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C h a p t e r I 

Introduction 



The most powerful, effective and under-rated tool in communicable disease control 

is the technique of surveillance, which, in essence, is a management process. 

D. H. Henderson: surveillance of smallpox.1 
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Introduction 
1.1 Disease surveillance: concept, history, function 

Surveillance programmes must contain three specific components: a system for data collection, 

a system for data analysis, and a system for response. These components should be linked.2 

The most difficult component in a surveillance system is the collection of useful data. 

There are many sources of disease surveillance data, but the most usual source is the 

collection of morbidity and mortality data from health facilities. While medical record keeping 

may be the least appealing aspect of health care to clinicians, to epidemiologists this 

process is of greatest importance. Medical records may include a wealth of information: 

signs and symptoms of the illness, differential diagnosis, documentation of a working-

diagnosis, and results of laboratory investigations. Recording and notification of disease 

outcome leads to morbidity and mortality registration. Whether kept in electronic format 

at a National health office, or in a simple table at a Chief's hut in a remote area in sub-

Saharan Africa, epidemiological analysis of morbidity and mortality registries may help 

elucidate health problems typical of the area of notification. 

Although surveillance methods were originally developed as part of efforts to control 

infectious diseases, basic concepts of surveillance have been applied to all areas of public 

health.3 This is reflected in the 1986 Centers for Disease Control and Prevention (CDC) 

definition of Public Health Surveillance.4 

Public Health Surveillance is: 
The ongoing systematic collection, analysis, and interpretation of health data essential to 

the planning, implementation, and evaluation of public health practice, closely integrated 

with the timely dissemination of these data to those who need to know. The final link in 

the surveillance chain is the application of these data to prevention and control. 

Central to the concept of disease surveillance is the belief that improved information will 

lead to improved decision making, which in turn leads to better distribution of scarce 

health resources to those problems most likely to result in health gains.5 

Case reports of infectious diseases were probably first used to implement public health 

measures in Venice, in 1348. During an outbreak of pneumonic plague, (the 'Black Death'), 

the republic of Venice appointed three guardians of public health to prevent ships with 

affected people aboard from reaching the piers.6 In the late Middle Ages, rudimentary systems 

to monitor illness led to regulations against polluting streets and public water, construction 

for burial and food handling, and the provision of some type of care.7 West African villagers 

used surveillance techniques when they placed smallpox patients in small isolation huts outside 

the village and provided an attendant who had previously recovered from smallpox.1 
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Chapter 

William Farr is recognised as the founder of the modern concept of surveillance. As 

superintendent of the Statistical Department of the Registrar General's Office in Great 

Britain from 1839 to 1879, he collected, analysed, and interpreted vital statistics and dis

seminated the information to responsible health authorities as well as the general public.3 

In the late autumn of 1848 when only a small premonitory wave of cholera had appeared 

in London, Farr published in the weekly returns a table showing mortality by areas of 

London according to their water supplies. Those most contaminated with sewage from 

the river Thames experienced the highest mortality. In 1854, John Snow completed his 

cholera studies both of the Broad Street Pump Outbreak and the massive epidemic in 

South London with considerable logistic help from Farr.8 

In 1848, Rudolph Virchow, one of the founders of public health, studied the causes of a 

massive typhus epidemic in Upper-Silesia. He concluded that the epidemic was caused 

primarily by poverty and underdevelopment. Instead of recommending medical changes, 

e.g. more doctors or hospitals, he outlined a revolutionary programme of social 

reconstruction, including full employment, higher wages, the establishment of agricultural 

co-operatives, universal education, and the dis-establishment of the Catholic church.9 

The current concept of surveillance as the monitoring of disease occurrence in populations 

was promoted by Alexander Langmuir in the US, as a function of the newly created 

Communicable Disease Centre (now the Centers for Disease Control and Prevention).10 

The first major national programme that this centre undertook was the malaria eradication 

programme." Surveys during the mid 1930s had established malaria to be an endemic 

problem deeply rooted in the south-eastern part of the US. Epidemiologic studies initiated 

in 1947 - simple appraisals of the morbidity and mortality reports - indicated that most 

reported malaria cases were erroneous. A dramatic drop in reported malaria was noted 

when laboratory results were required to confirm its diagnosis. It appeared that malaria had 

mysteriously disappeared in the period 1935-45, probably even before a chloro-phenotane 

(DDT) programme was underway." In this case, surveillance showed that a disease disappeared 

through natural processes rather than through planned public health measures. 

In 1968, at the 21st World Health Assembly, the World Health Organisation (WHO) 

described surveillance as the systematic collection and use of epidemiological information 

for the planning, implementation and assessment of disease control, or in short, 'information 

for action'.'2 '3 Clearly, surveillance was the foundation for the successful global campaign 

to eradicate smallpox. When the campaign began in 1967, smallpox reporting sources, 

usually medical facilities, were contacted on a routine basis, and thus a reporting network 

was established in most countries. It soon appeared that health facility based reporting 

would detect only the tip-of the-iceberg of the smallpox problem, and a programme based 

on surveillance to target vaccinations in limited areas would be more efficient. Thus, other 
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reporting sources were often established, including markets, schools, and police.31415 Of 

great importance was the response to notifications by surveillance teams and higher level 

officials. In India and Bangladesh, towards the end of the campaign, numerous expatriate 

WHO epidemiologists were equipped with jeeps, gasoline and large sums of cash to hire 

personnel, print leaflets, reward the discovery of cases and make on-the-spot arrangements 

for surveillance and containment.16 

The terms 'active' or 'passive' surveillance have been used to describe two alternative 

approaches to data collection. For most infectious diseases, surveillance activities rely 

traditionally on notifiable diseases reporting systems that were instituted by legal mandate.17 

These systems are termed passive since the data recipient essentially has to wait for the 

data providers to report. Active surveillance is conducted when the health department 

regularly contacts reporting sources (e.g. once per week) to elicit reports, including negative 

reports (no cases), or conducts regular assessments (e.g. population based sample surveys) 

to evaluate the health status and delivery of health services.18 Buehler emphasises that, 

while the terms "active" and "passive" are conceptually useful, they are insufficient for 

describing a surveillance method, since most surveillance systems combine methods of 

data collection.19 

Surveillance aims to monitor the incidence and prevalence of specific health problems, 

and document their impact in defined populations. For example, surveillance for HIV infection 

and AIDS in the UK is conducted by the Public Health Laboratory Service Communicable 

Disease Surveillance Centre.5 Data derive from different sources, such as voluntary 

confidential reports, unlinked, anonymous testing for HIV infection in various groups, and 

by monitoring results from voluntary tests for HIV in selected laboratories.20 Thus, this 

system combines methods of active surveillance. The purpose of this programme is to 

monitor the incidence and prevalence of HIV and AIDS, and document their impact in 

defined populations. Recently, DeCock and Low indicated that omission of information on 

country of birth and ethnicity allow differences in incidence to go undetected and 

unaddressed.20ln contrast, in the UK, long-term surveillance based on routinely collected 

data, i.e. passive surveillance, may show how the incidence of some infectious diseases, 

for example, diphtheria, measles, and whooping-cough, has changed both in the total 

number of cases, cyclical distribution, and in association with immunisation rates.6 The 

purpose of this information is to assist public health programmes in planning and defining 

programme objectives. 

13 



Chapter 1  

1.2 Disease surveillance in developed countries 

There has been an ongoing debate about the surveillance and control of infectious diseases 

in the USA,2I 22 and the European Union (EU).23 24 25 These systems developed to monitor 

specific conditions, rather than populations, may fail to early detect new problems (AIDS in 

the early 1980s), may not provide timely data (systems depending on vital statistics), or 

may be poorly coordinated (clinical data not being linked with appropriate laboratory 

data).22 Fuelling the debate on the limitations of the surveillance systems in the USA is the 

fact that infectious diseases have not disappeared from society despite technological 

advances made,2' and the realisation that infectious diseases do not respect international 

boundaries.26 

On a global scale, a number of new infectious diseases has been detected recently, 

partly because of more sensitive detection systems,27 28 but also because they emerged 

due to societal factors. These include: global travel, globalisation of the food supply, 

population growth and increased urbanisation, population movements due to civil wars,29 

deforestation, increased use of antimicrobial agents and pesticides, and increased human 

contact with tropical rain forests and other wilderness habitats. Infectious diseases discovered 

in the past three decades and the ones that existed for centuries, but have recently increased 

in public health significance, have been termed 'emerging infections', a notion found more 

often in the American literature. 

In 1994, CDC launched the first phase of a nation-wide effort to revitalise national capacity 

to protect the public from infectious diseases. The effort focused on four goals: surveillance 

and response; applied research; infrastructure and training; and prevention and control.30 

New emerging threats such as new-variant Creutzfeldt-Jacob disease, a new and virulent 

strain of influenza in Hong Kong, and several multi-state food-borne outbreaks, led CDC to 

update its strategy in 1998. To facilitate greater utility of disease surveillance systems, 

systems should be linked electronically to laboratory-based data management systems 

(Public Health Laboratory Information System), and should be made readily accessible to 

public health practitioners on a timely basis.31 32 

Regular evaluations of public health surveillance systems have been recommended by 

CDC.33 34 However, Thacker and Berkelman point out that there have been no published 

studies on the impact of surveillance data on policies and interventions, and few studies 

relate the cost of acguiring surveillance information to any tangible benefit.35 

The surveillance of human infectious diseases in the EU is not supported by one, single, 

defined centre.36 The prevailing view among public health workers, however, is that the 

virtual European CDC already exists, based on the network of 15 national surveillance 

institutes. These networks will be linked electronically, and should be accessible on a day-

to-day basis by the representatives of national communicable disease surveillance centres. 

14 
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Pending standardisation of case definitions, surveillance in the EU will increasingly consist 

of disease specific networks,3 that will be maintained on top of routine collecting systems.37 

In parallel, at WHO, the Division of Emerging and other Communicable Diseases and 

Control (EMC) is in the process of strengthening its global monitoring and alert systems, 

which will link together specialised laboratories and disease surveillance systems from all 

countries via electronic and printed media.38 

1.3 Disease surveillance in developing countries 
The 'emerging infections initiatives' also carry some responsibility to support research, 

outbreak investigations, and improved disease surveillance in developing countries, however, 

most activities are focussed on strengthening central level capacities. It is not clear how 

disease surveillance at district level will improve through these efforts. 

Since disease surveillance systems in developing countries are often a legacy left behind 

by colonial administrators, there is much in common between surveillance systems in the 

developed and the developing world. However, unlike many developing countries where 

surveillance usually relies on the use of long, complicated reporting forms,39 40 there is the 

advantage of a strong laboratory capacity and easy access to electronic transfer of information 

in the developed world. 

In developing countries, health delivery at district level is offered through dispensaries, 

health centres and hospitals. In addition, non-governmental (missionary and other private) 

organisations (NGOs) offer health services. At these services, communications with central 

level facilities are poor or non-existing, and medical record keeping is often constrained by 

patient load. There is a non-standardised manner of data collection, and health workers 

often lack diagnostic skills and adequate laboratory support. 

Peripheral health facilities are rarely supervised, are usually not informed about disease 

outcome of patients they have referred, and often lack feed back on laboratory tests 

requested. Subsequently, routine reporting and notification1" of diseases is often delayed, 

too slow, or not conducted at all.41 

Routine, passive, surveillance in developing countries usually does not lead to detection 

of disease epidemics.42 As data is aggregated to each level from the periphery to the 

centre, the ability to detect or follow up localised outbreaks is lost.39 40 De Kadt described the 

process of routine surveillance: "health workers dutifully (if not always accurately) fill out the 

required forms. They take them to their supervisors. These, in turn, pass the forms to someone 

else for processing and sending further up the line. The results of all this hard labour often 

Examples are: European working group for Legionellosis infections (EWGLI); International surveillance 
network for the enteric infections (Enter-net); European antimicrobial resistance surveillance system 
(EARSS). 
Reporting and notification differ in that the latter is mandatory. 
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end up as half-sorted piles of dusty forms, stacked to the ceiling somewhere in the District 

Health Office." At best, these data are tabulated and published in a statistical summary 

several years after collection, too late to be of use in health planning and decision making. 

Several authors report on the need to improve disease surveillance at district level. Some 

of these recommendations include the need of surveillance to focus on outcome measures 

(e.g. number of cases detected / 100.000 population),43 improved health facility-based 

data collection systems,44 and collection only of the most essential information (a listing of 

cases and deaths by time and place).45 Successful implementation of these recommendations 

at health facilities, however, has not been documented in sub-Saharan countries to our 

knowledge. A limiting factor of infectious disease surveillance is the absence of sufficient 

laboratory capacity at district level. A comprehensive plan to improve laboratory capacity 

and integrate infectious disease surveillance in sub-Saharan countries has been recently 

proposed by WHO, and is supported by CDC. 

1.4 Aim of the thesis 
The primary goal of this thesis is to contribute to the discussion on how infectious disease 

surveillance in sub-Saharan countries can be improved. The views expressed are based on 

the author's experiences in field investigations in East Africa following disease epidemics 

of yellow fever (YF),46 o'nyong-nyong fever (ONN),47 and Rift Valley fever (RVF),48 in 1992-

93, 1997, and 1998, respectively. In Puerto Rico, in 1996, and 1997, leptospirosis was 

studied using the existing laboratory-based surveillance for dengue fever.49 50 

This thesis is organised as follows: Chapter 2 presents a review of the history of YF in 

East Africa. Chapter 3 contains the epidemiological investigations of the first yellow fever 

epidemic in Kenya (1992-93). Chapter 4 presents a sentinel surveillance study of YF 

conducted in Kenya between 1993-95, and provides laboratory-based evidence of ONN 

fever infections occurring in western Kenya in 1994-95, two years before an ONN fever 

epidemic was detected in Uganda. Chapter 5 describes the second ONN fever epidemic ever 

documented, and provides results of a household-based seroprevalence survey. Chapter 6 

presents a clinical description of ONN fever and the use of a clinical case definition as a 

surveillance tool. Chapter 7 shows the capacity of the laboratory-based surveillance system 

for dengue fever to detect an increase of leptospirosis in Puerto Rico. Chapter 8 discusses 

specific surveillance needs of the diseases reported in this thesis, and reflects on limitations 

to address these needs of the integrated disease surveillance (IDS) initiative. Suggestions to 

improve IDS are given. 
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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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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. 

25 



Chapter 2 

34° 35° 36° 37° 38° 39° 40° 

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 
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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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Abstract 
Outbreaks of yellow fever (YF) have never been recorded in Kenya. However, in 

September 1992, cases of hemorrhagic fever (HF) were reported in the Kerio Valley 

to the Kenya Ministry of Health. Early in 1993, the disease was confirmed as YF and 

a mass vaccination campaign was initiated. Cases of suspected YF were identified 

through medical record review and hospital-based disease surveillance by using a 

clinical case definition. Case-patients were confirmed serologically and virologically. 

We documented 55 persons with HF from three districts of the Rift Valley Province 

in the period of September 10, 1992 through March 11, 1993 (attack rate = 27.4/ 

100,000 population). Twenty-six (47%) of the 55 persons had serologic evidence 

of recent YF infection, and three of these persons were also confirmed by YF virus 

isolation. No serum was available from the other 29 HF cases. In addition, YF virus 

was isolated from a person from the epidemic area who had a nonspecific febrile 

illness but did not meet the case definition. Five patients with confirmed cases of 

YF died, a case-fatality rate of 19%. Women with confirmed cases of YF were 10.9 

times more likely to die than men (P = 0.010, by Fisher's exact test). Of the 26 

patients with serologic or virologie evidence of YF, and for whom definite age was 

known, 21 (81%) were between 10 and 39 years of age, and 19 (73%) were 

males. All patients with confirmed YF infection lived in rural areas. There was only 

one instance of multiple cases within a single family, and this was associated with 

bush-clearing activity. This was the first documented outbreak of YF in Kenya, a 

classic example of a sylvatic transmission cycle. Surveillance in rural and urban areas 

outside the vaccination area should be intensified. 
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Introduction 
Periodic outbreaks of yellow fever (YF) have been reported in East Africa since 1940.15 

The largest occurred from 1960 to 1962 in Ethiopia, with an estimated 100,000 cases.5 

Despite an estimated seroprevalence of antibody to YF up to 14% in northern Kenya,6 7 no 

outbreaks of YF have been reported and only one case of YF has ever been confirmed.8 

Clusters of cases of hemorrhagic fever (HF) were first reported in September 1992 from 

the southern parts of the Keiyo (Kerio Valley), Baringo, and Koibatek Districts (former 

Elgeyo-Marakwet and Baringo Districts) in the Rift Valley Province of northwest Kenya. 

Subsequent serologic testing at the Kenya Medical Research Institute (KEMRI) and the 

Division of Vector-Borne Infectious Diseases (DVBID), of the Centers for Disease Control 

and Prevention (CDC) in Fort Collins, Colorado showed that some of these persons had 

recently been infected with YF virus.9 ,0 Review of the detailed medical record of the first 

confirmed YF case documented that the man, who survived, was originally admitted with 

a mysterious illness which had affected and proved fatal for a large number of inhabitants 

from his residential area. Confirmed cases of YF (HF-YF) and cases of HF had onset of 

illness to March 1993. The last fatal case of HF was reported to the Kenya Ministry of 

Health one month after a mass vaccination campaign had been initiated in these two 

districts." 12 We report here on the epidemiologic investigations of the outbreak, carried 

out by members of the Kenya Ministry of Health, KEMRI, the World Health Organization, 

and CDC. An account of the entomologie investigations, conducted at the same time, is 

published elsewhere.13 

Description of the area 
The epidemic area combines the southern part of the Kerio Valley (approximately 0°7'N 

to 0°35'N; 35°34'E to 35°48'E), in the Keiyo District, and adjacent parts of the Baringo and 

Koibatek Districts (figure 1). The first cases were reported from the southern part of the 

valley. Vegetation in this region is semi-arid with thorny brush land and discontinuous 

gallery woodland. Numerous small streams drain from the higher altitudes into the Kerio 

River. Roads are unpaved and communications are poor. Most of the population lives from 

minimal subsistence agriculture, growing groundnuts, finger millet, and sorghum. Small 

numbers of cattle, sheep, and goats are reared. Health-care facilities are limited. The 

population of the southern part of the valley is approximately 66,000.14 

The adjacent eastern slopes of the Amasha Hills (south of Kabamet, Baringo, and Koibatek 

Districts), where subsequent cases of HF occurred, are less arid and more developed, with 

some paved roads and better communications. The area is characterized by discontinuous 
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Figure 1: Map of the yellow fever outbreak area, Rift Valley Province, Kenya, 1992-1993. Black dots 
depict residences. 

woodland and various human settlements. Health-care facilities are more accessible: there 

are two government district hospitals and one mission hospital. The population of the affected 

area in the Baringo and Koibatek Districts is approximately 135,000. There are two rainy 

seasons, the first from April to June (long rains), and the second from October to November 

(short rains). The population of the region had never been vaccinated against YF. 
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Materials and methods 
Human case finding 

The investigation was conducted in accordance with human research subjects guidelines 

of the Kenyan Ministry of Health and with guidelines of CDC for studies conducted in rapid 

response to public health emergencies. 

In January 1993, prospective surveillance for cases of HF was initiated in five hospitals in 

the Uasin Gishu, Baringo, and Koibatek Districts. Persons with suspected HF were identified 

by medical and nursing staff and interviewed by a member of the investigation team. In 

addition, staff at these five hospitals were asked to recall patients with symptoms suggestive 

of HF who had presented from September 1992 through December 1992. Medical records 

of persons identified, either prospectively or retrospectively, were reviewed by members of 

the investigation team to determine if HF was present. Clinical samples were sought, but 

not always obtained, for persons identified prospectively. A case of HF was defined as a 

person with three of the following five signs and symptoms: jaundice, hemorrhage, 

encephalitis, renal failure/anuria, or a temperature >38°C. Encephalitis was defined as 

confusion, disorientation, delirium, coma, or seizures. To confirm a diagnosis of YF, serum 

samples were collected from persons with HF and liver samples were collected from recently 

deceased persons with HF. Members of the investigation team visited many of the homes of 

persons with HF-YF.13 During home visits, additional clinical and epidemiologic information 

and a convalescent serum sample were obtained. When the case-patient was unavailable, 

additional information was obtained from family members. 

Laboratory testing 

Liver samples and serum were stored in liquid nitrogen or in freezers at -20°C until they 

could be transported for serologic and virologie testing at KEMRI (Nairobi, Kenya) and the 

DVBID at CDC (Fort Collins, CO). Serum samples were tested for YF antibodies with an 

IgM-capture ELISA (MAC-ELISA),15 '6 the hemagglutination-inhibition (HI) test adapted to 

microtiter,17 and the plaque-reduction neutralization test.'8 Acute and convalescent serum 

samples from the same patient were always tested together by using each assay. 

