationed as sentinels on platforms in the canopy of 

uninhabited forest in Bwamba. The animals were temperatured daily, and bled monthly. 

This resulted in the identification of a focus of sylvatic yellow fever, and Ae. africanus as 

the principal vector of transmission in Semliki forest, in 1947.10 

It became the view of the Institute that YF in East Africa was primarily enzootic among 

monkeys,6 and that man got infected occasionally. During the period 1943-45, survey 

work on monkeys and mosquitoes was carried out in forest areas in Uganda, apart from 

the work in Bwamba." One-thousand-sixty-seven monkey sera from 41 Uganda localities 

showed an overall immunity rate of 42%. Epizootics of YF appeared to have occurred in 

central and west Uganda, including the Entebbe area and on Bukasa and Kome Island, 

Lake Victoria, some 10-20 km away from forested areas on the mainland. The latter was 

explained by wind-born spread of infected arthropods, deriving from 'thermal' convection 

currents from over the canopy. 

Subsequent research concentrated on the zone above the canopy. A steel tower, 40 m 

high, with platforms at intervals, was constructed in Zika forest, 12 km away from Entebbe 

(the tower is still visible from the Entebbe - Kampala road). Investigations revealed a pattern 

of 24 hour vertical migrations of a number of species, including Ae. africanus. It was 

hypothesised that Ae. africanus forms a link between the infections of animals and birds of 

the canopy and those species (including man) which frequent the forest floor. It was discovered 

that Ae.africanus showed a single short sharp evening peak of feeding activity (lasting only 

20 minutes), which occurred just after sundown, at the time when species of monkeys take 

up their sleeping positions in the tree-tops. Apart from the forest-tree-top cycle in monkeys 

and Ae. africanus, there is a rural cycle in man and Ae.simpsoni. Monkeys that leave the 

forest, to raid the nearby banana plantations, provide the link between the two cycles.12 

Few human cases of YF have been reported in Uganda. However, in 1964, YF virus was 

isolated from a fatal case, who lived in Mengo District, central Uganda.13 14 Immediate 

field investigations revealed that there was much forest in the near vicinity of the house, 

Ae. simpsoni did not bite man, YF virus was isolated from pools of Ae. africanus collected 

at the canopy and at ground level, and 5 of 6 monkeys showed immunity to YF virus. If the 

area had maintained a high population of man-biting Ae. simpsoni an epidemic could 

easily have begun." 

The nomenclature of monkeys referred to in this paper includes: Vervet, Redtail, and Mona monkeys 
(Cercopithecussp.); Black Mangabey (Cercocebussp.); Lowland Colobus {Colobussp.); olive baboons 
{Papio sp.), and rhesus monkeys (Macaca mulatta). 
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In 1942, in Kenya, a fatal illness in an African, diagnosed as YF, occurred at Kitale (north

west Kenya). The final diagnosis, based on liver histology, was not accepted by some of 

the experts who, at a major YF seminar in 1953, re-examined the specimen. In the next 

year (1943) an African soldier died at Kisumu, western Kenya, just having arrived there 

from Nairobi. A clinical diagnosis of YF was made and confirmed by the histopathology of 

the liver; no serology was performed, and virus isolation was not attempted. The patient 

was most probably infected in Langata Forest,' where he was stationed before. 

A sera survey found evidence of YF transmission among people (3 of 60, 5%) living in 

the same forest, and monkeys (2 of 164, 3%) living in the nearby Ndeya Forest.'615 Similar 

surveys, in the coastal area of Kenya identified three other localities where the presence of 

enzootic yellow fever had been established (figure 2: "B"). Interestingly, while in the coastal 

area the rate of immunity to YF virus was low in monkey sera, in bush-babies (Galago spp.) 

higher rates of immunity (14 of 102, 14%) were found. 

Bush-babies are a widely distributed but little-known group of prosimian primates. 

Laboratory- and field studies conducted in Uganda in the early 1950s suggest also that 

bush-babies may be involved in the ecology of YF in East Africa.16 Monath suggests that 

further study of these animals is warranted, especially in areas where monkey populations 

appear insufficient to sustain virus transmission.1 Because of this inverse relationship in 

exposure of bush-babies and monkeys, the role of alternate vectors, such as phlebotomine 

flies, in transmission cycles involving galagos may also require investigation.1 ,0 17 

YF epidemics: Sudan and Ethiopia 1959; Ethiopia 1960-62, and 1966 
In 1959, about 20 years after the YF epidemic in the Nuba mountains, a second YF 

epidemic occurred in the Blue Nile area (southern Fung and Upper Nile Districts) of the 

Sudan,18 and in the bordering area of Ethiopia.19 The next year, the largest recorded 