A presumptive diagnosis of YF was made if YF-specific IgM antibody was present in acute 

or convalescent serum samples by MAC-ELISA and the HI antibody titer was greater than or 

equal to 1:1,280, and YF etiology was confirmed if there was a four-fold or greater increase 

in HI antibody titer or YF virus was isolated from the acute serum or from a tissue sample. To 

confirm the specificity of the antibody response, serum was tested for neutralizing antibody 

by the plaque-reduction neutralization test for several f laviviruses (Dengue, West Nile, Uganda 

S, Banzi, Zika, and YF). A specific neutralizing antibody response representing YF infection 

was defined as a four-fold or greater titer to YF than to the other flavivirus antigens. 

37 



Chapter 3 

For virus isolation, acute serum samples and liver samples were inoculated into three cell 

culture systems: Aedes pseudoscutellaris (AP61), Ae. albopictus (C6/36), and Vero cell 

cultures. Ten to 14 days after inoculation, all cell cultures were harvested and spotted onto 

teflon-coated slides. After air-drying, slides were fixed for 10 min in cold acetone, Airdried 

again, and screened for the presence of f lavivirus antigen with a direct immunofluorescent 

antibody assay that used a conjugate prepared from pooled human serum with high-

titered (> 5,120) flavivirus antibody.19 In addition, these same samples were injected into 

the brains of 1-3-day-old mice. During a period of observation up to 21 days, ill mice were 

killed and the brains were removed. A 10% mouse brain suspension was inoculated into 

AP61 cells and processed as noted for primary cell culture virus isolation.20 The YF isolates 

were identified by indirect immunofluorescent assay using YF-specific monoclonal 

antibodies. '9 2' To distinguish between 17D vaccine virus strain and wild-type YF, the isolates 

were screened by indirect immunofluorescent assay using specific monoclonal antibodies 

that differentiate between the two strains.21 

Results 
Case investigation 

From September 1992 through March 1993, 55 persons with HF were identified from the 

Keiyo,Baringo, and Koibatek Districts, resulting in a minimum HF attack rate of 27.4 per 100,000 

population. Of 55 patients with HF, serum samples or tissue were not available or were not 

obtained for 29 (53%). The earliest recorded onset of these 29 HF cases was September 28, 
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Figure 2: Number of cases of hemorrhagic fever, by week, in the Keiyo, Baringo, and Koibatek Districts, 
Kenya, 1992-1993. 
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Tablel 
Persons with hemorrhagic fever caused by yellow fever infection (HF-YF case), hemorrhagic fever-clinical 
case (HF case), and total cases (total HF-YF/HF), 1992-1993, Kenya. 

Charactenstic HF-YF case HF case Total HF-YF/HF 

Number 26 29 55 

Sex 
Male 19 (73%) 18 (62%) 
Female 7 (27%) 11 (38%) 

Age (years) 
10-19 11 (42%) 6 (21%) 
20-39 10 (38%) 15 (52%) 
>40 4 (15%) 5 (17%) 
Unspecified adults I (4%) 3 (10%) 

Fatal cases 
Total 5 (19%) 29 (100% 
Male 1 (4%) 18 (62%) 
Female 4 (15%) 11 (38%) 

Resident district 
Koibatek or Baringo 22 (85%) 28 (97%) 
Other district 4 (15%) 1 (3%) 

Case finding method 
Retrospective 10 (38%) 17 (59%) 
Prospective 16 (62%) 12 (41%) 

37 (67%) 
18 (33%) 

17 (31%) 
25 (45%) 

9 (16%) 
4 (7%) 

34 (62%) 
19 (35%) 
15 (27%) 

50 (91%) 
5 (9%) 

27 (49%) 
28 (51%) 

1992 and the latest onset was March 11,1993 (figure 2). Twelve (41 %) of 29 HF patients were 

identified prospectively. All 29 died. Of these 29 persons, 11 (38%) were female, and 28 (97%) 

resided in the Baringo and Koibatek Districts (table 1 ). Age was known for 26 of 29; 21 (72%) 

were less than 40 years of age (mean = 31.0 years, range = 12-65 years). 

The remaining 26 (47%) persons with HF had serologic evidence of recent YF infection 

(HF-YF) and YF virus was isolated from the serum of three of the 26 patients. In one fatal 

case, YF virus was also isolated from the liver samples. Of the 26 persons with HF-YF, five 

(19%) died and seven (27%) were female (table 1). Of these seven females, four (57%) 

died compared with only one of 19 males with HF-YF (relative risk of death for females = 

10.9 [95% confidence interval = 1.5-81.3, P = 0.01]). Age was known for 25 of 26; 21 

(81%) were less than 40 years of age (mean = 27.2 years, range = 10-70 years). For the 

HF-YF cases, the earliest onset was September 10, 1992 and the latest was March 3, 1993. 

Sixteen (62%) of the patients with HF-YF were identified prospectively. Of these 26 persons, 

22 (85%) resided in the Baringo and Koibatek Districts, resulting in a minimum attack rate 
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of 16.3 per 100.000 in these two districts. The other four (15%) persons with HF-YF resided 

in the Keiyo District, resulting in a minimum attack rate of 6.1 per 100.000. The majority 

(24, 92%) of HF-YF cases were admitted to only two of the five hospitals (12 cases each), 

where intensified surveillance was implemented. 

Clinical findings of hemorrhage were found in every person with HF-YF infection. In 

addition, of 26 persons with HF-YF, 24 (92%) had fever > 38°C, 24 (92%) were jaundiced, 

17 (65%) had clinical findings of encephalitis, and 8 (31%) had renal failure or anuria. 

Serum samples were also obtained from five adolescent girls, residents of the outbreak 

area, who were admitted with febrile illness prior to the establishment of the case definition. 

Three of these five had serologic evidence of recent YF infection but did not have a clinical 

presentation consistent with HF and were not included above. In one of these persons, a 

12-year-old girl with a nonspecific febrile illness, YF virus was isolated from the serum. In 

addition, an eight-year old girl with HF who died did not have serologic evidence of YF 

infection and virus could not be isolated from samples of her serum or liver. This case was 

previously reported but is not included in this analysis.'2 

Home investigation of persons with YF 

Of the 22 homes of persons with HF-YF that were visited, 20 (91%) were located at elevations 

between 1,200 and 1,900 meters.13 Except for one patient, none of these 22 persons traveled 

outside of their home location (approximate radius of home location < 20 km) during the 

two-week period prior to their illness. One person, whose home was 50 km northeast of 

Eminmg (residence is not depicted in figure 1), had no travel history through any of the 

affected areas. This case was not previously reported and his residence is located in a 

division that was not recognized during the outbreak investigation.12 The majority of persons 

with HF-YF had outdoor occupations (or walked significant distances) that brought them 

into regular contact with the dense brush areas. Of 26 persons, 13 (50%) were farmers, 

herdsmen, or hunters, and nine (35%) were students. 

Discussion 
This was the first documented outbreak of YF in Kenya. Pendomestic mosquito species 

were absent, but a number of classic sylvatic species were found throughout the outbreak 

area.13 Yellow fever virus was isolated from two species: Ae. (Stegomyia) africanus and 

Ae. (S.) keniensis. The entomologie evidence, combined with the lack of multiple cases 

within families (except for three brothers who had been clearing bush together), confirms 

that this was a classic sylvatic outbreak in which human infections were acquired by contact 

with the epizootic vectors. 
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In most epidemics of YF, the officially reported number of cases is a small proportion of 

the actual total.22 Reasons for under reporting include the often remote epidemic sites; 

difficulties in clinical recognition of the disease by peripheral health workers, resulting in 

delays or failures to recognize epidemics; lack of information on events outside hospitals; 

lack of diagnostic facilities; and selected collection of data. Our report concurs with these 

observations; 40% of the patients with HF-YF and 60% of the patients with HF were 

identified retrospectively; 92% of the patients with HF-YF were identified through intensified 

surveillance in two of five hospitals. Although the attack rate for the Baringo and Koibatek 

Districts appears to be nearly three times higher than for the Keiyo District, it is likely that 

cases from the latter district were underestimated. Unfortunately, the mission hospital that 

serves the southern part of the Kerio Valley in the Keiyo District was not included in the 

surveillance system. It later appeared that six fatal case-patients with onset in August 1992 

who met the HF case definition were documented by the medical officer in charge at that 

hospital, but were not reported (Mettau J, unpublished data). In addition, medical staff 

who was asked to recall cases of HF may have more readily recognised cases from the 

Tenges Division of the Baringo District because they remembered persons with Tenges 

disease, the name given to the unknown illness affecting the area. 

Although only 26 (47%) of 55 HF cases were confirmed recent YF infections, several 

findings suggest that more HF-YF infections and illnesses occurred. First, the dates of onset 

of illness, age distribution, sex ratio, and home district of persons with HF were very similar 

to persons with HF-YF. It is likely that many of these HF cases were truly due to YF. Second, 

six fatal cases from the Keiyo District who met the HF case definition were not reported. 

Third, persons with mild, nonspecific fevers were confirmed to be infected with YF both by 

virus isolation and serology. These three findings strongly suggest that our reported cases 

underestimate the extent of the morbidity and mortality associated with this YF epidemic. 

Given that 3% of the YF cases present with jaundice, YF illness in this outbreak may have 

attacked at least 800 persons (24 HF-YF cases with jaundice X 100/3).2- Unfortunately, no 

serosurvey data are available to determine the actual rate of YF infection in this population. 

Case fatality from YF infection varies considerably depending on the case definition of YF 

illness.23 During this outbreak, we only included the most severely ill and hospitalized persons 

with YF. The male:female ratio was 2.6:1. One interesting finding was the significant 

difference in the sex-specific case-fatality ratio among persons with HF-YF. Women with 

confirmed YF were nearly 11 times more likely to die than men. There is no reason to 

assume that a sex bias towards obtaining serum samples occurred, or that women were 

more likely to be bled in the final stage of their illness, when a fatal outcome was evident. 

The most likely explanation is that in rural Africa, a woman is known to have many domestic 

responsibilities that may have prevented an earlier presentation to the hospital, especially 
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in the event of a hitherto unknown disease. Underlying chronic liver infection and pregnancy 

have also been suggested as host factors that worsen fatality from YF. The greatest sex 

difference was observed in the 1969 YF epidemic in Nigeria, when the male:female ratio 

was 4:1 for hospitalized patients (morbidity figure). Although the case-fatality rate of 38% 

(116 of 307) was not specified for sex, no sex difference was documented in antibody 

prevalence or in disease incidence in nonhospitalized patients.24 The explanation that males 

in Nigeria make greater use of hospital care also seems likely to hold for the Kenya epidemic. 

Recent documentation of 10 patients with confirmed YF from the same area shows an 

equal sex distribution, suggesting greater awareness of the disease.25 

In virgin soil YF epidemics, such as that in the 1960-1962 epidemic in Ethiopia, the disease 

affected all age groups, with a male:female ratio of 1.6:1.5 The incidence was slightly 

higher in adults than in children. In contrast, 81 % of the patients with HF-YF in Kenya were 

less than 40 years of age, and no cases were recorded in individuals less than 10 years of 

age. Young male adults were at highest risk in this outbreak. Exposure included activities 

that increased the time spent in areas of heavy vegetation, including clearing land for 

cultivation, walking to school, tending animals, and hunting, predominantly male activities. 

Females spent more time close to home, but collecting water and walking to market were 

probably significant risk factors. 

Only one of 22 persons with HF-YF whose travel history was confirmed had traveled 

outside the home location. However, less ill viremic persons may have traveled between 

this region and the cities, as do many of the districts' residents. Since YF vaccination 

certificates are not required for travel within Kenya, unvaccinated persons visiting the 

YF-endemic area and returning to the cities increase the risk for an urban outbreak25 This 

potential risk was underscored by the recognition of YF cases outside of the area affected 

by the 1992-1993 outbreak. Surveillance through 1995 has identified four persons with 

confirmed YF infection who live south of Eldama Ravine along the borders with the Kericho 

and Nakuru Districts, districts that were not targeted by the YF vaccination effort in 1993.27 

8 These findings may be due to the establishment of surveillance and the increased 

awareness of YF but also may support the existence of other sylvatic cycles and recurrent 

wandering epizootics, which are believed to maintain YF transmission.29 

Yellow fever vaccination is the only effective public health intervention for preventing 

epidemics in enzootic/endemic areas. Information on YF in Kenya has remained fragmentary 

five years following the emergence of the first recorded YF epidemic. Are there other areas 

in Kenya experiencing YF transmission, what is the public health threat of an epidemic in 

areas relatively near the endemic area? The key element to address these questions is the 

implementation of a country-wide, laboratory-based, active surveillance program.50 Further 

studies to identify other areas with recent or ongoing YF transmission in Kenya are necessary. 
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Based on the possible southward expansion of the endemic area in Kenya and the increasing 

chances of an urban epidemic, we recommend an ongoing selective YF vaccination program 

for children six months of age and older in the YF-endemic districts and the districts 

immediately adjacent to the endemic area (Uasin Gishu, Kericho, Nandi, and Nakuru). 

Inhabitants of and travelers to the enzootic/endemic area of Keiyo, Baringo, and Koibatek 

should be covered by YF vaccination. In addition, we recommend expanding the existing 

surveillance for YF/HF to adjacent areas. Consideration should be given to include patients 

with nonspecific febrile illness. 
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Sentinel surveillance for yellow fever in Kenya, 1993-1995 

Introduction 
Yellow fever (YF) is an acute mosquito-transmitted viral infection, endemic and occasionally 

epidemic in many countries of Africa and South America. Periodic outbreaks of yellow 

fever in East Africa have been reported since 1940 (figure 1).1 2 The largest outbreak, an 

estimated 300,000 cases, occurred from 1960 to 1962 in Ethiopia.3 In 1966, YF reappeared 

in Arba-Minch, Ethiopia, east of Lake Abaya, in an area not affected by the outbreak of 

1960 to 1962. During the 1966 outbreak, 2,200 cases (450 deaths) were reported.4 Despite 

the prevalence of anti-YF antibody in northern Kenya (up to 14%),5 6 no outbreaks of YF 

were reported in Kenya until 1992 when epidemic YF emerged in Kenya for the first time, 

with at least 54 cases and 29 deaths.7 Cases of hemorrhagic fever were first reported in 

September 1992, from the southern parts of Keiyo (Kerio Valley), Baringo, and the Koibatek 

Districts (former Elgeyo-Marakwet and Baringo districts) in the Rift Valley Province, northwest 
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Figure 1: Documented yellow fever epidemics in East Africa. 
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Kenya (figure 2). Epidemiologic investigations of this outbreak have been described 

elsewhere (Chapter 3). The outbreak ended when the entire population of these districts 

was vaccinated. A surveillance system involving 13 sentinel sites was established 6 months 

after the epidemic was over. Six health facilities were located within the outbreak area of 

Keiyo, Koibatek, and Baringo Districts. Seven facilities were situated in the surrounding 

areas of Nakuru, Nyandarua, Kericho, and the Uasin Gishu Districts. In 1994, the number 

of sentinel sites was increased to 18. Sentinel facilities were provided with case investigation 

forms and equipment for blood collection and storage. Surveillance activities were ongoing, 

and supervisory visits were conducted once every 6 weeks. 

0°30' 

0°15' 

0°00 

35o30' 35°45' 36°00 

* Songhor, Nandi Disrict, approximately 60 km west of Eldama RRavine 

Figure 2. Yellow fever surveillance in the Rift Valley, Kenya. 
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Methods 
In Kenya, there are three levels of health care delivery: hospitals, health centers, and 

dispensaries. In addition, missionary hospitals provide independent health services. Surveillance 

training candidates were selected from district hospitals, health centers, and mission hospitals. 

Training focused on case recognition, record keeping, use of a YF case investigation form, 

handling of serum samples, and obtaining exposure information. A field guide for YF 

surveillance was developed in collaboration with the World Health Organization (WHO) and 

the Centers for Disease Control and Prevention (CDC). A1-day training workshop was followed 

by a visit to the collaborating surveillance centers. Medical staff at the health facility who 

could not attend the workshop received on-the-job training. A surveillance team consisted 

of a medical officer (or scientist from the Virus Research Centre), a laboratory technologist, 

the provincial public health officer from Rift Valley Province, and a driver. In October 1994, 

a second 1-day training workshop was offered for five additional sentinel health facilities. 

For surveillance purposes, a patient was considered to have a case of YF if two of the 

following symptom complexes were present: jaundice; hemorrhage; signs of encephalitis 

or renal involvement; a temperature >38 °C. 

Serum was separated from brood samples on the day of collection and stored frozen, 

until the serum specimens could be transported by the surveillance team. Vaccine carriers 

with ice packs were used to transport samples (along the surveillance route) to the Kenya 

Medical Research Institute (KEMRI). In 1994, a liquid nitrogen container was added for 

transporting samples. Samples were tested for YF antibodies by the IgM-capture 

enzyme-linked immunosorbent assay (MAC-ELISA)8 at the Virus Research Centre. Selected 

acute-phase surveillance samples were also subjected to virus isolation attempts, in which 

newborn mice and tissue cultures were used. All serologic results were confirmed by either 

CDC's laboratory in Fort Collins, Colorado, or the Institute Pasteur, Paris. Persons whose 

illness met the surveillance case definition were considered positive for recent YF infection 

if YF-specific IgM antibody was present in acute-phase serum samples by MAC-ELISA. 

Samples that were borderline positive by IgM MAC-ELISA were tested for neutralizing 

antibody by the plaque reduction neutralization test with YF virus. Results of this sentinel 

surveillance from October 7,1993, to December 31,1995, are reported here. 

Results 
One hundred-fifty persons, of whom 131 (87%) had jaundice, met the surveillance case 

definition. These were identified by 17 health facilities, during a 27-month period (average, 5.5 

per month; range, 0-12); 85 (57%) were male. Of the 138 persons whose age was known, 117 

(85%) were under 40 years of age (average age, 21.4 years; range, 1 to 70 years). 
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Ten serologically confirmed cases were identified by four health facilities. All attempts to 

isolate the virus were unsuccessful. The onset of the first confirmed case was March 1, 

1994. The onset of the latest case was May 15,1995. Seven confirmed cases were from an 

area not known to be affected during the 1992 to 1993 epidemic. The homes of six 

patients border the districts where no YF vaccinations are given (figure 2). One patient 

(1994, Songhor, Nandi District - location of residence not depicted in figure 2) lived far 

outside this area and had no history of travel to the known YF-endemic area. Five patients 

with confirmed cases were male: eight (80%) were under 40 years of age (average age, 

26.5 years; range, 8 to 48 years). All patients with confirmed cases had jaundice, and five 

(50%) hemorrhaged from the nose or gums. Three patients died (two were female). One 

was not vaccinated for YF, and the vaccine status of two was unknown. The case-fatality 

rate for patients with confirmed YF was 30%. All surviving patients had been vaccinated 

(table). 

Table. Characteristics of patients with confirmed YF cases, October 7, 1993, to December 31,1995 

Characteristics Number Percentage (%) 

Sex, male 5 50 
female 5 50 

Age, < 40 years 8 80 
Jaundice 10 100 
Hemorrhage 5 50 
Deaths 3 30 
History of YF vaccination 7* 70 

*Only non-fatal cases. 

Discussion 
Timely reporting of disease emergencies is not feasible through the existing health 

information system in Kenya. When YF emerged there in September 1992, disease 

investigation was delayed, and the diagnosis was not confirmed until January 1993. In the 

case of a limited health information system, sentinel surveillance for YF, with active follow-up 

by collaborating centers, seems appropriate for monitoring disease after an epidemic. 

Most patients surveyed had fever and jaundice. All patients with confirmed YF cases had 

jaundice, and 50% hemorrhaged from the nose and gums. Mild, nonspecific, and nonfatal 

clinical forms of yellow fever may have gone unnoticed as they did during the 1992 to 

1993 epidemic when YF virus was isolated from a 12-year-old girl, who had fever, headache 
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and joint pains but no jaundice or signs of hemorrhagic illness. (Chapter 3). 

The continued low-level of transmission of YF virus would likely have gone unnoticed if 

the enhanced surveillance and diagnostic capacity instituted by the government of Kenya 

after the 1992-93 epidemic was not in place. When cases of YF were confirmed from an 

area not known to have been affected during the outbreak, the Kenya Ministry of Health 

quickly recognized the problem and resumed vaccinations.910 

Operational costs of the field visits to 18 sentinel sites are relatively high. Since nine 

(90%) of the confirmed cases of YF were recognized by three hospitals, which had cared 

for YF patients during the previous epidemic, limiting the number of sentinel sites may be 

considered. Distributing materials to obtain blood from persons with suspected cases does 

not seem feasible countrywide. 

The WHO initiative to create a global surveillance program for recognition of and response 

to emerging diseases emphasizes that a critical element of surveillance includes a network 

of reference centers that assist national services in disease diagnosis and investigation." In 

Kenya, the first steps have been taken to establish such a reference center at KEMRI in 

Nairobi. In 1994, two technologists were trained for an extensive period at CDC's laboratory 

in Fort Collins, Colorado, in the diagnosis of YF and other arboviral diseases. An epidemiologic 

support unit was established at the KEMRI laboratory to provide the link between possible 

disease occurrences in the field and the diagnostic facilities at the distant laboratory. 

Will this effort ensure that future epidemics will be recognized? It is often argued that 

the critical element of surveillance is disease recognition by front-line health-care providers, 

subsequent investigation, sample collection, and the forwarding of samples to available 

diagnostic facilities. In Kenya there is no focus on what diseases should be reported 

immediately (monthly disease reporting at district level requires health care workers to 

compile information on 37 diseases). Communication between the field and laboratory is 

often difficult. Once a specimen is forwarded, results often do not reach the clinician who 

submitted the sample in a timely fashion. Separate disease monitoring systems have been 

initiated by different health programs, but they rely on the same district officers to fill out 

the forms. Admittedly, sentinel surveillance for YF has not been integrated into one of the 

existing disease control programs, and its sustainability as anything more than a research 

program is questionable. 

Hemorrhagic fever surveillance can be improved by 1 ) arranging sentinel sites according 

to the presumed southward extension of the YF-endemic area, 2) managing supervision of 

the sentinel sites at provincial level, 3) integrating disease reporting for YF in the surveillance 

system for EPI target diseases, 4) clearly defining which diseases need to be actively 

monitored by health care providers, 5) instituting improved diagnostic capabilities, and 6) 

forming a disease outbreak team. 
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Transmission of YF poses a potential threat for the largely unvaccinated population of 

Kenya and other East African countries, especially since the YF-endemic area appears to be 

expanding.12 YF vaccination appears to be the only practical public health intervention. 

Vaccination of children 6 months of age and older in the YF-endemic districts (Keiyo, Marakwet, 

Baringo, and Koibatek) should be continued. Districts adjacent to the disease-endemic area 

(Uasin Gishu, Kericho, Nandi, and Nakuru) should be included in the vaccination program. 
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Abstract 
O'nyong-nyong (ONN) fever, a mosquito borne alphaviral infection in central Africa, 

is an acute, non-fatal illness characterized by polyarthralgia. During 1996-1997, 

Uganda experienced only the second ONN fever epidemic ever recognized. In 1994 

and 1995, 228 and 170 patients, respectively, were enrolled in a fever of unknown 

origin (FUO) study in west Kenya. Patients in the two subsamples were similar in 

terms of age and sex distribution. Evidence of confirmed and probable (i.e. acute) 

ONN, Chikungunya (CHIK) and unspecified alphaviral infections were defined by 

homotypic or heterotypic hemagglutination inhibition titers > 1:320. Seventy four 

(19%) of 398 patients (1994 and 1995) had an acute ONN viral infection, 4(1%) an 

acute CHIK viral infection and 43 (11%) an acute unspecified alphaviral infection. 

The majority of ONN infections (89% and 93%, in 1994 and 1995, respectively) 

came from different villages. Joint pain was only recorded systematically in 1995: 

36 (75%) of 46 patients with an acute alphaviral infections (ONN, CHIK, and 

unspecified alphaviral infection) had joint pain, opposed to 59 (50%) of 119 patients 

with other illnesses (OR:2.59; 95 percent CI : 1.21-5.53). The sporadic occurrence of 

acute ONN viral infections in western Kenya in 1994 and 1995 foreshadowing the 

1996-1997 epidemic was unrecognized by clinicians and public health officials. 
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Introduction 
After 35 years of silence, o'nyong-nyong (ONN) fever, an acute, self-limiting febrile disease 

characterised by acute disabling polyarthropathy often accompanied by skin rash and 

lymphadenopathy,1 reemerged in 1996 in Rakai District, south-western Uganda.2 During 

1959-62, the mosquito-borne alphavirus caused a pan-sub-Saharan epidemic that began in 

northern Uganda, involving an estimated 2 million persons in Kenya, Tanzania and Uganda 

alone (figure 1).3 Although the virus was easily isolated from patients and from anopheline 

vectors during the outbreak, the disease apparently disappeared and attempts to identify 

the viral reservoir were unsuccessful. In 1978, a strain of ONN virus was isolated from 

Anopheles funestus collected near Kisumu, western Kenya, and results of seroprevalence 

studies suggested that sporadic human infections continued to occur within the region, 

although no cases of ONN fever were documented after 1962 (figure 1).4 5 Thus, the 

reappearance of the disease in East Africa in 1996 was unexpected and the source from 

which the virus arose is obscure. We report here results of a serological study of ONN viral 

infections in febrile hospitalized patients and show that ONN infections were occurring in 

western Kenya in 1994-95, two years before its transmission in south-west Uganda in 

epidemic proportions was recognized. 

Methods 
Selection of the study site 

In Kenya, sentinel surveillance for yellow fever (YF) was established in 1993, following 

the first recorded epidemic of YF (1992-93) in the Keno Valley.6 Health facilities were 

selected from within the outbreak area and from the surrounding districts in the Rift Valley 

Province. During 1994 and 1995, ten confirmed YF cases were documented and a southward 

expansion of the endemic area was noted.7 As an extension of the existing sentinel 

surveillance for YF in the Rift Valley Province, we conducted a fever of unknown origin 

(FUO) study at a mission hospital, in Mumias, west Kenya, in 1994 and 1995. The 260 bed 

hospital is located south of Mount Elgon, and west of Kagamega town, approximately 25 

km from the Ugandan border (figure 1). The hospital participated in a viral hemorrhagic 

fever (VHF) surveillance project during the 1980s, following two occurrences of Marburg 

virus disease (1980, and 1987) which were believed to be related to exposure in Kitum 

cave at Mount Elgon.8 9 In the present study, no evidence of recent transmission of YF 

virus, or other VHF viruses was found. Therefore, this manuscript will not report on YF or 

VHF surveillance activities. 
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30° 35° 

( ): Spread of first ONN fever epidemic ( < ): Spread of second ONN fever epidemic 
A - Uganda, 1959 B - Mumias, Kenya 1960; 1994; 1995 C Kisumu, Kenya, 1960; 1973; 1978 
D - South-western Uganda 1961; 1996-97 

Figure 1: Presumed origin and spread of first (1959, "A") and second (1996, "D") ONN fever epidemic, 
Uganda, and sites with documented ONN fever transmission in Uganda and Kenya. 

Patient selection 
The investigation was conducted in accordance with human research subjects guidelines 

of the Kenya Medical Research Institute. Patients were admitted to the study through the 

outpatient department (during week days) and the emergency room (during weekends) 

by hospital clinical and medical officers. Following the admission of a patient 5 years and 

older with a fever >38 °C, irrespective of the presumed cause, the investigators were 

contacted. With permission, axillary temperature, personal information and a single 

bloodsample (10 ml) were obtained from patients meeting these criteria during July to 

October 1994. Investigations to detect malaria parasites and sepsis were conducted at the 
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hospital and presented elsewhere.10 For virological studies, serum was separated from 

blood and stored frozen at -20 °C. Patients were offered reimbursement for bus fare upon 

submission of a convalescent sample ten or more days after the onset of illness. In the next 

year, a similar study was conducted at the same hospital from August to November 1995. 

The 1994 sub-sample was analysed for the presence of mixed infections, i.e. acute 

alphaviral infections (see below) and bacterial isolates.10 In 1995, results from bloodstream 

infections were not available for analysis. In 1995, joint pain was recorded systematically: 

within the 1995 sub-sample, patients with acute alphaviral (see below) infections were 

compared to patients, who had other febrile illnesses. 

Laboratory methods 
Viral isolations were attempted in a few selected specimens at the Viral Research Centre, 

Kenya Medical Research Institute, Nairobi, and at the National Institute for Virology (NIV), 

South Africa, but were not successful. Serological investigations were conducted at NIV. 

Sera were tested in hemagglutination inhibition (HI) tests beginning at a 1:20 dilution, 

according to standard procedures. In 1994, sera were tested against the following viral 

antigens: (flaviviruses) Bagaza, Banzi, Dakar Bat, dengue, Ntaya, Spondweni, Uganda S, 

Usutu, Wesselsbron, West Nile, yellow fever, and Zika; (bunyaviruses), Germiston and Rift 

Valley Fever; (alphaviruses), Chikungunya (CHIK), Middelburg, ONN, and Sindbis. 

In 1994, results of serological investigations suggested substantial ONN and / or CHIK viral 

activity in west Kenya, with - except for some flavivirus cross reactivity in few patients - no 

significant findings for other antigens tested for. Therefore, in 1995, viral antigens were 

limited to four flaviviruses (dengue, Wesselsbron, West Nile, and yellow fever), and three 

alphaviruses (ONN, CHIK and Sindbis). This paper reports results of serological tests against 

alphaviral antigens only. 

Laboratory case definitions 
Laboratory-diagnosed ONN viral infections were defined by HI antibody titer criteria 

previously applied to the interpretation of flaviviral HI antibody responses: > fourfold rise 

(paired sera) to ONN antigen only (homotypic, recent); > 320 (in a single sample) to ONN 

only (homotypic, presumed-recent); > fourfold rise to ONN with ONN titer >fourfold higher 

than CHIK, (i.e. ONN result of convalescent sample > fourfold higher than CHIK result of 

convalescent sample (heterotypic, recent); or > 320 ONN titer > fourfold higher than CHIK 

titer, in a single sample (heterotypic, presumed-recent); ONN titer > 20 and <320 with no 

CHIK antibody, or ONN titer <fourfold higher than CHIK titer (previous infection)." 

Laboratory-diagnosis of CHIK, Sindbis, and Middelburg viral infections were defined using 

parallel criteria. 
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Unspecified alphaviral infections were defined as recent or presumed-recent if ONN and 

CHIK antibody titers were within a twofold dilution in a serum pair exhibiting a fourfold or 

greater rise or in a single serum sample with a >320 titer, respectively and previous if the 

antibody titers were >20 and < 320 titer. Acute ONN, CHIK and unspecified alphaviral 

infections were the total of all recent and presumed-recent infections, whether homotypic 

or heterotypic. 

Results 
In 1994, 228 patients who had onset of illness from July 19 to October 14 were enrolled 

in the study. Their median age was 28 years (range: 5-80) and 45% were males (table 1 ). 

In 1995, 170 patients who had onset of illness from July 28 to November 14 were 

enrolled. Their median age was 27 years (range; 5-85) and 52% were males. Convalescent 

sera were obtained from 19 (8%) of 228 and 88 (52%) of 170 patients, in 1994 and 1995, 

respectively. 

Table 1: Comparison of hospital based study participants (n=398) sampled in 1994 and 1995, in terms 
of age, sex, and laboratory evidence of infection with o'nyong-nyong virus (ONN), Chikungunya virus 
(CHIK), and unspecified alphaviral infections, Fever of Unknown Origin study, 1994-95, west Kenya. 

228 170 398 
28 27 

5-80 5-85 

103 (45) 88(52) 0.23 

46 (20) 28(16) 0.42 74(19) 

3(1) 2(1) 0.64 5(1) 

24(11) 19(11) 0.89 43(11) 

73 (32) 49 (29) 0.57 122(31) 

Characteristic 1994 1995 P* Total 

Sample size 
Age, median (yr.) 
Age, range (yr.) 
Number of males (%) 
Number with acute ONN infections (%) 
Number with acute CHIK infections (%) 
Number with acute unspecified alphaviral infections (%) 
Total number alphaviral infections (%) 

* The %2 test with Yates correction or the two-tailed Fisher's exact test. Acute infections were defined 
as the total of homotypic or heterotypic recent or presumed-recent infections. Acute unspecified 
alphavrial infections included recent or presumed-recent unspecified alphavrial infections (see text). 

In total, we diagnosed 74 acute ONN viral infections, 46 (20% of study patients) in 1994 

and 28 (16%) in 1995; 5 CHIK viral infections, 3 (1%) in 1994, and 2 (1%) in 1995; and 43 

acute unspecified alphaviral infections, 24 (11%) in 1994, and 19(11%) in 1995 (table 1). 

Serological results are presented in table 2. Recent ONN infection was identified in 1 case 

with homotypic ONN antibody and in 10 patients with heterotypic ONN antibodies. 

Presumptive-recent ONN infections were identified in 15 patients with homotypic ONN 

antibodies and in 48 patients with heterotypic reactions. Acute CHIK infections were 
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identified in 3 patients in 1994 and 2 in 1995. Acute unspecified alphaviral infections were 

identified in 24 patients in 1994 and 19 in 1995. 

In 1994, one patient showed a low homotypic titer to Sindbis virus (HI titer=20), and 4 

patients had low heterotypic titers (HI titer=20) to Middelburg virus, but higher HI titers to 

ONN and or CHIK viruses; 2 were presumed recent, and 2 previous unspecified alphavirus 

infections. In 1995, one patient had a low homotypic titer to Sindbis virus (HI titer=20, in 

Table 2: Acute and previous o'nyong nyong virus (ONN), Chikungunya virus (CHIK), and unspecified 
alphaviral infections, by hemagglutination inhibition test reaction pattern, 1994 and 1995, west Kenya.' 

Homotypic ONN/CHIK 1994 1995 
Recent 1 
Presumed-recent 14 1/1 
Previous 19/1 4 

Heterotypic ONN/CHIK 
Recent 0/1 
Presumed-recent 32/3 16 
Previous 9 

Unspecified alphavirus infection 
Recent 1 3 
Presumed-recent 23 16 
Previous 16 18 

' See text for full definitions. 

paired sera), and one patient, with a heterotypic titer to Middelburg, ONN, and CHIK (HI 

titer=80 to all antigens) was an unspecified previous alphavirus infection. 

The 74 (19%) of 398 patients with acute ONN infection ranged in age from 8 to 35 years 

with a median age of 30 years. Of the 11 patients whose acute ONN infection was confirmed 

by the presence of homotypic, recent (n=1), and heterotypic, recent (n=10) ONN antibodies, 

five were under 20 years of age: 3 were males (8, 8, and 12 years) and 2 were females (13, 

and 18 years). For acute CHIK and unspecified alphaviral infections, median ages were 28 

years (range: 25-30) and 31 years (range: 7-60), respectively. Patients with acute ONN 

infection had no significant differences in age-specific infection rates in univariate and 

multivariate analysis (data not shown; figure 2). The majority of patients with ONN infection, 

89% and 93% in 1994 and 1995, respectively, came from different villages. In the two 

years, only 7% of the patients with ONN infection came from the same village and fell ill 

within the same four-week period. 

In 1995, information on joint pain was missing in 3 (2%) of 170 patients: 36 (75%) of 48 

patients with acute alphaviral infections had joint pain, opposed to 59 (50%) of 119 patients 
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with other febrile illnesses (OR: 2.91; 95 percent CI: 1.41-6.02). Characteristics of the two 

sub-samples, in terms of age, and joint pain are presented in table 3. Median age, and 

male-to-female ratio of patients with acute alphaviral infections and other febrile illnesses 

was 25.5 and 33.5 years (p<0.03), and 0.8 and 1.2 (p=0.33), respectively. In multivariate 

analysis, corrected for age and sex, joint pain remained significantly associated with alphaviral 

infections (OR:2.59; 95 percent CI: 1.21-5.53). The sensitivity, and specificity for joint pain 

Table 3: Comparison of hospital based study participants (n=165) with alpha viral infections, or 
other febrile illnesses, with respect to joint pain and age, 1995 sub-sample, west Kenya. 

Age Alpha v ral infections Other Febrile illnesses PPV (%)' P* Total 

No. with joint No. without No. with joint No. without 

PPV (%)' P* 

pain (%) joint pain pain (%) joint pain 

5-9 0 2 4 (44) 5 _ 0.49 11 
10-19 5 (100) 0 11 (39) 17 31 0.02 33 
20-29 9 (69) 4 19 (53) 17 32 0.48 49 
30-39 10 (83) 2 7 (47) 8 59 0.1 27 

40+ 11 (73) 4 18 (60) 12 38 0.02 45 

Total 35« (74) 12 59 (50) 59* 37 0.007 165 

1 Positive Predictive Value 
* The %2 test with Yates correction or the two-tailed Fisher's exact test 
+ One patient with unspecified age not included 

were 74% (35/[ 12+35]) and 50% (59/[59+59], respectively. The positive predictive value 

averaged 37% (range: 31-59%, table 3). 

In 1994, 15 (30%) of 50 patients from whom a bacterial isolate was obtained also 

showed evidence of acute ONN (n=11 ), acute CHIK (n=1 ), or unspecified alphaviral infections 

(n=3).10 These 15 patients had a median age of 25 years (range: 18-45) and 8 were males. 

Discussion 
Our serological investigation of arboviral infection in a series of febrile patients hospitalized 

in western Kenya showed evidence of recent alphaviral infection in 32% and 29% of 

patients in 1994 and 1995, respectively. ONN virus accounted for the majority of these 

infections, 46 (20%) of 228 and 28 (16%) of 170 patients, indicating active transmission 

of the virus in the region during the study periods in 1994 and 1995. 

ONN fever is typified by immobilizing joint pain, often accompanied by rash and 

lymhadenopathy, with enlarged lymh nodes, often grossly visible in the posterior cervical 
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region. During the epidemic of 1959-1962, labor-intensive manufacturing and agricultural 

industries were significantly affected in some areas, with 25% or more of the labor force 

missing at least 5 days of work, often with 10% absenteeism rates.13 Investigations of the 

recent ONN fever epidemic in south-central Uganda showed infection and attack rates of 

68% and 41 %, respectively, in villages were the disease was first noted, and an apparent-to-

inapparent infection ratio of nearly 2 in affected areas.14 Given the high infection and attack 

rates in the two documented ONN epidemics, the relatively high apparent-to-inapparent 

infection ratio, and immobilizing character of ONN fever, it is unclear why no epidemic of 

polyarthralgia was noted in 1994-1995 in Kenya. 

The etiology of fever in hospitalized patients in sub-Saharan Africa is often obscure with 

malaria considered the default diagnosis. In 1994, Dougleefa/. showed that 138 (60%) of 

229 participants in our study (one had no serum for serological analysis) had a primary 

clinical diagnosis of malaria, although only a minority (14% of 138) were confirmed by the 

demonstration of malaria parasites in bloodsmears.10 Thadée Odio et al. found a similar 

percentage of smear-positive adult in-patients with fever in the Kishasa Teaching Hospital, 

Zaire.15 In addition, a study of febrile adults hospitalized in Dar es Salaam, Tanzania, malaria 

also did not appear to be the primary cause of febrile illnesses in view of the similar incidences 

of malaria parasitemia among study and control (afebrile) patients (9.5% vs. 8%, 

respectively).16 In Africa, acute musculoskeletal pain and arthropathy are common, often 

nonspecific, symptoms occurring in conjunction with numerous infectious and other illnesses 

and, unless patients presenting with these complaints are temporally and geographically 

clustered in unusually large numbers, clinical suspicion of a common etiology may easily 

be missed. 

Clustering of ONN viral infections was not evident, since only three (7%) of 46, and 2 

(7%) of 28 patients with an acute ONN infection in 1994 and 1995, respectively, had onset 

of illness within a four week period and came from the same village. Seroprevalence surveys 

by Marshall et al. revealed a high level of ONN viral infections that were not clinically 

recognized.17 In this study, between 1973-74, age-specific seroprevalence of ONN viral 

infection in Kisumu (figure 1 ) was 48% (37/77) in persons under 10 years of age, and 73% 

(190/260) in persons above 9 years of age (p<0,005), possibly showing the cohort effect 

of the 1959-62 epidemic. If ONN was highly endemic in west Kenya, then an increasing 

prevalence of infection rate with increasing age would have been observed in our study 

participants. Although in 1995, seroprevalence was lower in the 5-29 year age group and 

higher in persons >30 years, possibly reflecting the continued influence of the 1959-62 

epidemic, in 1994, seroprevalence was higher in the 5-29 year age group and was relatively 

uniform in persons >20 years (figure 2). However in both years, no significant increase of 

ONN seroprevalence by age was demonstrated, suggesting a low level of ongoing endemic 
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Figure 2: Acute (homotypic or heterotypic, recent or presumed recent) ONN infections, west Kenya, 
1994 and 1995. 

transmission in the area. It should be realised however, that, because our study involves 

hospitalized patients only, inferences to the total population can be misleading. In view of 

the broad spectrum of illnesses, including malaria, that can present w i th acute 

musculoskeletal pain and arthropathy, and the absence of village clustering, it is 

understandable that cases did not come to the attention of public health officials. 

This study has several limitations. First, investigations were undertaken as part of a 

bloodstream infection study carried out at the hospital in 1994.10 Clinical suspicion of ONN 

fever was low and joint pain was not specifically recorded in the medical history until 

1995. Furthermore, only hospitalized patients were studied, further biasing patient selection 

towards those presenting with more severe systemic illnesses. In the 1996 ONN outbreak 

in Uganda, it appeared that patients presented to the hospital only in the early phase of 

the epidemic but even these patients were not admitted. In 1994, almost one of four ( 1 1 / 

46) patients with an apparent ONN infection had a bacterial isolate cultured, suggesting 

that the latter was the primary reason for presentation to the hospital, and that ONN 

infection had occurred concurrently and possibly, independently, of the primary illness.10 

Secondly, the study design did not permit the isolation of viral strains that would have 

provided definitive evidence of ONN infection and the reliance on serological diagnosis was 

complicated by cross reactions with CHIK virus and the absence of convalescent serum 

specimens in the majority of 1994 cases. However, the demonstration of homotypic ONN 

viral antibodies and high levels of heterotypic ONN HI antibodies strongly indicated recent 

infection with that virus. 