African YF epidemic began in the Omo River Valley of southwestern Ethiopia, and continued 

for two years. Over 3000 deaths were reported, but investigators from the Pasteur Institute 

in Addis Ababa estimated that over 100,000 cases and 30,000 deaths occurred in an area 

with 1 million people.20 Entomologie investigations implicated Ae africanus in monkey-to-

monkey, and low level monkey-to-human transmission, and Ae simpsoni in human-to-human 

transmission.21 Four years after the cessation of this epidemic, the disease appeared in 

Arba-Minch (in 1966), east of Lake Abaya in an area spared by the 1960 to 1962 outbreak.22 

Sudan and Ethiopia have not experienced any documented YF epidemics since. 

f Langata and Ngong Forests are two adjacent forests at an altitude of about 1800 m; Ndeya Forest 
is also called Dagoreti Forest. These forests lay approximately 7 km outside Nairobi. 
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Figure 2: Yellow fever in Kenya: areas with documented transmission. 

Further YF research in Uganda and Kenya 
The epidemic in Ethiopia stimulated serologic surveys of humans and non-human primates 

in north Uganda, and Kenya.23 24 25 Immunity to YF virus in humans (33 of 445, 7%) was 

detected in Kenya, along the Ethiopian border (figure 2: "D"), possibly indicating southward 

extension of the outbreak, but not in Karamoja District, northeastern Uganda. Low level 

YF immunity was found in Somalia (6 of 71 , 4%) supporting findings of a previous immunity 

survey conducted by Mahaffy et al., in 1943.8 

Some evidence of endemic YF transmission among the non-nomadic people was found 

at Marsabit (16 of 112, 14%) (figure 2: "C"). Marsabit is situated at an elevation of about 
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1,400 m on the slopes of Marsabit Mountain, just below a forest. The mountain is an 

island of green surrounded by semi-desert country. Clinical cases have not been recognised; 

sera from non-human primates were all negative for YF antibodies, and no YF virus was 

isolated from 15,500 mosquitoes collected on human baits in 1968.26 Between 1966 and 

1970, entomological investigations in the coastal area and the Ngong-Langata Forests in 

Kenya also failed to yield YF virus.27 

In 1972, in Uganda, routine post-sunset mosquito catches at the steel tower in Zika 

Forest (Entebbe area) produced a series of YF virus isolations from Ae africanus28 29 Although 

enzootic transmission in Zika Forest had first been documented through seroconversion of 

a sentinel monkey in 1947, YF virus had never been isolated.17 Uganda has not confirmed 

YF virus infection in humans, since its last fatal case in 1964. 

The 1992-1993 YF epidemic in Kenya 
Epidemiologic investigations are presented in Chapter 3. In summary, the outbreak 

originated in the south-Kerio Valley, Rift Valley Province (figure 2: "E").30 The official number 

of cases notified was 54, including 29 fatalities.31 The morbidity and mortality associated 

with this outbreak were under-estimated because only hospital-based disease surveillance 

was conducted, involving a selection of health facilities serving the area. Furthermore, 

surveillance was limited to severe disease. Given that approximately 3% of YF cases present 

with jaundice, YF illness may have attacked at least 800 persons (24 confirmed YF cases 

with jaundice x 100/3). Patients with confirmed YF cases lived in rural, mainly woodland 

areas, at altitudes of 1,300-1,800 m. Entomologie investigations suggested that Ae. 

africanus, collected by landing capture, was the principal vector, because of its abundance 

in the area, and 2 isolations of virus from pools of this species.32 A third isolate was made 

from a pool of Ae. keniensis, that was collected in the same biotope. Specimens obtained 

from 35 vervet monkeys and olive baboons captured in the outbreak area, showed significant 

immunity (13 of 35, 37%) by neutralizing antibody against YF virus (R.McLean and 

M.Suleman, personal communication). Entomologie and epidemiologic evidence indicate 

that this was a sylvatic outbreak in which human cases were directly linked to the epizootic 

and were independent of other human cases.32 

Between 1993-95, sentinel surveillance (utilising 18 sentinel sites) documented a low 

level of continued enzootic/endemic transmission in and around the outbreak area. Ten 

(7%) of 150 patients meeting a clinical case definition showed evidence of recent infection 

with YF virus.33 One fatal patient with confirmed YF (onset of illness: 1994), lived far 

outside the known endemic area and had no history of travel to the YF-endemic area in the 

two weeks prior to disease onset. In 1997, following rumours of haemorrhagic illness in 

Songhor, Nandi District (residence at the time of illness of this patient), seroepidemiological 
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investigations were conducted and no evidence of YF virus transmission was found (L. Dunster, 

personal communication). Further studies are necessary in and around Songhor area, Nandi 

District, to establish whether enzootic YF transmission is present. 

Discussion 
Few YF epidemics have been documented in East Africa. Following the first, in south-

central Sudan (1940), serological surveys of human and non-human primates defined the 

further presence of YF. It appeared that the enzootic/endemic area of YF transmission extended 

from Sudan to Eritrea, Ethiopia and Kenya. Subsequent epidemics of YF - a series in Sudan 

and Ethiopia (1959-66), and the first ever documented in Kenya (1992-93) - occurred within 

the area that was delimited by sero surveys conducted between 1933 and 1943. 

How YF virus transmission is maintained during the interepidemic period is not clear. 

Monkey populations are generally insufficient to sustain stable sylvatic transmission, since 

immunity to YF virus infection is life long and monkey population replacement relatively 

slow. For this reason, epizootic waves tend to wander or move spatially, either within an 

extensive region or directionally following natural corridors of riverine (gallery) forests.34 

However, natural history studies in Uganda showed a continuous pattern of enzootic and 

often epizootic YF transmission in Bwamba County and Zika Forest, suggesting that 

'wandering epizootics' in these areas, are less important for the maintenance of YF virus. 

Transovarial passage of YF virus from generation to generation (vertical transmission) in 

mosquitoes, first considered by Finlay in 1899, was documented in 1905, but for over 70 

years thereafter it proved impossible to confirm this observation.34 In the late 1970s, vertical 

transmission of YF virus was demonstrated in experimentally infected Ae. aegypti and 

other aedes species.35 However, the rate of transovarial transmission was believed to be 

low and inadequate to maintain YF transmission. 

In 1995, in Senegal, Fontenille etal. documented the first evidence of vertical transmission 

of YF virus in nature by Ae. aegypti* YF virus isolations were obtained from males, who 

do not bite man, and from adults reared from larvae collected in the field. The 

epidemiological implications are important: YF virus can persist until the next rainy season 

(and probably for longer periods) inside infected eggs laid in breeding sites which dry up; 

YF virus can be transmitted only a few days after the emergence of Ae. aegypti females, 

theoretically at the first blood meal, independent of the viral extrinsic cycle (in the mosquito) 

which usually lasts 8 to 12 days.36 Transmission in the human population will be more 

frequent than if there were only horizontal transmission. Thus, transovarial transmission 

provides an explanation for YF virus maintenance without the need to postulate alternate 

vectors, or reintroduction of virus from distant enzootic foci.21 

28 



Kenya revisited? A review of the history of yellow fever in East Africa 

Molecular studies indicate that YF viruses from Sudan, Ethiopia, Uganda, Kenya and the 

Central African Republic form a group that is distinct from YF viruses collected in West 

Africa and South America.37 Strains within a topotype show considerable genetic stability 

over time, indicating that epidemics arise from local sources, rather than long-range 

introductions. In 1992, in the Kerio Valley, the epidemic was caused by either a spill over 

from an 'indigenous' enzootic or by the southward movement of a wandering epizootic. 

Reiter et al. report three unconfirmed outbreaks of haemorrhagic illness in 1990-91, in 

areas north of the Kerio Valley outbreak, suggesting that a YF epizootic moved spatially 

southwards, in the period 1990-92.32 Inpatient registry review for "resistant malaria and 

hepatitis", however, revealed a total of 43 adult admissions in a mission hospital serving 

the outbreak area, cyclically distributed over the period 1990-92 (CDC unpublished 

information). This limited observation, of patients presenting with 'unknown fever and 

possibly jaundice', suggests the presence of YF enzootic transmission in the outbreak area 

two years prior to the emergence of YF in epidemic proportion. The absence of human (or 

non-human) serological surveys - to determine (age-specific) infection rates in the area 

around and north of the outbreak area - restricted the potential of the epidemiologic 

investigation conducted in 1993 to determine whether YF virus had been recently introduced 

to the south Kerio Valley. 

Uganda has no documented record of epidemic YF transmission and human disease is 

rare. This has been explained in part by the ecology of Ae. africanus and Ae. simpsoni, only 

biting man occasionally. Interestingly, in Ethiopia and Kenya these vectors were incriminated 

as principal epidemic vectors. Reasons for these local preferences are not known and the 

potential for epidemic transmission should not be neglected in Uganda. 

Few data exist on the morbidity caused by YF fever during inter-epidemic periods, although 

such data are critical to estimating potential benefits of immunisation.38 In Kenya, ongoing 

YF transmission has been monitored through a sentinel surveillance programme, providing 

evidence that immunisations are required for the population of the outbreak area and 

adjacent areas.33 There is a potential risk for urban, Ae. aegypti-bome transmission of YF; 

Ae. aegypti infestations in west Kenya were above the minimum threshold for human 

transmission.32 For this reason, both improved laboratory-based surveillance, and expansion 

of the sentinel surveillance programme, are recommended.39 Because of the inaccessibility 

of breeding sites of the sylvatic species, prevention of YF by vector control - reduction of 

mosquito larval habitats or pesticide application - is not feasible. YF vaccination is the only 

effective public health intervention. 
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