Almost a third of the patient population in our study had evidence of recent alphaviral 

infection (32% and 29%, in 1994 and 1995, respectively). Considering the debilitating 

illness produced by both ONN and CHIK viruses, alphaviral infections may be associated 
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with a greater burden of disease in East Africa than has been appreciated previously. The 

frequency of sporadic infections over two consecutive years suggests that enzootic 

transmission of ONN virus may not be as far removed from human activities as has been 

previously assumed. 
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Abstract 
O'nyong-nyong (ONN) fever, caused by infection with a mosquito-borne central 

African alphavirus, is an acute, nonfatal illness characterized by polyarthralgia. During 

1996-1997, south-central Uganda experienced the second ONN fever epidemic ever 

recognized. During January and early February 1997, active case finding and a 

household cluster serosurvey were conducted in two affected and two comparison 

areas. A confirmed case was defined as an acute illness with fever and polyarthralgia 

occurring within the previous 9 months, plus serologic confirmation or isolation of 

ONN virus from blood. In affected (n = 129) and comparison (n = 115) areas, the 

estimated infection rates were 45% and 3%, respectively, and the estimated attack 

rates were 29% and 0%, respectively, for an apparent-to-inapparent infection ratio 

of nearly 2 in affected areas. In villages sampled near Lake Kijanebalola, Rakai 

District, the estimated infection and attack rates were 68% and 41 %, respectively, 

and 55% of sampled households had experienced >1 ONN fever case. In conclusion, 

this epidemic was focused near lakes and swamps, where it was associated with 

high infection and attack rates. 

Keywords: O'nyong-nyong virus; alphavirus; arbovirus; epidemiology; Uganda; seroprevalence 
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Introduction 
O'nyong-nyong (ONN) virus is a mosquito-borne alphavirus that, during 1959-1962, caused 

a major central African epidemic that began in northern Uganda and involved an estimated 

2 million patients in Kenya, Tanzania, and Uganda alone.' This self-limiting and previously 

unknown disease was characterized by debilitating polyarthralgia, often accompanied by 

skin rash and lymphadenitis.2 During 1959-1962, 46 strains of ONN vims were isolated 

from acutely ill patients in 15 locations in Uganda, Kenya, and Tanzania.1 Although no 

fatal cases of ONN fever were documented, the epidemic was associated with substantial 

morbidity. Labor-intensive production and agricultural industries were significantly affected 

in some areas, with 25% or more of the labor force - often 10% at one time - missing at 

least 5 days of work.3 Two of the region's major malaria vectors, Anopheles gambiae and 

An. funestus, were implicated as the primary epidemic vectors of this virus.4 5 Although 

the epidemic waned in Uganda during 1961, ONN fever cases were documented in an 

area extending from Mozambique to Senegal during 1960-1962.6 In 1978, a strain of 

ONN virus was isolated from An. funestus collected in western Kenya.7 Although no cases 

of ONN fever were documented after 1962, results of seroprevalence studies suggested that 

sporadic human infections with ONN virus continued to occur within the region.8 9 10 " The 

enzootic vectors and natural reservoir hosts of ONN virus remain unknown. 

In mid-1996, following an apparent absence of approximately 35 years, the first recognized 

re-emergence of ONN fever occurred in south-central Uganda.12 The earliest cases were 

noted in the mostly rural Rakai District. Within a few weeks, the epidemic had extended to 

portions of the adjacent Masaka and Mbarara districts. Vertebrate studies conducted during 

the epidemic failed to incriminate rodents or mongooses as amplifying hosts of the virus.13 

Although a strain of ONN virus was isolated from Mansonia uniformis mosquitoes, An. 

funestus was implicated as the primary epidemic vector.14 Results of molecular virologie 

studies suggested that a single genotype of ONN virus circulated during this epidemic, and 

indicated that this genotype shared a high degree of genetic and protein sequence homology 

with an ONN virus strain isolated in northern Uganda in 1959 during the previous epidemic.15 

This paper provides a general description of the 1996-1997 epidemic and results of a 

serologic and virologie survey of humans conducted during January and early February 

1997 in the affected region. A more detailed description of clinical features and an analysis 

of the utility of a purely clinical case definition for surveillance purposes will be published 

separately (Chapter 6). 

Methods 
Description of the epidemic area. The Rakai District, with a 1997 population of-444,500, 

is irregularly shaped with a surface area of -4,100 square km, and lies just below the 
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equator. Lake Victoria and Tanzania form its eastern and southern borders, respectively 

(figure 1 ). Its topography consists mostly of heavily vegetated rolling hills. Numerous small-

to medium-sized lakes occur in the district's interior, often fringed by papyrus swamps. The 

largest interior lake is the centrally located Lake Kijanebalola. The district's equatorial climate 

is moderated by the elevation of the land, typically 1,200-1,500 m above sea level. Rainy 

seasons occur in March-April and October-November. Few improved roads exist in the 

district. In the countryside, inhabitants typically live in houses constructed of mud and 

sticks or of crude bricks, with roofs made of thatch or corrugated metal, usually with open 

eaves. Most inhabitants engage in subsistence farming (e.g., bananas, coffee, cassava, 

mango, jack fruit, pineapple, sorghum, tobacco, sweet potatoes) or fishing or both. Small, 

government-run hospitals operate in a few of the largest towns, while outpatient clinics 

and dispensaries are maintained in many of the smaller towns and villages. Practitioners of 

folk medicine are common throughout the area. 

Active case finding 

For purposes of this study, a presumptive clinical case of ONN fever was defined as an 

acute febrile illness with polyarthralgia occurring within the previous 9 months (May 1996 

to February 1997). 

Two teams of researchers surveyed the Rakai District and adjacent portions of the Masaka 

and Mbarara districts region during January 23-25, 1997. In selected towns or villages, 

village leaders, health-care workers, folk medicine practitioners, druggists, and other 

inhabitants were questioned about the occurrence in their area of a disease matching the 

description of ONN fever. The term "o'nyong-nyong" derives from a northern Ugandan 

dialect'6 and is generally meaningless in southern Uganda, where more common local 

terms for ONN fever included "kyikonyogo" (roughly translated as "beaten on the joints 

with a stick") and "kyikutiiya". Informational leads were pursued and persons meeting the 

clinical case definition were located, interviewed, and sometimes bled. In this manner, 

major North-South and East-West transects of the Rakai District and adjacent portions of 

the adjacent Masaka and Mbarara districts were crudely sampled. 

Selection of study sites 

Four sites were selected for more intensive study: two sites at which cases (either current, 

recent, or both) meeting the clinical case definition of ONN fever were relatively abundant 

("affected sites"), and two comparison sites at which few, if any, such cases were reported. 

One affected site (Site #1 ) included two villages located on the shores of Lake Kijanebalola, 

central Rakai District: on the southern lakeshore, Kasiika village, Byakabanda Subcounty, 

Kooki County, and approximately 10 km away on the northern lakeshore, Bbaale village 

(also selected for entomologie14 and vertebrate13 studies), Kagamba Subcounty, Kooki 
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County. The northernmost affected site chosen (Site #2) consisted of three villages located 

away from major lakes or swamps, but near riverine and marshy habitat: Bwingana village, 

Malongo Subcounty, Bukuto County, Masaka District, and Kigando and Nakaseta villages, 

located approximately 20 km away in Kaliiro Subcounty, Kabula County, northern Rakai 

District. The two comparison sites were Kiyooza village — located approximately 10 km 

southeast of the southern shore of Lake Kijanebalola in Byakabanda Subcounty, Kooki 

County, central Rakai District (Site #3) - and Kitto village in Kalisizo Subcounty and Mabaale 

village in Kyotera Subcounty, Kyotera County, northeastern Rakai District (Site #4), located 

20-30 km northeast of Lake Kijanebalola (figure 1). 

Figure 1. Map of south-central Uganda showing study sites 

O ONN Fever affected study sites: site 1,2 O Comparison study sites: site 3,4 
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Sampling methods 
At each of the four study sites, a cluster survey of households was conducted in villages. 

Based on a modification of World Health Organization-Expanded Programme on 

Immunization vaccine coverage survey method, sample villages were divided into four 

sectors and a sector was randomly selected by flipping a coin twice.17 At the center of the 

selected sector, a cardinal direction was randomly selected by spinning a bottle or writing 

pen. Every second household was selected. If a household refused to participate, the next 

household in the cardinal direction was selected. Households were visited once. Blood 

samples were requested from all household members present, excluding those aged <3 

years. A standardized questionnaire was verbally translated into the local language and 

administered to each participant by a member of the research team. The questionnaire 

included questions on age, the number of household members, and recalled symptoms of 

ONN fever within the previous 9 months. Blood samples were collected from each participant 

by venipuncture and maintained at ambient temperature in the field, except for samples 

from participants suspected to have acute ONN fever at the time of blood collection, which 

were placed on wet ice. Serum was separated within 12 hours of collection, split, and 

subsequently stored and transported in liquid nitrogen to the Uganda Virus Research Institute 

in Entebbe, and the Division of Vector-Borne Infectious Diseases, CDC, in Fort Collins, Colorado. 

Laboratory methods 
These have been described in detail elsewhere (Chapter 6). Briefly, selected serum 

specimens were cultured for viruses by inoculation onto Vero cell monolayers or into suckling 

mice,18 or tested for the presence of ONN viral RNA by the reverse-transcriptase polymerase 

chain reaction (RT-PCR), or both. All virus isolates were identified by both an 

immunofluorescent assay19 and by RT-PCR. 

Following the completion of virus isolation attempts and PCR tests, all serum specimens 

of sufficient quantity were heat-inactivated at 56°C for 30 minutes and then tested by 

enzyme immunoassay (EIA) for antibody (immunoglobulin M [IgM] and IgG separately) to 

ONN virus, as described elsewhere (Chapter 6). Serum specimens giving positive or 

uninterpretable (due to high background reactivity to normal mouse brain antigens) results 

by IgG EIA were then tested by a serum-dilution plaque-reduction neutralization (N) assay 
20 in Vero cells using 90% plaque-reduction as a positive cutoff value. Specimens tested by 

N were screened at a 1:10 dilution against ONN virus (strain MP30, passage level 8), as 

well as against two other alphaviruses known to infect humans in Uganda and to cross-

react serologically with ONN virus, i.e., CHIK (prototype strain S 27, high passage) and 

Sindbis (SIN, prototype strain Ar 339, passage level 14) viruses.21 Using serial 2-fold dilutions, 

endpoint N titers were then determined for specimens that gave positive screening N 

results against one or more of these viruses. 
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Case definitions 
A laboratory-confirmed ONN virus infection was defined by one or more of the following: 

virus isolation, a positive IgM EIA, or a positive convalescent-phase serum N titer (>10) to 

ONN virus that was >4-fold higher than the corresponding N titer to CHIK virus. Similarly, 

a confirmed case of ONN fever was defined by laboratory confirmation and meeting the 

above clinical criteria for presumptive ONN fever (i.e., a history of an acute febrile illness with 

polyarthralgia within the previous 9 months). Individuals who met these laboratory criteria 

but not these clinical criteria were considered to have had inapparent ONN virus infections. 

ONN virus infections in humans commonly result in the development of similar titers of N 

antibodies against both ONN virus and the closely related CHIK virus.22 Therefore, a 

laboratory-presumptive ONN virus infection was defined by a positive convalescent-phase 

serum N titer to ONN virus that differed by <2-fold from the corresponding N titer to CHIK 

virus; a laboratory-presumptive ONN fever case was defined by meeting these serologic 

criteria and the above clinical criteria. 

Statistical methods 

Using Epilnfo software version 6.04b (Epidemiology Program Office, CDC, Atlanta, 

Georgia), the %2 test with Yates's correction or the two-tailed Fisher's exact test was used 

to compare pairs of proportions, the j2 test for trend was used to evaluate series of 

proportions, and the Wilcoxon two-sample test was used to compare the age distributions 

of two populations. In all statistical tests, P < 0.05 was considered to be significant. 

Results 
A total of 244 persons participated in the serosurvey, including 129 from the affected 

study sites (#1-2) and 115 from the comparison sites (#3-4). The survey response rate was 

62% (129/207) of household members in the affected study sites, 45% (115/256) in the 

comparison sites, and 53% (244/463) overall. Very few households refused to participate 

in the survey. Nonrespondents mainly included children who went to school and adult 

males, who had responsibilities away from the household. In addition, an unknown number 

of children aged <3 years were excluded from participation. The subsamples of 129 and 

115 persons, respectively, were similar in terms of age and sex distribution, each with a 

median age of 18.5 to 20 years and a modest predominance of females; however, the two 

subsamples differed significantly in terms of serologic results (table 1). 

Among the 129 persons sampled at study sites #1 and #2, current, recent, or previous 

ONN virus infections were laboratory-confirmed in 36 (28%), and no infections with CHIK 

or SIN viruses were confirmed. Of these 36 laboratory-confirmed ONN virus infections, 2 
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20(3-91) 18.5 (3-80) 0.8 
71 (55) 67 (58) 0.7 
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2/14 0/7 
12' 1 
30 1 
25 0 
22(17) 2(2) O.001 
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Table 1. Demographic characteristics of, and frequency of o'nyong-nyong (ONN), Chikungunya 
(CHIK), and Sindbis (SIN) virus infections in, persons (n = 244) sampled from ONN fever-affected and 
comparison study sites, south-central Uganda, 1996-1997 

Characteristic Affected sites (#1-2) Comparison sites (#3-4) P* 

Sample size 
Median age in years (range) 
No. females (%) 
No. laboratory-confirmed ONN virus infections (%) 
No. virus isolations/no. Attempts 
No. IgM ElA-positive 
No. neutralization test-positive 
No. meeting clinical criteria for recent ONN fever* 
No. laboratory-presumptive ONN virus infections5 (%) 
No. meeting clinical criteria for recent ONN fever' 
No. laboratory-confirmed CHIK virus infections (%) 
No. laboratory-confirmed SIN virus infections 

* By the two-tailed Fisher's exact test except for age distribution, for which the Wilcoxon two-
sample test was used. 

1 Two were positive by both IgM EIA and neutralization. 
'- Fever and joint pain within the previous 9 months 
§ Positive neutralization titers against ONN and CHIK viruses differed by <4-fold. 
1 Based on single convalescent-phase neutralization titer of 320. No compatible illness reported 

within the previous 9 months. 

were confirmed by virus isolation alone (of 14 attempts), 10 by IgM EIA alone, 22 by N 

alone (median titer, 80; range, 20-320), and 2 by a combination of IgM EIA and N (titer, 40 

and 160). Of these 36 patients, 25 met the clinical criteria for recent (within the previous 9 

months) ONN fever cases, for an estimated attack rate of 19% (25/129) and apparent-to-

inapparent infection ratio of 2.3 (25/[36-25]) (table 1). Of the 22 persons with previous 

ONN virus infections confirmed by N alone, 17 were aged <36 years and 13 met the 

clinical criteria for recent ONN fever. 

At study sites #1 and #2, an additional 22 (17%) of 129 persons met the serologic 

criteria for laboratory-presumptive ONN virus infections, and 12 of these 22 met the clinical 

criteria for recent ONN fever (table 1 ). These 22 persons and the 36 persons with laboratory-

confirmed ONN virus infections did not differ significantly in terms of age or sex distribution 

(data not shown) or the proportion who met the clinical criteria for recent ONN fever (12/ 

22 vs. 25/36, p=0.4 by the %2 test). Therefore, the 36 laboratory-confirmed and the 22 

laboratory-presumptive ONN virus infections were combined for further analysis, as were 

the 25 laboratory-confirmed and the 12 laboratory-presumptive ONN fever cases. These 

combined totals gave an estimated infection rate of 45% (58/129), an estimated attack 

rate of 29% (37/129), and an estimated apparent-to-inapparent infection ratio of 1.8(37/ 

[58-37]). The infection rate among females was higher than that among males, but the 
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difference was not significant (35/71 or 49% vs. 23/58 or 40%, respectively, p=0.4by %2). 

Infection rates were inversely related to age, but this trend did not reach statistical 

significance (p=0.2, yl test for trend; figure 2). The attack rate among females was higher 

than that among males, but the difference was not significant (24/71 or 34% vs. 13/58 or 

22%, respectively, p=0.2 by %2). Attack rates were not significantly related to age (p=0.1, 

%2 test for trend; figure 2). 

Among the 58 persons with laboratory-confirmed or -presumptive ONN virus infections 

at study sites #1 and #2, the median age was 15 years (range, 3-91) and 35 (60%) were 

females. Among the 37 laboratory-confirmed or -presumptive ONN fever cases, the median 

• Infection rate (p=0.2, yl test for trend) 

• Attack rate (p=0.1, yl test for trend) 

3 to 9 10 to 19 20 to 29 30 to 39 40+ 

Age-group (years) 

Figure 2. Infection and attack rates by age-group, o'nyong-nyong fever-affected areas, south-central 
Uganda, 1996-1997 

date of illness onset was in September 1996 (range, May 1996 through January 1997) 

(figure 3A); the median age was 15 years (range, 3-52); 24 (65%) cases were in females; 

and 30 (86%) and 13 (37%) involved a rash or lymphadenitis, respectively (information on 

rash and lymphadenitis was available in 35 of 37 cases). In terms of the distribution of age, 

sex, and N titers (among those who were N positive), these 37 persons did not differ 

significantly from the 21 persons with laboratory-confirmed or -presumptive ONN virus 

infections who did not meet the study clinical criteria for recent ONN fever (data not shown). 

The survey response rates at Site #1 and Site #2 were not significantly different (57% vs. 

69%, respectively, p = 0.09, Fisher's exact test). Females constituted a higher percentage 

of respondents at Site #2 than at Site #1 (64% vs. 46%, respectively, p = 0.05, Fisher's 

exact test) (table 2). The estimated ONN virus infection rates and ONN fever attack rates 

were higher at site #1 than at site #2. At site # 1 , an infection rate of 68% (43/63), an 

attack rate of 4 1 % (26/63), and an apparentinapparent infection ratio of 1.5 (26/17) 

were estimated. Of 22 households sampled at Site #1,19 (86%) had had at least 1 member 

73 



Chapter 5 

Table 2. Demographic characteristics, estimated o'nyong-nyong (ONN) virus infection rates, estimated 
ONN fever attack rates, and estimated apparentinapparent ONN virus infection ratios in persons 
(n = 129) sampled from ONN fever-affected study sites, south-central Uganda, 1996-1997* 

Characteristic Study Site 

No. households sampled 
Total household population 
Median household population (range) 
No. persons sampled (%) 
Median age in years (range) 
No. females (%) 
No. ONN virus infections (%) 
No. ONN fever cases (%) 
Apparent-to-inapparent infection ratio 
No. households with >1 ONN virus infection (%) 
No. households with >1 ONN fever case (%) 

#1 #2 Pt Total 

22 18 40 
111 96 207 

5 (2-8) 5(3-13) 0.9 5(2-13) 
63 (57) 66 (69) 0.09 129(62) 

16(3-91) 20 (4-64) 0.2 20(3-91) 
29 (46) 42 (64) 0.05 71 (55) 
43 (68) 15(23) O.001 58 (45) 
26(41) 11 (17) <0.01 37(29) 

1.5 2.8 0.56 1.8 
19(86) 10(56) 0.04 29(73) 
12 (55) 7(39) 0.4 19 (48) 

* Including both laboratory-confirmed and laboratory-presumptive infections and cases. 
f By the two-tailed Fisher's exact test except for median household population and age distribution, 

for which the Wilcoxon two-sample test was used. 

infected with ONN virus, and 12 (55%) had had at least 1 member with ONN fever (table 2). 

At this site, the epidemic evidently started in May 1996, peaked in August 1996, and 

continued at least into January 1997 (figure 3B). 

At study site #2, an infection rate of 23% (1 5/66), an attack rate of 17% (11/66), and an 

apparentinapparent infection ratio of 2.8 (11/4) were estimated. Of 18 households sampled 

at Site #2, 10 (56%) had had at least 1 member infected with ONN virus, and 7 (39%) had 

had at least 1 member with ONN fever (table 2). At this site, the epidemic evidently started 

in September 1996 and continued at least into early 1997 (figure 3B). 

Of the 115 individuals sampled from 35 households at comparison study sites #3 and 

Lab-confirmed • Lab-presumptive Site #1 • Site #2 

May Jun Jul Aug Sep Oct Nov Dec Jan 

19 1997 
May Jun Jul Aug Sep Oct Nov Dec Jan 

1996 1997 

Figure 3. Dates of onset in 37 laboratory-confirmed or -presumptive cases of o'nyong-nyong (ONN) 
fever, south-centrai Uganda, 1996-1997, by A) case status and B) ONN fever-affected study site 
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#4, 1 was anti-ONN virus IgM-positive, 1 had evidence of a previous ONN virus infection by 

N, 1 had evidence of a previous CHIK virus infection by N, 2 had positive N titers to both ONN 

and CHIK viruses that differed from each other by 2<-fold, none were confirmed to have 

had recent cases of ONN fever, none had confirmed SIN virus infections, and none of 7 

persons cultured for virus were positive (table 1 ). Of the 4 (3%) persons with confirmed or 

presumptive previous ONN virus infections, the IgM-positive person was an asymptomatic 

16-year-old sampled at study site #3, while all the others were aged >36 years and sampled 

at study site #4. 

Discussion 
This ONN fever epidemic, the second ever described, evidently began during mid-1996 in 

villages situated along the southern shore of Lake Kijanebalola in the Rakai District and 

then, over a period of months, extended to other south-central Ugandan villages situated 

near lakes and swamps. Anecdotal reports suggested that this epidemic was triggered by 

the northward movement of a viremic person or persons from nearby Tanzania, but this 

was never confirmed. Thus, an explanation for the re-emergence of epidemic ONN fever in 

Uganda after an apparent 35-year absence is elusive. Even the most rudimentary 

understanding of the origins of ONN fever epidemics and endemic cases (if they occur) will 

await the elucidation of the natural history of ONN virus, including its enzootic cycles, 

reservoirs, and inter-epidemic vectors. 

The previous ONN fever epidemic in Uganda evolved into a major regional epidemic that 

swept across much of Central Africa over more than a 2-year period,3 presumably caused 

largely by the movement of viremic humans. It is unknown why the epidemic of 1996-

1997 apparently did not expand in a comparable fashion, especially given the fact that a 

major East-West trans-Central African highway traverses the northern portion of the Rakai 

District. Interestingly, unconfirmed reports of the extension of this epidemic were received 

during mid-1997 from parts of the Masaka District and from far west-central Uganda. 

Subsequently, 5 ONN fever cases with clinical onset in April-May 1998 were serologically 

confirmed from the far southern portion of the Rakai District [unpublished data]. 

In the current study, large differences in infection and attack rates between ONN fever-

affected study sites and comparison sites were documented. In affected areas, the estimated 

overall ONN virus infection rate and ONN fever attack rate were 45% and 29%, respectively. 

In comparison areas, only 1 recent ONN virus infection was documented (based on the 

presence of IgM antibody) and no recent clinical ONN fever cases were identified. In one 

instance, the distance between an affected site (#1 ) and a comparison (#3) site was only a 

few kilometers. These marked geographic differences in human infection rates presumably 
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reflect the relative proximity to larval habitat of An. funestus, the most likely primary vector 

of ONN virus in this epidemic.14 Larvae of this mosquito species are found most commonly 

in larger bodies of clear, permanent water, such as lake shores, river margins, and swamps.23 

Because of this extreme geographic discontinuity and the relatively small population sampled, 

extrapolation of the results of this study to the general population of south-central Uganda 

is unfeasible. 

Whether ONN fever was endemic in Central Africa during the inter-epidemic period of 

1962-1996 remains speculative. It is conceivable that sporadic cases and smaller epidemics 

occurred in the region during that interval but were unrecognized or unreported. In 1978, 

a strain of ONN virus was isolated from An. funestus collected in western Kenya.7 

Furthermore, results of seroprevalence surveys suggest that sporadic human infections 

with ONN virus occurred in east-central Africa during the inter-epidemic period, although 

no cases of ONN fever, per se, were reported.8" In west-central Africa, however, cases of 

Igbo-Ora fever were recognized during that time period, and Igbo-Ora fever may yet be 

shown to be synonymous with ONN fever. Igbo-Ora virus is closely related to both ONN 

and CHIK viruses but distinguishable from them on cross-complement fixation tests.24 This 

virus was first isolated in 1966 from Nigerian patients25 and subsequently — as late as 

1985 — from patients, An. funestus, and An. gambiae sampled in Ivory Coast.26 The 

published clinical descriptions of Igbo-Ora fever are strikingly similar to those of ONN fever, 

except that, in Igbo-Ora fever, lymphadenitis was not commonly observed.2426 Recent 

studies found 98% nucleic acid and 99% amino acid sequence homologies between a 

1966 human isolate of Igbo-Ora virus from Nigeria and a 1996 human isolate of ONN virus 

from Uganda, which suggests that Igbo-Ora virus is a strain of ONN virus.'5 Additional field 

observations will be needed to clarify whether or not these two viruses are clinically, 

epidemiologically, or ecologically distinct. 

If ONN virus was endemic in south-central Uganda during the inter-epidemic period, an 

increasing prevalence of N antibodies to ONN virus associated with increasing age would 

be expected among persons born after the previous ONN fever epidemic had ended and 

who had no recent illnesses suggestive of ONN fever. However, among the 62 persons 

sampled in the current study from ONN fever-affected study sites (#1 and #2) and who 

were tested for N antibody to ONN virus, who had no recent illnesses suggestive of ONN 

fever, and who were born after 1962, seroprevalence actually decreased with increasing 

age, although the trend was not statistically significant (data not shown). These data are 

difficult to interpret, however, because individuals who were infected during the inter-

epidemic period are impossible to distinguish from those subclinical^ infected during the 

recent epidemic. Furthermore, the serosurvey response rate was 62% (129/207), which 

may have biased survey results (see below). 
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In the current study, an apparent-to-inapparent infection ratio of 1.8 (37/21) was 

estimated. During the previous ONN fever epidemic in Uganda, an apparent-to-inapparent 

infection ratio of 4 (25/6) was estimated, also based on a retrospective study design.22 

Such a relatively minor — and statistically insignificant — difference could be attributable to 

differences in the clinical case definitions used. For example, Williams and colleagues22 

considered as clinical cases all study subjects who said they had suffered from "ONN fever" 

(with or without joint pain). This definition is somewhat more liberal than the clinical case 

definition used in the current study, which required the presence of joint pain as well as 

fever. Obviously, for many infectious diseases including ONN fever, apparent-to-inapparent 

infection ratios are difficult to estimate accurately, especially from retrospective studies, 

and depend largely on how clinical cases are defined. They also depend on the accuracy of 

clinical information, such as self-reports of fever, which can be unreliable.27 Nevertheless, 

among those alphaviruses that typically cause self-limited diseases characterized by fever 

and joint pain, apparent-to-inapparent infection ratios of 1 or more are not unusual. For 

example, estimates of apparent-to-inapparent infection ratios were 4 for Mayaro virus28 

and from 0.02 to 3 for Ross River virus.29 

The current study has several limitations. First, the study was undertaken when the 

epidemic was waning in most affected villages in the midst of a dry season, and thus a 

largely retrospective design was necessary. Consequently, among a population experiencing 

frequent self-limited febrile illnesses, study participants were asked to recall details of an 

illness that occurred as many as 9 months previously. Secondly, ONN fever has never been 

well-studied in a prospective manner, and thus the optimal clinical case definition has yet 

to be determined. And although the case definition used in the current study (fever with joint 

pain) was probably highly sensitive, it may have been relatively nonspecific (Chapter 6). For 

these reasons, some misclassification of clinical cases in each direction undoubtedly occurred, 

and this could have affected estimates of clinical attack rates and apparent-to-inapparent 

infection ratios. Finally, the overall serosurvey response rate of 53% (244 of 463 household 

members) is low and, anecdotally, we observed that more adult males than females refused 

participation in the study. Young children are under-represented in the sample as well. 

Whether or not this biased the survey results is unknown, but they should be interpreted 

cautiously nonetheless. 

With the possible exception of the routine use of mosquito bed nets (which was denied 

by virtually all 244 persons sampled in the present study; data not shown), no practical 

measures currently exist for the widespread prevention and control of ONN fever or other 

diseases transmitted by An. funestus and An. gambiae. Housing and living conditions 

common to the region make widespread vector exclusion measures impractical in the 

short term. Poverty and remoteness of many villages work against the widespread availability 
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of insect repellents. No vaccine against ONN virus exists. Anecdotal reports suggest that 

patients who developed apparent ONN fever in the Rakai District in 1996-1997 were often 

initially misdiagnosed with, and treated for, malaria. Thus, the cornerstone of an appropriate 

public health response to an epidemic of ONN fever generally should be the ascertainment 

of the geographic distribution and movement of the epidemic, and the dissemination of 

accurate information concerning the clinical and diagnostic features of the illness, the lack 

of specific treatment options, and the proper application of personal preventive measures. 

Communication between public health officials in neighboring countries in the region is 

essential. 
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Chapter 6 

Abstract 
O'nyong-nyong (ONN) fever, caused by infection with a mosquito-borne central 

African alphavirus, is an acute, nonfatal illness characterized by polyarthralgia. During 

1996-1997, south-central Uganda experienced the second ONN fever epidemic ever 

recognized. Among 391 persons interviewed and bled, 40 confirmed and 21 

presumptive, well-characterized acute, recent, or previous ONN fever cases were 

identified through active case-finding efforts or during a household serosurvey, 

using well defined clinical and laboratory criteria. Among confirmed cases, the 

knees and ankles were the joints most commonly affected. The median duration of 

arthralgia was 6 days (range, 2-21 days) and of immobilization was 4 days (range, 

1-14 days). In the majority, generalized skin rash was reported and in nearly half, 

lymphadenopathy, mainly of the cervical region. Viremia was documented in 16 

cases, primarily during the first 3 days of illness, and in some of these, body 

temperature was normal. During this epidemic, the combination of fever, arthralgia, 

and lymphadenopathy had a specificity of 83% and a sensitivity of 6 1 % in the 

identification of ONN fever cases, and thus could be useful for surveillance purposes. 

Key Words: O'nyong-nyong virus; alphavirus; arbovirus; Uganda; clinical features; diagnosis 
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Introduction 
O'nyong-nyong (ONN) virus is a mosquito-borne alphavirus that belongs to the Semliki 

Forest serologic complex.1 As such, it is closely related both genetically and clinically to 

Chikungunya (CHIK), Mayaro, and Ross River viruses, which cause CHIK fever,2 Mayaro 

virus disease,3 and epidemic polyarthritis,4 respectively. 

During 1959-1962, ONN virus caused a major central African epidemic of ONN fever that 

began in northern Uganda and involved an estimated 2 million patients in Kenya, Tanzania, 

and Uganda alone.5 Typical clinical features included low-grade fever, symmetrical 

polyarthralgia, lymphadenopathy (particularly of the posterior cervical region), and a 

generalized papular or maculopapular exanthem.6 Although some patients experienced 

prolonged joint pain during the recovery phase, no fatal cases or permanent sequelae 

were observed. Two of the region's major malaria vectors, Anopheles funestus and An. 

gambiae, were implicated as the principal epidemic vectors of ONN virus.7 8 Although the 

epidemic waned in Uganda during 1961, ONN fever cases were documented in an area 

extending from Mozambique to Senegal during 1960-1962.9 

Following the epidemic of 1959-1962, results of seroprevalence studies suggested that 

sporadic human infections with ONN virus continued to occur within the region, although 

no cases of ONN fever were documented after 1962.1013 Although a strain of ONN virus 

was isolated from An. funestus collected in western Kenya,14 the enzootic vectors and 

natural reservoir hosts of ONN virus remain unknown. 

Beginning in mid-1996, following an apparent absence of approximately 35 years, the first 

recognized re-emergence of ONN fever occurred in south-central Uganda.15 The epidemic 

was focused near lakes and swamps, where it was associated with high infection and attack 

rates, and an apparent-to-inapparent infection ratio of approximately 2:1 (Chapter 5). An. 

funestus was implicated as the primary epidemic vector.16 Vertebrate studies conducted 

during the epidemic failed to incriminate rodents or mongooses as amplifying hosts of the 

virus.17 Results of molecular virologie studies suggested that a single genotype of ONN 

virus circulated during this epidemic, and indicated that this genotype shared a high degree 

of genetic homology with a strain isolated in northern Uganda during 1959.18 

The current paper provides a description of the clinical features of the 1996-1997 epidemic, 

based on case ascertainment efforts during September and October 1996, and during 

January and early February 1997. This study was largely retrospective but included some 

acute ONN fever cases as well. Additionally, we evaluated a variety of purely clinical case 

definitions of ONN fever for surveillance purposes. 
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Methods 
All studies were conducted in accordance with human research subject guidelines of the 

Ugandan Ministry of Health and the Centers for Disease Control and Prevention (CDC). 

Case ascertainment. Beginning in June 1996, clinicians and local health officials in the 

mostly rural Rakai District of south-central Uganda noted an increase in cases of an acute 

febrile illness with polyarthralgia and often, skin rash.15 The typical case was characterized 

by onset of low-grade fever and malaise, followed approximately 2 days later by symmetric 

polyarthralgia and often by lymphadenopathy, especially of the posterior cervical region, 

followed approximately 2 days later by a generalized maculopapular rash that was commonly 

pruritic. Patients usually experienced full recovery within 1-2 weeks of clinical onset, although 

some patients experienced more prolonged arthralgia. 

Subsequently, in September and October 1996, Ugandan Ministry of Health officials 

conducted active case finding and collected blood samples and limited clinical data from 

selected residents of the Rakai District, including some who were acutely ill with symptoms 

and signs suggestive of ONN fever. Tests conducted at the Uganda Virus Research Institute 

(UVRI) and CDC confirmed the presence of ONN virus in samples from some acutely ill patients. 

During late January and early February 1997, Ugandan scientists were joined by a 

multinational team of researchers to conduct more detailed epidemiologic, entomologie, 

and vertebrate studies of the affected area (Chapter 5). The initial step was a preliminary, 

rapid, and crude survey of the region by automobile. Village leaders, health-care workers, 

folk medicine practitioners, druggists, and other inhabitants were questioned about the 

occurrence in their area of suspected ONN fever cases. Informational leads were pursued 

and suspected case-patients were located, interviewed, and sometimes bled. 

Subsequently, a cluster survey of households was conducted in selected villages (Chapter 5), 

based on a modification of the World Health Organization-Expanded Programme on 

Immunization vaccine coverage survey method.19 Blood samples were requested from all 

household members, excluding those aged <3 years. A standardized questionnaire was 

verbally translated into the local language and administered to each study participant by a 

member of the research team. This questionnaire included questions on age, the number 

of household members, and symptoms of ONN fever recalled within the previous 9 months, 

and the approximate date of onset of symptoms. 

Case definitions. 

Clinical criteria for an ONN fever case were an acute febrile illness with polyarthralgia 

occurring within the previous 9 months. Among patients meeting these criteria, confirmed 

cases were defined as those associated with any of the following laboratory evidence of 

current or previous infection with ONN virus: virus isolation, the presence of serum 
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immunoglobulin M (IgM) antibody to ONN virus, or a positive convalescent-phase serum 

neutralization (N) titer (>10) to ONN virus that was >4-fold higher than the corresponding 

N titer to CHIK virus. Because ONN virus infections in humans commonly result in the 

development of similar titers of neutralizing antibodies against both ONN and CHIK viruses,20 

presumptive ONN fever cases were defined as those associated with the presence of a 

positive convalescent-phase serum N titer to ONN virus that differed by <2-fold from the 

corresponding N titer to CHIK virus. 

Laboratory methods. 
Single blood samples were collected from each study participant by venipuncture and 

maintained at ambient temperature in the field, except for samples from participants 

suspected to have acute ONN fever at the time of blood collection, which were placed on 

wet ice. For all specimens, serum was separated within 12 hours of collection, split, and 

subsequently stored and transported in liquid nitrogen to UVRI in Entebbe and the Division 

of Vector-Borne Infectious Diseases, CDC, in Fort Collins, Colorado. 

Serum specimens collected <21 days after clinical onset were cultured for viruses by 

inoculation onto Vero cell monolayers or into suckling mice,21 or tested for the presence of 

ONN viral genetic material by the reverse-transcriptase polymerase chain reaction (RT-PCR), 

or both. All virus isolates were identified by both an immunofluorescent assay (IFA)22 and 

by RT-PCR. 

For RT-PCR, 140 pi of starting material was extracted from either serum, tissue culture 

fluid, or 10% suckling mouse brain suspension using the QIAamp Viral RNA kit (QIAGEN, 

Valencia, CA) and following the manufacturer's protocol. RNA was resuspended in a final volume 

of 100 pi of RNase-free water. ONN virus-specific primers (5'-CTGACTGCGGGGAGGGACACT-

3'[8698-8718] and 5'-ATCGTAATAACATCTTTGGTAGGTC-3' [9765-9791 ]) were designed using 

the PrimerSelect module of the Lasergene software package (DNASTAR, Inc., Madison, 

Wl) utilizing the published genomic sequence of ONN virus strain MP30 ("Gulu").23 Five 

microliters of purified RNA was combined with 200 pmoles of each ONN virus-specific 

primer, and the RT-PCR reaction was performed using the TITAN One Tube RT-PCR kit 

(Boehringer Mannheim Biochemicals, Indianapolis, IN) and following the manufacturer's 

protocol. Samples that generated a double-stranded DNA band of the correct size (1,093 

bp) were further analyzed by DNA sequencing. The 1,093-bp DNA fragment was purified 

by electrophoresis on a 1% agarose gel followed by gel excision and extraction using the 

QIAquick gel extraction kit (QIAGEN); 500 ng of this material was then sequenced using 

theTaq DyeDeoxy Terminator Cycle sequencing kit (Perkin-Elmer/Applied Biosystems, Foster 

City, CA) utilizing the same primers used for amplification. The sequence data were aligned 

and edited using the SeqMan module of the Lasergene package. 
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Following virus isolation attempts and PCR tests, all serum specimens were heat-inactivated 

at 56°C for 30 minutes and then tested by enzyme immunoassay (EIA) for antibody 

(immunoglobulin M [IgM] and IgG separately) to ONN virus. Antigens were derived from 

suckling mouse passage 14 of ONN virus strain MP30 and kindly provided by Drs. Laura 

Chandler, Robert Tesh, and Robert Shope of the University of Texas at Galveston. IgM 

antibody-capture EIA was performed by using a modification of a previously published 

procedure.24 After the wells of a 96-well Immunlon 2 microtiter plate (Dynex Technologies, 

Inc., Chantilly, VA) were coated with a predetermined quantity (75 pl/well) of goat anti-

human IgM antibody in bicarbonate-carbonate buffer (pH 9.6) overnight at 4°C, wells 

were blocked with 200 pi 5% skim milk and 0.5% Tween 20 in phosphate-buffered saline 

(PBS) for 30 min at room temperature. Serum samples (diluted 1:400 in PBS/0.05% Tween 

20 and incubated at 37°C for 1 hr) were then tested in triplicate with ONN virus antigen 

(incubated overnight at 4°C) derived from infected, sucrose-acetone-extracted, suckling 

mouse brain and with normal uninfected mouse brain antigen control prepared by the 

same method. Fifty microliters per well of an alphavirus group-reactive murine monoclonal 

antibody (MAb 2A2C-3) conjugated to horseradish peroxidase (Jackson ImmunoResearch 

Laboratories, Inc., West Grove, PA), diluted 1:4,000 in blocking buffer, was added and 

allowed to incubate at 37°C for 1 hr. Bound enzyme-conjugate was detected with 75 pi/ 

well of the substrate 3,3',5,5'-tetramethylbenzidine (TMB, GIBCO Bethesda Research 

Laboratories, Inc., Gaithersburg, MD). After this solution incubated at room temperature 

for precisely 10 min, the reaction was stopped with 1N H2S04 (50 pl/well), and the A450 

nm was measured.25 Reactions were judged as positive if the signal-to-noise ratio (P/N) of 

the test sample was >2.0 (A450 nm of the sample [P] divided by the A450 nm of a normal 

[N] human antibody control). Viral antigen-specific antibody reactivities were also compared 

to reactivities with normal mouse brain antigen. The test result was considered 

uninterpretable if the A450 nm of the test sample with viral antigen was <2 times the 

A450 nm of the test serum with normal mouse brain antigen. 

IgG EIA was performed by using a modification of a previously published procedure.26 

For this assay, purified ONN viral antigen was not directly coated into microtiter plates, but 

rather antigen was captured from infected, sucrose-acetone-extracted, suckling mouse 

brain using a predetermined quantity of the alphavirus group-reactive capture MAb, 1A4B-

6.27 This MAb was coated onto the wells overnight at 4°C in bicarbonate coating buffer, 

pH 9.6. Wells were then blocked with 200 pl/well of 3% normal goat serum in PBS with 

0.1% Tween 20 for 30 mm at room temperature. ONN viral antigen was then added and 

allowed to incubate overnight at 4°C. Negative-antigen control wells were also prepared 

by using normal mouse brain antigen. Test serum samples and normal and positive human 

serum controls were added in triplicate at a 1:400 dilution and incubated at 37°C for 1 h. 
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Bound antiviral antibody was detected by adding alkaline phosphatase conjugated-goat 

anti-mouse IgG Fc-specific antibody (Jackson ImmunoResearch Laboratories) diluted 1:1,000 

in blocking buffer and by incubating at 37°C for 1 hr, followed by the addition of substrate 

(3 mg/ml p-nitrophenyl phosphate [Sigma 104, Sigma Chemical Co., St. Louis, MO] in 1M 

Tris-HCI, pH 8.0) and incubation for 30 min at room temperature. The reaction was then 

stopped with 35 ul/well 3M NaOH and the A405 nm was measured. As with the IgM EIA, P/ 

N ratios were calculated, and serum samples with P/N values >2.0 were considered positive. 

The test result was considered uninterpretable if the A405 nm of the test sample with viral 

antigen was <2 times the A405 nm of the test serum with normal mouse brain antigen. 

Serum specimens giving positive or uninterpretable (because of high background reactivity 

to normal mouse brain antigens) results by IgG EIA were tested by a serum-dilution plaque-

reduction neutralization (N) assay28 in Vero cells using 90% plaque-reduction as a positive 

cutoff value. Specimens tested by N were screened at a 1:10 dilution against ONN virus 

(strain MP30, passage level 8), as well as against 2 other alphaviruses known to infect 

humans in Uganda and to cross-react serologically with ONN virus, i.e., CHIK (prototype 

strain S 27, high passage) and Sindbis (SIN, prototype strain Ar 339, passage level 14) 

viruses.23 Using serial 2-fold dilutions, endpoint N tests were then performed on specimens 

that gave positive screening N results against >1 of these viruses. 

Evaluation of clinical case definitions for surveillance purposes. 
By designating a positive ONN virus culture result or the presence of serum IgM antibody 

to ONN virus as the "gold standard" for infection, we evaluated various combinations of 

self-reported clinical features (fever, joint pain, rash, and lymphadenopathy) in terms of 

sensitivity and specificity. To minimize problems with recall, only cases in which the clinical 

onset was <6 weeks prior to interview and specimen collection were included. 

Statistical methods. 
Using Epilnfo software version 6.04b (Epidemiology Program Office, CDC, Atlanta, 

Georgia), the two-tailed Fisher's exact test was used to compare pairs of proportions and 

the Wilcoxon two-sample test was used to compare the distributions of ordered categorical 

variables in two populations. In all statistical tests, P< 0.05 was considered to be significant. 

Results 
Serum samples and at least partial clinical data were collected from a total of 391 persons. 

Of these, 85 were sampled by Ugandan scientists in September and October 1996, and 

306 were sampled by the multinational team during January and February 1997. Of the 
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latter, 62 were sampled during case ascertainment efforts and 244 (Chapter 5) were sampled 

during the serosurvey. Of these 391 persons, 121 (31%) had laboratory evidence of a 

current, recent, or past infection with ONN virus (figure 1 ), 3 (0.8%) had evidence of a past 

infection with CHIK virus (based on comparative N antibody titers), and none had convincing 

laboratory evidence of a previous SIN virus infection. Of these 121 persons, 74 (61 %) had 

confirmatory laboratory evidence of a current, recent, or past infection with ONN virus: 31 

(42%) of these 74 persons had IgM antibody to ONN virus; 27 (36%) had a positive 

convalescent-phase serum N titer to ONN virus that was >4-fold higher than the 

Clinical criterion H 
applied 

persons 
sampled 

270 
ab-negative 

121 
lab-positive* 

^•confirmed \ n e u ä 2 a t l 0 n \ bV.rus' 
infections \ \ isolation, 

> • 47 
lab-presumptive 
infections (by 

neutralization) 

53 
did not meet 

clinical criteria 

Figure 1. Summary of the results of applying laboratory and clinical criteria for o'nyong-nyong 
(ONN) fever to 391 study participants sampled in south-central Uganda, 1996-1997. 

* laboratory evidence of current, recent, or past infection with ONN virus (see text) 
H acute febrile illness with polyarthralgia occuring within the previous 9 months 

corresponding N titer to CHIK virus; and 16 (22%) were culture positive for ONN virus 

(among 96 persons cultured). ONN virus was the only virus isolated during the study. The 

remaining 47 (39%) of these 121 persons had presumptive laboratory evidence of a past 

ONN virus infection, i.e., a positive convalescent-phase N titer to ONN virus that differed by 

<2-fold from the corresponding N titer to CHIK virus (figure 1). Of these 121 persons, 68 

(56%) reported a current or recent (within the previous 9 months) illness characterized by 

fever and joint pain and thus met the study clinical criteria for ONN fever. Of these 68 

persons, 47 (69%) were considered laboratory-confirmed cases and 21 (31%) were 

considered laboratory-presumptive cases (figure 1). 
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Of these 47 confirmed cases, 23 (49%) were confirmed by a positive serum I g M antibody 

test, 14 (30%) by a positive N test of convalescent-phase serum, and 10 (21%) by virus 

isolation (among 24 persons cultured). Complete questionnaire data were available in 40 

(85%) of these 47 cases. Of these 40 cases, 20 (50%) were confirmed by a positive serum 

I g M antibody test, 14 (35%) by a positive N test of convalescent-phase serum, and 6 

(15%) by virus isolation (among 20 persons cultured). Demographic and certain other 

characteristics of these 40 patients are shown in table 1. Symptoms reported by these 

patients are shown in table 2. By definition, all reported fever and joint pain. Knees and 

ankles were the joints most commonly affected. The median duration of joint pain was 6 

days (range, 2-21 days) and of immobilization was 4 days (range, 1-14 days); these were 

unrelated to age or sex. The majority of patients reported headache and skin rash. Of 

those reporting skin rash, most described it as generalized and itchy. Nearly half of the 

patients reported lymphadenopathy and red eyes. Of those reporting lymphadenopathy, 

almost all reported involvement of the neck (figure 2). Bleeding of the gums was reported 

by 1 patient. No fatalities were reported. 

Table 1 . Summary of demographic and other characteristics of the total study population, and of 40 
well-characterized laboratory-confirmed and 21 laboratory-presumptive o'nyong-nyong fever cases, 
south-central Uganda, 1996-1997 

Characteristic Total study Clinically well- Laboratory- P* 
population characterized labora

tory-confirmed cases 
presumptive 
cases 

N 39V 40 21 
Age (years) 

median 20f 20 15 0.9* 
range 3 -91 5 -80 3 -45 _ 

No. Females (%) 187" (56) 25(62.5) 14(67) 0.8' 
Date of symptom onset 

median - Late December 1996 Mid-September 1996 -
range - July 1996-Jan 1997 May 1996-Jan 1997 -

Interval from symptom 
onset to interview and 
blood samplecollection 
(days) 

median - 33 141 0.004« 
range 1 -204 12-261 -

Comparing laboratory-confirmed and laboratory-presumptive cases. 
Age and sex data were unavailable for 67 and 60 persons, respectively, sampled during 
SeptemberOctober 1996. 
Wilcoxon two-sample test 
Two-tailed Fisher's exact test 
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Figure 2. Patient with acute, culture-confirmed o'nyong-
nyong (ONN) fever and posterior cervical lymph-
adenopathy. 

Table 2. Symptoms reported in 40 well-characterized laboratory-confirmed and 21 laboratory-
presumptive o'nyong-nyong fever cases, south-central Uganda, 1996-1997 

Symptom Proportion of patients reporting symptom (%) 

Well-characterized laboratory- Laboratory presumptive cases 
confirmed cases 

Fever 40/40* (100) 21 /21* (100) 
Joint pain 40/40* (100) 21/21* (100) 
Knees 36/40 (90) 19/21 (90) 
Ankles 33/40 (83) 15/21 (71) 
Elbows 30/40 (75) 16/21 (76) 
Wrists 30/40 (75) 14/21 (67) 
Fingers 25/40 (63) 11/21 (52) 
Immobilization 31/40 (78) 19/21 (90) 
Headache 33/40 (83) 12/21 (57) 
Rash 28/40 (70) 19/21 (90) 
Generalized 22/28 (79) 13/16? (81) 
Itchy 24/28 (86) 16/19 (84) 
Lymphadenopathy 18/40 (45) 10/21 (48) 
Cervical 15/161 (94) 5/9? (56) 
Inguinal 9/16? (56) 7/91 (78) 
Axillary 7/161 (44) 3/9? (33) 
Red eyes 18/40 (45) 13/21 (62) 
Bleeding gums 1/40 (3) 

* By definition (see text) 
f Responses were missing in a few cases. 
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100 

•S 80 

60 

40 

20 

0/6* 

4/5 

4/4 
* Number positive/number tested 

1/3 

1/2 

2/12 

0-05 6-15 16-30 31-60 61-90 91-120 121 + 

Interval from clinical onset to sample collection (days) 

Figure 3. Prevalence of Ig M antibody to o'nyong-nyong (ONN) virus among 40 well-characterized 
laboratory-confirmed ONN fever cases, south-central Uganda, 1996-1997. 

Among the 20 I g M antibody-positive confirmed cases in which complete data were 

available, the median interval from onset of symptoms to sample collection was 19 days 

(range, 7-204 days). The prevalence of I g M seropositivity appeared to decrease 

approximately 60 days after the onset of illness (figure 3) (16 positives among 23 patients 

sampled within 60 days of clinical onset vs. 4 positives among 17 patients sampled >60 

days post-onset, p<0.01). The patient w i th persistent IgM antibody to ONN virus 

approximately 204 days after clinical onset was a 28-year-old male who described a week-

long illness consisting of fever, joint pain, generalized rash, and cervical lymphadenopathy. 

His serum sample showed N titers of 10 and <10 against ONN virus and CHIK virus, 

respectively. 

Among the 6 confirmed cases in which ONN virus was isolated and in which complete 

clinical data were available, the reported duration of illness at the time of sample collection 

was 1-3 days in all cases. Median body temperature measured at the time of sample 

collection in these cases was 37.4°C (range, 36.7-39.3°C), and temperatures were normal 

(below 37.1°C) in 2 of these viremic cases. Of the 10 other ONN virus-positive patients 

identified in the study, 1 reported fever but no joint pain while 1 reported joint pain but no 

fever (and, thus, their cases did not meet the study clinical criteria); 4 reported both fever 

and joint pain (and thus their cases met the study clinical criteria) but a lack of complete 

clinical details precluded their inclusion in the group of 40 cases selected for detailed 

analysis; and clinical data were unavailable for 4 patients sampled in September 1996. 

The 21 laboratory-presumptive ONN fever cases were demographically similar to the 40 

well-characterized laboratory-confirmed cases (table 1). The median interval from reported 

onset of symptoms to interview and blood collection was significantly longer among 

laboratory-presumptive cases than among laboratory-confirmed cases. By definition, fever 
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and joint pain were reported in all 21 laboratory-presumptive cases (table 2). Knees, elbows, 

and ankles were the joints most commonly affected. The median duration of joint pain 

was 7 days (range, 1-90 days) and of immobilization (reported in 19 of 21 cases) was 4 

days (range, 1-28 days). The majority of patients reported headache and skin rash. Of 

those reporting skin rash, most described it as generalized and itchy. Nearly half of the 

patients reported lymphadenopathyand more than half reported redeyes. Of those reporting 

lymphadenopathy, half reported involvement of the neck. Nosebleed was reported by 1 

patient. Statistically, symptoms in laboratory-confirmed and laboratory-presumptive cases 

differed only in terms of the proportions reporting cervical lymphadenopathy among those 

reporting lymphadenopathy (15/16 vs. 5/10, p = 0.04). No fatalities were reported. 

Serum specimens from 76 (19%) of the 391 study participants were tested for ONN virus 

by both culture and RT-PCR. The concordance of culture (the gold standard) and PCR 

results was 96% (10 specimens were both culture- and PCR-positive; 63 specimens were 

both culture- and PCR-negative; 3 specimens were culture-positive and PCR-negative; and 

no specimens were culture-negative and PCR-positive). Compared to culture, PCR in this 

study demonstrated the following characteristics: sensitivity, 77% (10/13); specificity, 100% 

(63/63); predictive value of a positive test, 100% (10/10); and predictive value of a negative 

test, 95% (63/66). 

The results of evaluating the sensitivity and specificity of various combinations of clinical 

features for surveillance purposes are shown in table 3. 

Table 3. Results of the evaluation of the sensitivity and specificity of various combinations of clinical 
features by designating a positive o'nyong-nyong (ONN) virus culture result or the presence of 
serum Ig M antibody to ONN virus as the "gold standard" for infection 

Clinical features No. of eva uable Sensitivity (%) Specificity (%) 
study part cipants 

Fever + joint pain 37 100 31 
Fever + joint pain + (rash or lymphadenopathy) 33 76 58 
Fever + joint pain + rash 34 68 58 
Fever + joint pain + lymphadenopathy 35 61 83 
Fever + joint pain + rash + lymphadenopathy 33 48 83 

Discussion 
This is the second series of ONN fever cases ever described. Despite differences in the 

way the two case series were constructed and evaluated, the clinical features that 

characterized the current series are virtually indistinguishable from those that characterized 
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the previous one.5 The high degree of genetic homology observed between ONN virus 

strains circulating during the two epidemics18 may help to explain the apparent consistency 

of clinical features between them. 

Shore's6 northern Ugandan series of nearly 21,000 ONN fever cases was constructed 

retrospectively from outpatient and inpatient medical records and community surveys within 

the epidemic area. A case was defined in strictly clinical terms as an illness with joint pain 

with or without fever; there were no laboratory criteria. Thus, misclassification of cases in 

both directions was probably common. Interestingly, in 28% of nearly 600 clinically 

diagnosed cases in which a single measurement of body temperature was documented at 

the time of presentation, the temperature was normal (i.e., <37.1°C).6 

The current case series also was constructed largely retrospectively, although some acute 

cases were observed. A case was defined by the presence of both joint pain and fever, as 

well as by specific laboratory criteria, including virus isolation or the presence of specific 

antibody in serum. Thus, we are reasonably confident that the ONN fever cases included in 

our series — especially the 47 laboratory-confirmed cases — are true cases. However, because 

fever (either self-reported or researcher observed) was included as a clinical case criterion, 

clinically less severe cases may be underrepresented in our series. Interestingly, although 

only a handful of acute cases were observed during the current study, among the six 

viremic cases in which both joint pain and fever were reported by patients, body temperature 

was found to be normal (as defined above by Shore6) in two cases. Therefore, in some 

cases of ONN "fever", elevated body temperature is either intermittent or does not occur 

at all, even during the acute, viremic phase of the illness. Afebrile viremia is also common 

in cases of epidemic polyarthritis." 

Other observations by Shore6 included that the combination of joint pains, rash, and 

lymphadenopathy occurred in about 40% of all cases, that the posterior cervical lymph 

nodes were commonly affected, that ONN fever more commonly affected females, that 

"some patients complained of epistaxis," and that, rarely, ONN fever can recur in individual 

patients, with episodes separated by a month or more. By comparison, in the current study 

an illness characterized by the combination of joint pains, rash, and lymphadenopathy 

(with or without fever) was reported by only 17 (23%) of 74 persons with confirmatory 

laboratory evidence of current, recent, or past ONN virus infection. And, while 39 (64%) of 

61 well-characterized laboratory-confirmed or laboratory-presumptive ONN fever cases 

identified in the current study were in females (table 1 ), this proportion is not significantly 

different from the proportion of females in the total sample. Anecdotally, we observed 

that more males than females refused participation in the study. Thus, results of this study 

provide no evidence that females are at greater risk than males for ONN fever. Although 2 

(3%) of 61 well-characterized laboratory-confirmed or laboratory-presumptive ONN fever 
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case-patients reported nosebleed or bleeding gums (table 2), a causal relationship between 

ONN fever and these mild, uncommonly reported, hemorrhagic symptoms has not been 

established. In fact, the frequency of these symptoms among ONN fever cases may be no 

greater than among the general population. Finally, the present study documented no 

recurrent ONN fever cases, although its largely retrospective study design makes it impossible 

to rule-out their occurrence. Despite Shore's6 statement to the contrary, which was based 

on solely clinical observations without virologie confirmation, no convincing evidence exists 

to suggest that recurrent clinical infections occur with ONN virus or other members of the 

Semliki Forest antigenic complex. 

As in Shore's6 case series, lymphadenopathy — especially of the cervical region — was 

commonly reported as a clinical manifestation of ONN fever in the current case series. Shore6 

was of the opinion that by comparison, lymphadenopathy rarely if ever occurred in CHIK 

fever cases and that this fact could aid in distinguishing between these two diseases, which 

are otherwise very similar clinically.2 More recent clinical descriptions of CHIK fever, however, 

have documented that lymphadenopathy — especially of the inguinal region — commonly 

occurs and that the posterior cervical nodes are affected in at least a few cases.2931 

In the current study, we had no difficulty in isolating ONN virus from acutely ill patients. 

That this virus can readily be isolated from ONN fever patients during the acute phase is 

not a new observation. During 1959-1960,46 ONN virus strains were isolated from acutely 

ill patients sampled in Uganda, Kenya, and Tanzania.5 Furthermore, all of these strains 

were isolated from samples collected during days 1-6 of illness, and all but two strains 

were isolated from samples collected during days 1-3 of illness. Thus, our results were 

nearly identical to those of Williams and colleagues5 in that, in all 6 virus-positive cases in 

which dates of onset and complete clinical data were available, samples for culture had 

been collected during days 1-3 of illness. Therefore, as in most cases of CHIK fever29, 

Mayaro virus disease,3 32 and epidemic polyarthritis33, in ONN fever cases a brief window 

of viremia commonly exists during the first few days of illness. 

The current study is the first to evaluate the dynamics of the IgM antibody response to 

ONN virus infection. And, although the data were derived from tests of single serum samples 

collected largely retrospectively, they suggest that detectable levels of serum IgM antibody 

to ONN virus typically appear during the second week of illness, persist for approximately 

2 months, and in a few cases, may persist for 6 months or more. These dynamics are 

similar to those observed in epidemic polyarthritis.4 34 

In the current study, we were unable to estimate the incubation period of ONN fever 

because mosquito exposure in these rural populations is ubiquitous and virtually continuous. 

The origin of Shore's6 estimate of >8 days is unclear. Typical incubation periods of diseases 

caused by other members of the Semliki Forest complex include 3 days (range, 2-12 days) 
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for CHIK fever2 6 and 9 days (range, 3-21 days) for epidemic polyarthritis.35 

Although ONN fever appears to be uniformly nonfatal, it causes substantial morbidity. 

The results of the current study suggest that, in a typical ONN fever case, patients are 

immobilized for a median of 4 days, ranging as high as 2 weeks. During the epidemic of 

1959-1962, labor-intensive production and agricultural industries were significantly affected 

in some areas, with 25% or more of the labor force - often 10% at one time — missing at 

least 5 days of work.36 Thus, although the social and economic costs of a large ONN fever 

epidemic have not been formally studied, they are undoubtedly significant. 

Ideally, the public health response to a suspected epidemic of ONN fever or other viral 

illness would include sophisticated and timely laboratory support, both to confirm the 

etiologic agent and to help track the epidemic geographically and temporally. Unfortunately, 

in developing countries, strong laboratory support for epidemic investigations is often 

either unavailable or not available in a timely fashion. For this reason, we evaluated various 

purely clinical case definitions of ONN fever for public health surveillance purposes. The 

results suggest that the combination of fever, polyarthralgia, and lymphadenopathy is 

associated with the best combination of specificity (83%) and sensitivity (61 %) (table 3). In 

the future, such a clinical case definition could assist public health officials throughout 

Central Africa both by triggering appropriate laboratory-based investigations of suspected 

ONN fever epidemics and in tracking those ONN fever epidemics that are already laboratory 

confirmed. Obviously, because of its limited sensitivity and specificity, such a definition 

may be useful as a surveillance tool during epidemics but has no place in the evaluation of 

sporadic cases or in the clinical diagnosis or management of individual patients. 
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Chapter 7 

Abstract 
Leptospirosis has rarely been reported in Puerto Rico (PR), although in the period of 

1948 to 1952, 208 cases of leptospirosis and an island-wide seroprevalence of 

antibody to Leptospira of 14% were documented. In PR in October 1996, following 

rainfall and a period of flooding generated by Hurricane Hortense, serum specimens 

of four patients with suspected dengue fever that were negative for dengue tested 

positive for Leptospira-spec\f\c IgM antibodies in a dipstick assay. Subsequently, we 

used an island-wide dengue laboratory-based surveillance system to detect whether 

there was an increase in leptospirosis after hurricane-generated floods. All anti-

dengue IgM-negative patients (n =142) with disease onset from August 8 to October 

6, 1996, from prehurricane and posthurricane groups, were investigated for 

leptospirosis. Laboratory-confirmed leptospirosis cases were defined as microscopic 

agglutination test titers >1:400 to one or more serovars, or positive immuno-

histochemistry in autopsy tissues. Four (6%) of 72 prehurricane, and 17 (24%) of 

70 posthurricane patients had laboratory-confirmed cases of leptospirosis (relative 

risk = 4.4; 95% CI = 1.6-12.4). The mean age of case-patients was 34 years (range: 

13 to 64). Eighteen (86%) of 21 confirmed case-patients were male, including one 

patient who died (31 years). Patients were located in 18 (38%) of 48 municipalities 

that submitted serum samples. Clinical features significantly associated with 

leptospirosis were eye pain (RR = 1.5, 95% CI = 1.3-1.9), joint pain (RR = 1.4, 95% 

CI = 1.1-1.6), diarrhea (RR = 1.7, 95% CI = 1.2-2.5), and jaundice (RR = 3.3, 95% CI 

= 1.5-7.2). This study demonstrates the utility of a dengue laboratory-based 

surveillance system for the detection of an acute increase of leptospirosis, which 

otherwise most likely would have gone unrecognized. Leptospirosis is treatable 

with antibacterial agents; early diagnosis may significantly reduce morbidity and 

mortality. 
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Introduction 
Leptospirosis, a commonly occurring spirochetal zoonosis of worldwide distribution, causes 

a wide spectrum of clinical manifestations, including subclinical infection, self-limited anicteric 

febrile illness with or without meningitis, and a severe and potentially fatal illness known 

as Weil disease that presents as hemorrhage, renal failure, and jaundice.1 The initial 

leptospiral syndrome of acute fever, chills, and myalgia with muscle tenderness is 

indistinguishable from dengue. Typical symptoms for dengue are frontal headache, retro-

orbital pain, muscle and joint pain, and rash, while painful eyes, conjunctival suffusion, and 

severe muscle pain (often beginning in the calf) are symptoms more commonly ascribed to 

leptospirosis.12 

From 1955 to 1994, the total annual number of reported cases of leptospirosis in the 

United States, including Puerto Rico (PR), was less than 150.3 In 1994, the last year national 

surveillance was required for leptospirosis, 22 of the 38 reported cases in the United States 

occurred in Hawaii, and 2 cases were reported from PR.4 Leptospirosis is endemic in most 

Caribbean countries and may be mistaken for dengue or dengue hemorrhagic fever.5 6 In 

Barbados, the average annual incidence (1979 to 1991) of severe leptospirosis was 13 

cases per 100,000 population with a case fatality rate of 14%.7 Leptospirosis has rarely 

been reported in PR, except for the period of 1948 to 1952, when 208 cases of leptospirosis 

and an island-wide seroprevalence of antibody to Leptospira of 14% (range by region: 6% 

to 22%) were documented,8 and in 1974 when, following a case of suspected fatal 

leptospirosis, 8 (19%) of 43 persons investigated had evidence of recent leptospirosis.9 A 

temporal association between heavy rainfall and human leptospirosis has been reported in 

many settings.810 " 1213 In PR in October 1996, following rainfall and a period of flooding 

generated by Hurricane Hortense, serum specimens of four patients with suspected dengue 

fever that were negative for dengue tested positive for Leptospira-speóftc IgM antibodies 

in a dipstick assay developed by the Royal Tropical Institute, Amsterdam, and used for 

research purposes at the CDC Dengue Branch. We hypothesized that leptospirosis was 

underreported in PR and that the 20 year old laboratory-based surveillance system used for 

dengue fever might detect another acute public health problem, namely, the increase of 

leptospirosis following heavy rainfall. 

Methods 
Patient selection. The CDC Dengue Branch receives serum specimens of suspected dengue 

patients from public health clinics, public and private hospitals, laboratories, and private 

physicians' offices throughout PR."1 '5 Sera are accompanied by a dengue case investigation 

form. Rainfall data from the National Oceanic and Atmospheric Administration showed an 
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unusually high rainfall in PR in September 1996: all six climate divisions had an increase 

averaging 6.6 inches (range: 2.5 to 14.4) higher than the historic mean (September 1960 

to 1990). Most (70%) of the total rain fell on September 10 and September 11, 1996.16 

All patients who had negative results in an anti-dengue IgM ELISA test (see below) were 

assigned to a prehurricane period or to a posthurricane period based on the dates of onset 

of illness. Review of signs and symptoms recorded on the dengue case investigation form 

was conducted for all of these patients. The extension of the posthurricane (POST) period 

was established by using the approximate duration of floods in PR (September 11 to 17, 

1996) and the range of the incubation period of leptospirosis (2 to 19 days).1 The POST 

period extended from September 13 to October 6, 1996 (24 days). The prehurricane (PRE) 

period extended from August 7 to September 12, 1996 (34 days), which allowed for the 

inclusion of an approximately equal number of dengue-negative serum samples as in the 

POST period. 

Laboratory testing. Dengue. Laboratory analysis of serum from suspected dengue patients 

was conducted according to procedures described elsewhere in detail.1517 In short, acute-

phase samples taken less than 6 days after onset of symptoms were tested for the presence 

of virus by methods described elsewhere.1819 Acute-phase samples that failed to demonstrate 

the presence of virus, or which were not tested, were termed indeterminate. All serum 

specimens collected in the convalescent phase, between 6 and 90 days after onset of 

symptoms, were tested for antidengue IgM antibody by the IgM antibody capture enzyme 

linked immunosorbent assay (MAC-ELISA).20 21 22 The presence of antidengue IgM is 

indicative of a dengue infection within the previous three months. If there was no significantly 

elevated IgM in these samples, they were considered negative for dengue and were used 

in this study. 

Leptospirosis. The LEPTO-Dipstick (LEPTO-DST) is a /.eptosp/ra-specific IgM antibody 

assay developed at the Royal Tropical Institute (KIT), Amsterdam, the Netherlands.23 Serum 

dilutions (1:50) were made in the reconstituted detection reagent, a human IgM-specific 

monoclonal antibody conjugated to a colloidal suspension of palanyl red.24 Dipsticks were 

wetted in distilled water to prevent direct adsorption of the detection reagent to the solid 

support and then incubated for 3 hours in the mixture of diluted serum and detection 

reagent. After incubation, the dipsticks were rinsed with tap water and air-dried. Staining 

intensity was observed at the two bands of the dipstick: the internal control (the upper 

band) and the antigen band (the lower band). A reddish-stained antigen band indicated a 

positive reaction and was visually scored (according to kit instructions) from 1+ to 4+, by 

one of the investigators (EJS). Serum samples that had a dipstick staining intensity of >2+ 

were considered positive for leptospirosis. Convalescent-phase serum samples were 

requested from LEPTO-DST-positive patients. The microscopic agglutination test (MAT) was 
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performed on convalescent-phase serum samples when available or on acute-phase serum 

samples from LEPTO-DST-positive patients, and on a systematic selection of the serum 

samples from LEPTO-DST-negative patients. LEPTO-DST-negative samples were listed and 

every third sample was selected for MAT testing. 

The presence of antibodies to various serovars of Leptospira interrogans was determined 

by the MAT.25 The panel of antigens included the following 21 serovars: ballum, canicola, 

copenhageni, icterohaemorrhagiae, bataviae, grippotyphosa, pyrogenes, autumnalis, 

pomona, wolffi, australis, tarassovi, georgia, alexi, cynopteri, mankarso, celledoni, djasiman, 

borincana, javanica, and bratislava. The antigens were 4-to 7-day-old live cells cultured in 

PLM-5 broth (Intergen Company, Purchase, NY)a and adjusted to the turbidity of a 0.5 

McFarland standard. Serial 2-fold dilutions of serum in PBS (50 ul/well), starting at 1:50 

( 1:100 after the addition of antigen), were mixed with an equal volume of antigen in 96-

well, flat-bottom tissue culture plates (#3596, Costar Corp., Cambridge, MA).a After the 

plates were incubated at room temperature (25°C) for 1.5 to 4 hours, the reactions were 

read by darkfield microscopy at 100X magnification. The reported titer is the reciprocal of 

the highest final dilution that agglutinated at least 50% of the leptospires relative to the 

buffer control. To provide a positive control for each antigen, homologous rabbit antiserum 

specimens were run in parallel with the patient serum specimens. 

In addition, Leptospira antigens in organ tissues obtained at autopsy from one LEPTO-

DST-positive patient were demonstrated by immunofluorescence.25 

Laboratory-confirmed leptospirosis was defined as an MAT-positive Leptospira 

agglutination titer >1:400 to one or more serovars, or demonstration of Leptospira by 

immunofluorescence in organ tissues. 

Results 
A total of 142 dengue-negative patients were included in the study. Five (7%) of 72 PRE patients, 

and 19 (27%) of 70 POST patients had a positive LEPTO-DST result. A convalescent-phase serum 

sample was obtained from 20 (87%) of 23 surviving LEPTO-DST-positive patients (interval between 

onset and convalescent-phase serum sample: mean, 25 days; range: 6 to 64). Confirmatory 

testing was performed on 65 serum specimens (24 LEPTO-DST-positive, of which 20 were 

convalescent-phase, and 41 LEPTO-DST-negative serum samples, all acute-phase). Nineteen 

(79%) of 24 LEPTO-DST-positive serum samples and 1 (2%) of 41 LEPTO-DST-negative 

serum samples were MAT-positive. Leptospira antigen was demonstrated in liver and kidney 

The use of trade names or commercial sources is for identification only and does not constitute 
endorsement by the Public Health Service or by the US Department of Health and Human Services. 
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tissues from one patient with a LEPTO-DST-positive sample (negative by MAT). Thus, 

leptospirosis was laboratory-confirmed in 21 patients. 

There were 44 MAT negative specimens; 40 of 41 LEPTO-DST-negative specimens (i.e. 

"true negatives"), and 4 of 24 LEPTO-DST positive specimens (i.e., "false positives"). The 

LEPTO-DST showed a sensitivity of 95% (20/21) and a specificity of 9 1 % (40/44), and 

concordance was 92% (60/65). Because of the good concordance between the dipstick 

and confirmatory testing, we accepted as leptospirosis negative all LEPTO-DST-negative 

samples that were not tested by the MAT. Therefore, 17 of 70 patients (24%) were 

laboratory-confirmed for leptospirosis in the posthurricane group, compared with 4 of 72, 

or 6% in the prehurricane group (relative risk = 4.4, 95% CI 1.6-12.4, figure 1). The four 

PRE patients were 2 men (ages: 24 and 38 years), and 2 women (ages: 48 and 52 years). 

The 17 POST patients were 16 males (age: median, 28 years; range: 13 to 64), and 1 

female (55 years old). One patient had a fatal case, a 31 year old man who had onset of 

illness on September 20, 1996. Time-period and sex-specific positivity for leptospirosis was 

Table 1. 

Characteristic Prehurricane Posthurricane Total 
n = 72 n = 70 n = 142 

No. of patients (%) No. of patients (%) No. of patients (%) 

LEPTO-DST-positive 1 5(7) 19(27) 24(17) 
Confirmed leptospirosis2 4(6) 17(24) 21 (15) 
Total males 40 (56) 46 (66) 86(61) 
Total females 32 (44) 24 (34) 56(39) 
Cases in males 2(5) 16(35) 18(21) 
Cases in females 2(6) 1(4) 3(5) 

1). Leptospirosis IgM dipstick 
2). Microscopic agglutination test (titer > 1:400 to one or more serovars) or positive immuno-

histochemistry in autopsy tissues. 

Characteristics of dengue-negative patients examined for leptospirosis, Puerto Rico, during a 
prehurricane period (August 6 to September 12, 1996) and a posthurricane period (September 13 
to October 6, 1996). 

5% (2/40) and 35% (16/46) for males, and 6% (2/32) and 4 % (1/24) for females in the 

PRE and POST period, respectively (table 1). 

Dengue surveillance results did not reveal an unusual pattern during the study period 

(figure 2). In 1996, laboratory results for 4651 suspected dengue cases in PR consisted of 

1903 (41%) positive, 2183 (47%) indeterminate, and 565 (12%) negative determinations. 

The number of suspected dengue cases increased from July to October, and the proportion 
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Figure 1: 

Number of confirmed leptospirosis cases by 
week of onset of illness, Puerto Rico, 1996. 

Figure 2: 
Laboratory diagnosis of suspected cases of 
dengue by month of onset of illness, Puerto Rico, 
1996, 

of dengue- positive specimens increased from July to November, corresponding with the 

seasonal pattern of dengue transmission in PR (figure 2). The proportion of specimens that 

were dengue-negative declined for August, September, and October: 13% (65/483), 12% 

(72/609), and 10% (68/714), respectively. 

Clinical findings noted in the dengue case investigation forms are presented in table 2. 

Table 2. 

Confirmed leptospirosis (n = 21) Leptospirosis -negative (n = 121) 
% 

95 

No. / resp.1 % No. / resp.1 

Headache 

% 

95 18/19 82 93/113 
Fever 94 17/18 92 106/115 
Body pain 94 17/18 83 92/111 
Chills 94 17/18 75 85/114 
Eye pain * 94 16/17 62 66/107 
Joint pain * 94 16/17 70 76/109 
Nausea or Vomiting 79 15/19 61 69/114 
Diarrhea * 75 12/16 43 49/113 
Cough 60 9/15 65 74/114 
Nasal congestion 42 5/12 57 62/108 
Jaundice * * 41 7/17 12 12/97 
Sore throat 40 6/15 60 66/110 
Rash 40 6/15 31 34/111 

(*p<0.04; * * pO.001 , by the two-tailed Fisher's exact test). 
1). The denominator excludes nonresponses. 

Signs and symptoms of patients with laboratory-confirmed leptospirosis and patients with leptospir 
negative results, Puerto Rico, 1996. 
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The most common complaints for both groups were fever, chills, headache, body pain, 

joint pain, nausea or vomiting, and eye pain. Clinical features significantly associated 

with leptospirosis were eye pain (RR = 1.5, 95% CI = 1.3-1.9), joint pain (RR = 1.4, 95% 

CI = 1.1-1.6), diarrhea (RR = 1.7, 95% CI = 1.2-2.5), and jaundice (RR = 3.3, 95% CI = 

1.5-7.2). For six (29%) of 21 laboratory-confirmed cases, leptospirosis was mentioned as 

a possible diagnosis in the remarks section of the dengue case investigation form. 

Specimens of 20 patients that met the criteria of MAT seropositivity (>1:400) were positive 

to between 2 and 8 different serovars. From most to least common serovar, patient specimens 

were positive to Copenhagen/ (80%), georgia (75%), icterohaemorrhagiae (70%), mankarso 

(70%), canicola (65%), bratislava (50%), autumnalis (40%), javanica (35%), ballum (25%), 

cynopteri (20%), bataviae (5%), pyrogenes (5%), tarassovi (5%), and a/ex/(5%). 

Forty-eight (62%) of the 78 island municipalities submitted dengue-negative serum samples 

during the period of study, and 18 (38%) of these 48 municipalities had at least one 

patient with confirmed leptospirosis. One municipality had two confirmed cases of 

leptospirosis in the POST period. 

Discussion 
This study demonstrates the potential of the dengue surveillance system to detect an 

otherwise unsuspected increase in leptospirosis incidence after hurricane-generated flooding. 

Flooding after heavy rains is particularly favorable to leptospires; it prevents animal urine 

from being absorbed into the soil or evaporating so leptospires may pass directly into the 

surface waters or persist in mud.13 The more than 4-fold increase in laboratory-confirmed 

leptospirosis in the POST period was attributable to male patients. It is conceivable that 

mostly males engaged in posthurricane relief work or played in flood waters and were 

thus at greater risk for infection. 

This study represents the first systematic analysis of a dengue surveillance system for detecting 

the occurrence of leptospirosis. Testing of relatively few dengue-negative serum samples 

revealed an island-wide occurrence of leptospirosis: 38% of the municipalities that submitted 

serum samples had at least one patient with confirmed leptospirosis. As in other countries, 

leptospirosis may be underreported in PR for the following reasons: lack of physician awareness 

of leptospirosis, absence of rapid diagnostic tests or laboratory facilities for the diagnosis of 

leptospirosis, and clinical similarity with dengue. In addition, in PR, physicians may be more 

aware of dengue because it is more common than leptospirosis. 

Evidently, leptospirosis is considered by physicians in PR in its severe form: in 6 (29%) of 

21 patients with laboratory-confirmed leptospirosis, leptospirosis was noted in the differential 

diagnosis on the dengue surveillance form. All six were severely ill, five were jaundiced, 

106 



Increase of leptospirosis in dengue-negative patients 

and one died. In PR in 1996, specimens were available from an additional 16 patients who 

died from suspected dengue; for 5 (31%), laboratory results diagnosed dengue, and for 5 

(31%) laboratory-results diagnosed leptospirosis (CDC - unpublished data). All patients 

with fatal leptospirosis cases had onset of illness during the period July - December, 

corresponding with the months of intense dengue transmission in PR. The majority of 

leptospirosis cases studied in the period 1948 to 1952 occurred during the seven month 

period July through January, correlating with rainfall.8 

Disease surveillance programs often do not have a direct role in patient management, 

since specimen collection, transportation to a laboratory, and laboratory investigations 

reguire too much time to provide feedback in the course of the disease. However, one of 

the system's functions is to provide feedback to physicians on the suspected diagnosis, 

thus contributing to knowledge of correct patient management and care. The results of 

our study indicate that leptospirosis, and therefore laboratory testing for its diagnosis, 

should be considered part of the routine work-up of febrile patients with jaundice, and in 

febrile patients with less specific symptoms but with a history of exposure to flood waters 

or animal contact. 

Combining testing for dengue and leptospirosis may help improve surveillance for 

leptospirosis. This outbreak could not have been suspected by looking at the proportion of 

dengue-negative samples for the period August through September. That a more than 

fourfold increase in leptospirosis cases among dengue-negative patients was detected 

shows the potential of the dengue surveillance system for identification of other diseases. 

Additional leptospirosis cases could have been captured through the dengue surveillance 

system if convalescent-phase serum samples from patients with indeterminate results for 

dengue had been sent for testing. 

The potential of rapid diagnostic assays (dipsticks) - not yet approved by the Food and 

Drug Administration - is substantial. However, since the test is negative in the first five-to-

six days of the illness, we recommend studies that evaluate clinical and laboratory algorithms 

for early differentiation of dengue from other febrile illnesses, including leptospirosis. 

A recent study of dengue in children in Thailand revealed that low absolute neutrophil 

counts and absolute monocyte counts were significantly associated with dengue and not 

with other febrile illnesses;27 28 leucocytosis was more common in nonsurvivors than in 

survivors in an evaluation of prognostic factors associated with mortality of leptospirosis.29 

Our study did not obtain information from patients with confirmed leptospirosis on specific 

activities prior to onset of illness. The likelihood that cases were associated with flooding is 

supported by reports of exposure in five patients and studies conducted in Barbados and 

Nicaragua that identified walking through ponds of stagnant water as the most important 

risk factor." 30 Hurricane predictions and predicting periods of extreme rainfall may be 
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helpful in sensitizing the population to the potential for exposure to leptospires following 

sustained floodings. Predicting flooding is now possible months in advance, particularly 

where El Nino has been determined to have a strong effect on regional rainfall patterns.31 

This study did not attempt to evaluate the sensitivity and specificity of the LEPTO-DST, 

which have been reported as 87% and 93%, respectively.23 Although we did not test all 

LEPTO-DST results against MAT, among preselected serum samples of LEPTO-DST positive 

and negative patients that were tested by MAT, we documented an almost similar 

performance. 

Given the wide range of serovar positivity, it is likely that many leptospiral strains are 

circulating in PR and are responsible for causing disease. Between 1948 to 1952, 6 different 

serovars were isolated from humans in PR and leptospirosis was found to be endemic. In 

addition, a high proportion of infected and serologically-positive animals were found in a 

limited survey of wild and domestic animals.8 In our study, many patients were positive to 

serovars most commonly found in rodents (such as copenhageni and icterohaemorrhagiae), 

but others were also positive to dog-associated (canicola) and pig-associated and horse-

associated (bratislava) strains. In 1980, serologic investigations of 116 stray dogs from 

several municipalities of PR revealed 73 (63%) with significant titers to predominantly 

serogroup icterohaemorrhagiae suggesting that the rat to dog and dog to dog cycles are 

the primary modes of transmission infecting canines in PR.23 The elimination of stray dogs, 

control of reservoir hosts (i.e. rats and mice), and the vaccination of pets are preventive 

measures that should be practised to help reduce the problem of leptospirosis. 

Leptospirosis is treatable with antimicrobial agents, including penicillin and doxycycline, 

and knowledge of this diagnosis may significantly reduce morbidity and mortality. Physicians 

in PR should consider leptospirosis in suspected dengue patients, especially in those with 

exposure to flood waters. Avoidance of exposure to flooding, use of protective boots, and 

chemoprophylaxis (doxycycline, 200 mg weekly) in the event of exposure in rescue work 

should be recommended.33 In our study, jaundice, eye pain, and diarrhea in dengue-negative 

patients were significantly associated with leptospirosis. In Barbados, patients who exhibit 

jaundice and accompanying thrombocytopenia are considered to have leptospirosis until 

proven otherwise.34 Since jaundice is relatively uncommon in cases of dengue, patients 

with jaundice and a dengue-like illness should be considered for early diagnostic testing 

for leptospirosis and for antibiotic treatment for leptospirosis until a laboratory-based 

diagnosis can be established. 
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It is questionable whether the process of disease surveillance is found useful, or 

attractive by the responsible health workers in sub-Saharan countries. Diseases 

under surveillance are just one of many problems, and often there is no immediate 

solution offered to the problem detected. In contrast, epidemiologists claim that 

surveillance is the most powerful mechanism to control infectious diseases and 

some also prove it. Necessary for many countries in sub-Saharan Africa is a realistic 

approach to surveillance. Instead of claiming that effective surveillance is 

indispensable to control infectious diseases, improvements should be made first in 

treatment of these diseases in addition to investments in public health programmes. 

Routine surveillance for infectious diseases should be limited to these programmes 

that offer effective interventions. 
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8.1 Yellow fever 
Since the late 1980s, there has been a resurgence of yellow fever (YF) in South America 

and sub-Saharan Africa. In South America, YF presently is exclusively sylvatic, and of nine 

endemic countries, six (Bolivia, Brazil, Colombia, Peru, Equador, French Guyana) reported 

outbreaks in the period 1993-1998. The potential for large-scale urban epidemics continues 

to exist in South America; Ae aegypti control programmes collapsed in the 1970s and Ae 

aegypti density and habitats have expanded since, in both urban and rural environments.12 

In Africa, both sylvatic and Ae Aegypti-bome epidemics occur. Of the 34 countries considered 

at risk for YF, ten reported outbreaks in the period 1993-98; all but one from west African 

countries.3 While periodic outbreaks of YF have been reported from Sudan (1940; 1959), 

and Ethiopia (1959; 1960-62; 1966), epidemic transmission has not been documented in 

Kenya, prior to 1992 (Chapter 2). Thus, epidemic YF is infrequent in East Africa. 

Only limited attempts have been made to define the incidence of endemic infection. It is 

likely that endemic yellow fever activity is geographically focal, that it varies considerably 

from year to year (due to vector-, host-, and weather-related factors), and that it causes 

thousands of unrecorded deaths annually in west Africa.4 5 Natural history studies of YF in 

Uganda - during a 30 year period - revealed that the disease is enzootic in most of central, 

south and west Uganda (Chapter 2), but human infections were infrequent, and rarely 

fatal. 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.6 Strains within a topotype show considerable genetic stability 

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

introductions. Studies documenting endemic YF are important because they support the 

rational for preventive immunisation. 

YF vaccination is the only effective public health option to prevent YF virus infection. YF 

vaccine immunity is presumed to be life long,a and revaccination is not a requirement of a 

national disease prevention strategy. To prevent an epidemic, the required prevalence of 

immunity is estimated to be between 80%-90%. At present, using 1997 figures, only 2 of 

34 countries (Côte d'Ivoire and the Gambia) considered to be at risk for YF infection in 

Africa, have achieved 50% immunisation coverage, while other countries reported a lower 

coverage.' In the absence of adequate vaccine immunity of the population most countries 

rely upon emergency immunisation programmes to control YF. Therefore, early recognition 

of YF cases through effective laboratory-based surveillance should be promoted. 

a For purposes of international travel, YF immunity after vaccination is certified for 10 years. 
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8.1.2 Yellow fever surveillance 

In addition to improved laboratory capacity to diagnose YF, WHO recommends the 

initiation of country-wide surveillance coverage, development of a sensitive syndromatic 

definition,7 1 and integration of YF with other surveillance initiatives (within 18 diseases0 

targeted for surveillance). 

Of 34 countries considered to be at risk for YF infection, eight have laboratories that are 

set up to monitor for YF virus and / or antibodies.3 Since 1994, participants from 21 African 

countries received training in how to perform an I g M ELISA assay for YF diagnosis8 9 - the 

routine test of choice - through workshops, which were given either exclusively for YF 

diagnostic techniques or in combination with polio diagnostic techniques.10 However, it is 

not clear to what extent the trainees are actually in the position to perform the test. It 

appears that training (and provision of reagents) in its present form is not sufficient to initiate 

laboratory-based surveillance for YF in many sub-Saharan countries. In addition, two of six 

west African countries reporting YF activity in 1996 and 1997 (Côte D'Ivoire and Nigeria), 

each with laboratory capacity for YF diagnosis, did not utilise existing laboratory facilities to 

confirm the diagnosis of suspected cases that occurred within their borders/ According to 

Tomori, countries do not utilise available laboratory capacity for YF diagnosis, because either 

they are not aware of the facilities or the laboratories are inaccessible to them.10 

A limiting factor in the effective surveillance of YF is the lack of an inexpensive and 

simple diagnostic test kit that can be used in field sites. To our knowledge no such kit for 

YF is presently under development, and the I g M ELISA assay remains the test of choice. 

Following YF workshop-based training, it is planned that participants will be supported to 

set up the I g M ELISA assay in their country. This requires both on-the-job training as well as 

establishing a quality control programme, which can be supported and supervised by the 

nearest laboratory with advanced capacity to diagnose YF. For confirmatory testing such 

laboratories need access to accredited reference laboratories. 

YF is a unique disease with a unique ecology and epidemiology. Because large parts of 

many countries are not likely to be at risk of YF transmission, it is not clear why WHO 

insists that YF surveillance should be carried out country-wide. To sustain surveillance in a 

limited geographical area considerable efforts are required already. Selective surveillance 

in high risk areas is needed, and sentinel centres should be well positioned to detect the 

emergence of YF from its endemic zone (Chapter 4)." 

The suggested 18 communicable diseases/syndromes include: Epidemic prone diseases (cholera, 
bacillary dysentery, plague, measles, YF, meningococcal meningitis, viral haemorrhagic fever); Diseases 
targeted for eradication, and elimination (dracunculiasis, poliomyelitis, and neonatal tetanus, leprosy, 
respectively) Other diseases of public health importance (diarrhoea (<5 yr children), pneumonia (<5 
yr children), HIV/AIDS, STDs, malaria, trypanosomiasis, tuberculosis, onchocerciasis.* (*not mentioned 
in WHO-AFRO strategy document). 
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A syndromatic definition for severe YF, usually based on fever, haemorrhages and jaundice, 

already exists, but may be further simplified. Surprisingly, the 18 diseases targeted for 

surveillance include both YF, and viral haemorrhagic fever (VHF). One clinical diagnosis of 

YF/VHF should be the preferred option for routine surveillance purposes at district level. 

The author shares Monath's opinion that the case definition of severe YF can be limited to 

jaundice." From an operational point of view, such a definition is relatively easy to 

communicate to peripheral level health workers. Active surveillance of YF in eastern Nigeria 

during a non-epidemic period (1970-71) provided evidence that between 2-5% of patients 

admitted with jaundice had YF.4 This implies that appropriate sample sizes are needed to 

reflect the probability that patients with jaundice in high risk areas will have yellow fever.11 

The potential to develop a syndromatic definition for mild YF will be limited; the majority 

of YF cases are mild, sub-clinical infections, and it will not be possible to distinguish mild 

cases of YF, from other febrile illnesses. 

It is questionable whether surveillance of 18 diseases can be conducted effectively. No 

examples have as yet demonstrated effective integrated disease surveillance in sub-Saharan 

Africa, and its development is likely to take time. It is to be feared that public health 

workers will look at YF surveillance as an issue that will be addressed following the 

implementation of a nationwide integrated surveillance programme, without realising that 

YF surveillance requires a specific approach with sentinel sites collecting specimens from 

all jaundiced patients. 

.1.3 Yellow fever surveillance in Kenya 
The delay in diagnosing YF in Kenya (Chapter 3) exemplifies ineffective routine disease 

surveillance and lack of laboratory-capacity to diagnose YF, typical of many sub-Saharan 

countries. In 1993, a laboratory-based sentinel surveillance programme for YF has been 

instituted at the Virus Research Centre of the Kenya Medical Research Institute (VRC-KEMRI), 

in Nairobi. The goal of the programme is to document ongoing transmission of YF virus in 

areas in, and around, the YF outbreak area (1992-93), and to facilitate epidemic preparedness 

through rapid diagnosis of suspected cases of YF. Following confirmation of YF transmission 

in humans, YF vaccinations should be administered to the population at risk for infection. 

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 (Chapter 4). Three (30%) of these 10 patients died; two had an unknown 

history and one had no history of YF vaccination. In the mass YF campaign in Kenya in 

1993 no vaccination cards were given for logistic reasons, limiting the ability to confirm 

the history of YF vaccination. One of the three fatal patients with confirmed YF (onset of 
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illness: March 1994), lived in Songhor, Nandi District, 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, 

seroepidemiological 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. 

Little is known of the safety and immunogenicity of YF 17D vaccine in HIV-infected 

infants and adults.12 Unpublished field observations of the mass YF vaccination campaign 

in Kenya included 4 patients who may have developed postvaccinal encephalitis in a period 

of two weeks following administration of YF vaccine. Two of these four patients had cases 

with a fatal outcome, a child of 6 months of age with a presumed negative HIV status, and 

an adult with AIDS, who died at home. These observations were recently used to suggest 

a higher incidence of central nervous system complications following vaccination with 17D 

vaccine than would have been expected from the previous literature.13 Despite the fact 

that tens of millions of doses of YF 17D vaccine have been administered in sub-Saharan 

countries since 1965, only 17 cases of central nervous postvaccinal encephalitis have ever 

been reported, of which 16 were relatively benign and without sequelae and 1 was fatal. '4 

Observations in Kenya were limited to hospital-based surveillance, other adverse effects 

were not documented and no information was available on prevalence of encephalitis in 

the population. Thus limited meaning can be attributed to these findings, especially because 

causes of death were not well documented. However, monitoring of adverse effects during 

mass campaigns deserves greater emphasis. This can be supported by provision of 

vaccination cards that contain instructions where to report to when ill in a period of two 

weeks following vaccination. 

In 1995, following reports of continued transmission of YF in and around the endemic 

area, YF vaccines were purchased, but not routinely administered,15 16 showing an inadequate 

public health response. Recently, however, a YF vaccination campaign was organised to 

increase YF vaccine coverage in the population of the districts affected in the 1992-93 epidemic 

(L. Dunster, personal communication). This area includes the current President's birthplace,17 

and it appears that 'political will' has been an important factor in the decision to immunise 

and sustain YF surveillance in Kenya. 

The laboratory-based YF surveillance programme would have benefited from a surveillance 

support system, i.e. a system that assists with the transportation of specimens from the 

periphery to the central level. However, no such system functions effectively in Kenya, and 

specimens had to be collected by a centrally based 'YF team'. Consequently, sentinel 

surveillance sites waited till the YF team from Nairobi visited the health facility to collect 

specimens form suspected YF patients (which were kept frozen in the health facility). Visits 
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were usually made once every six weeks, limiting the ability to early detect epidemic 

transmission of YF. 

In 1997, Senegal set up a sentinel surveillance system including 70 sentinel sites which 

uses filter paper discs for collection and transportation of blood samples.18 ' This technique 

is inexpensive and specimens can be mailed to the laboratory. In 1993, when sentinel 

surveillance in Kenya was initiated, we were not aware of this technique. In a recent East 

African RVF investigation filter paper discs collected by one team did not seem to réhydrate 

in diluent for some reason, while for most other strips meaningful results were obtained 

using I g M and IgG ELISA tests. (R. Swanepoel, personal communication). Filter paper discs 

are an excellent tool for effective, timely YF surveillance, and further research is required to 

assess its value as compared to traditional blood collection methods. Such research may 

not be very exciting but deserves strong support. 

The following lessons can be learned form the institution of the YF programme in Kenya. 

First, investments are necessary to establish a functional YF/VHF laboratory. Alternatively, 

existing laboratory capacities could be shared and better used. The development of HIV/ 

AIDS research facilities in many developing countries may allow for such collaboration. The 

notion should be promoted that research programmes should seek opportunities to 

collaborate in public health surveillance. One such opportunity was not used in the period 

1993-95; a viral hepatitis B research programme, located next to the YF laboratory, 

constituted a potential source of specimens of jaundiced patients that could have been 

tested for anti-YF virus antibodies. 

Second, networking is crucial to establish a YF surveillance programme. Sentinel surveillance 

sites need to be established and patterns of communications with them established. Although 

YF surveillance may be initiated by local and / or central health authorities, the initiative 

usually rests with a laboratory with diagnostic capacity for YF. Supervision of health workers, 

provision of results to the appropriate health authorities, and follow up of reported cases are 

tasks that lay outside the responsibility of laboratory-based health workers. The difficulties of 

these tasks are often insufficiently addressed when a surveillance programme is initiated, 

and justify posting of epidemiological support staff at the laboratory. It is important that 

these persons facilitate the connection between health authorities at central and at peripheral 

level, NGO health facilities, and the laboratory. An alternative source of support could be 

obtained from the immunisation programme. The National polio laboratory is usually located 

at a Virus Research Centre and collaboration with the YF surveillance programme in terms 

of transportation of specimens and provision of feedback of results should be promoted. 

Third, research partners (both in-country and overseas) need to be identified. An active 

surveillance programme should conduct studies of endemic YF transmission involving 

humans, through surveys of febrile patients or through sero-prevalence surveys, which 
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may use aliquots of human sera kept in serum banks. In Kenya, such studies should be 

conducted in areas adjacent to the outbreak area {Chapter 3 and 4). Studies to elucidate 

YF maintenance cycles (natural vertical transmission; vertebrate hosts)19 in Kenya appear 

to be of secondary importance. They are costly in relation to their significance from a 

public health point of view. 

In summary, YF is an infrequent disease in East Africa, its case definition may be simplified 

to jaundice only; surveillance should be focussed on areas at risk for infection, conducted 

at sentinel sites, and include studies that attempt to determine endemic YF transmission. A 

surveillance programmes should start small and the establishment should preferably be 

initiated through collaboration with existing research activities, and public health 

programmes. Research to assess simple blood specimen (e.g. filter paper discs) collection 

and transport methods should be promoted. 

8.2 O'nyong-nyong fever surveillance 
O'nyong-nyong (ONN) fever, caused by infection with a mosquito-borne central African 

alphavirus, is an acute, nonfatal illness characterized by polyarthralgia. Epidemics of ONN 

fever have been documented twice in Africa (1959-62; 1996-97). The disease is not listed 

in routine surveillance systems. 

In 1994 and 1995, in west Kenya, expanded sentinel YF surveillance activities revealed 

renewed activity of ONN virus: almost a third of the febrile in-patient population had a 

recent alphaviral infection (32% and 29%, respectively; Chapter 4). The observation of 

recent ONN viral infections in Kenya was particularly interesting, since these infections 

occurred two years before transmission in epidemic proportions was recognised in Uganda. 

A population based seroprevalence (n=244) survey was used to estimate infection and 

attack rates of ONN fever in Uganda {Chapter 5). Large differences in infection and attack 

rates between ONN fever-affected study sites and comparison sites were documented. These 

marked geographic differences in human infection rates presumably reflect the relative 

proximity to the larval habitat of An. funestus, the most likely primary vector of ONN virus in 

this epidemic.20 

Results of seroprevalence studies in Kenya and Uganda {Chapter4 and 5) were inconclusive 

with regard to the inter-epidemic transmission of ONN virus. If ONN virus was highly endemic 

in both areas during the inter-epidemic period, then an increasing prevalence of ONN virus 

infection associated with increasing age would be expected among persons born after the 

previous ONN fever epidemic had ended (1962). In both studies, no significant age trends 

of ONN seroprevalence were demonstrated, suggesting a low level of ongoing endemic 

transmission in the area. 
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Detection of ONN fever has very little meaning for patient management and only remote 

implications for public health. ONN fever usually does not require hospitalisation and only 

supportive treatment can be offered. The diagnosis requires diagnostic facilities available 

only in virological laboratories, and with the possible exception of the routine use of mosquito 

bed nets, no practical measures currently exist for the prevention and control of ONN fever. 

Ideally, the public health response to a suspected epidemic of ONN fever or other viral 

illness would include sophisticated and timely laboratory support, both to confirm the 

etiologic agent and to help track the epidemic geographically and temporally. Unfortunately, 

in most sub-Saharan countries, strong laboratory support for epidemic investigations is 

often either unavailable or not available in a timely fashion. For this reason, we evaluated 

various purely clinical case definitions of ONN fever for public health surveillance purposes 

(Chapter 6). The combination of fever, polyarthralgia, and lymphadenopathy is associated 

with the best combination of specificity (83%) and sensitivity (61 %). Obviously, because of 

its limited sensitivity and specificity, such a definition may be useful as an epidemiologic 

tool but has little or no place in the clinical diagnosis or management of individual patients. 

In summary, detection of ONN fever has little meaning for patient management; 

investigations of epidemic ONN fever showed large differences in infection and attack rates 

between ONN fever-affected study sites and comparison sites; the public health response to 

an ONN fever epidemic should be ascertainment of the geographic distribution and movement 

of the epidemic; and a clinical case definition of ONN fever may be useful as an epidemiologic 

tool, but has little or no place in the clinical diagnosis or management of individual patients. 

8.3 Leptospirosis surveillance 
Leptospirosis is endemic in most tropical countries and may be mistaken for dengue or 

dengue haemorrhagic fever, in areas where both occur.2' n In 1994, the last year national 

surveillance was required for leptospirosis, 22 of the 38 reported cases in the United States 

occurred in Hawaii, and 2 cases were reported from Puerto Rico (PR).23 

Leptospirosis has rarely been reported in PR, although in the period of 1948 to 1952, 

208 cases of leptospirosis and an island-wide seroprevalence of antibody to Leptospira of 

14% were documented.24 Our study demonstrates the utility of a dengue surveillance 

system to detect an epidemic of leptospirosis, which otherwise, most likely, would have 

gone unrecognised (Chapter 7). Eighteen (86%) of 21 confirmed patients were male, 

including one patient who died. Further testing of specimens of an additional 16 suspected 

dengue fatalities, with onset of illness in 1996, revealed 5 patients who had laboratory 

confirmed leptospirosis, while in five other patients laboratory results confirmed dengue. 

This high proportion of leptospirosis in presumptive fatal dengue cases was unexpected. 
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A similar proportion of leptospirosis among fatal dengue cases was demonstrated in 1997.25 

Severe leptospirosis has a significant risk of fatal outcome, which can be prevented by 

early use of appropriate antibiotics. Our study shows that jaundice, eye pain, and diarrhoea 

in dengue-negative patients was significantly associated with leptospirosis. Because jaundice 

is relatively uncommon in cases of dengue, patients with jaundice and a dengue-like illness 

should be treated for leptospirosis until proven otherwise. 

One of a surveillance system's functions is to provide feedback to physicians on the 

suspected diagnosis, thus contributing to correct patient management and care. Results 

from our study suggest that leptospirosis in PR is a significant public health problem. Clearly, 

differential diagnostic studies as part of the dengue surveillance programme will contribute 

to greater awareness of leptospirosis among clinicians and public health workers in PR. 

Thus, from a public health point of view, leptospirosis surveillance should be added to the 

existing surveillance system of dengue fever. 

As in many countries where leptospirosis is endemic, no laboratory test for leptospirosis 

is available in PR. The leptospirosis dipstick assay (LEPTO-DST)26 measures /.epfosp/ra-specific 

IgM antibodies which are usually detectable from day six or seven following disease onset. 

It is simple to perform, provides a result within 3 hours and can be conducted in situations 

where there is no laboratory. 

The LEPTO-DST has not yet been submitted for approval to the Food and Drug 

Administration, since it has been introduced only quite recently. CDC should study its 

performance as compared to classic diagnostic tests. If comparable, it should promote its 

registration and wide scale introduction for routine use as soon as possible. 

Kuno ef a/, (at CDC) evaluated an IgM immublot kit for dengue diagnosis.27 The kit was 

not recommended in its present form, but with further proposed technical modifications a 

sensitivity and specificity were obtained of 80.3% and 94.5%, respectively.27 These results 

are comparable to those obtained with the anti-dengue IgM ELISA,28 the routine test of 

choice, and wide application of the kit in diagnostic laboratories is foreseeable. 

Introduction of rapid dengue diagnostic assays to health facilities will minimise the need 

to submit specimens for dengue diagnostic testing in the future. In this respect, CDC may 

want to promote a new role of the laboratory-based dengue surveillance system in PR. 

Surveillance for dengue can be maintained through a sentinel programme that focuses on 

dengue, and dengue haemorrhagic fever (DHF). Sentinel surveillance for dengue will thus 

have a signal function for the presence of dengue activity in PR. Quality control of dengue 

diagnostics kits will be an essential component of this sentinel programme. In addition, 

and because physicians will be likely to utilise rapid diagnostics for multiple antigens, 

differential diagnostic testing of specimens submitted to the dengue laboratory will be a 

necessary function of the laboratory. 
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Surveillance of leptospirosis will fit perfectly in a new role of the dengue surveillance 

system. Diagnostic testing for leptospirosis should be conducted at health facilities. Public 

health surveillance for leptospirosis, with the aim to detect a significant increase of 

leptospirosis in PR, however, can be conducted through testing of specimens negative for 

dengue. Surveillance of suspected fatal dengue and DHF patients receives substantial 

attention for various reasons in PR. Similarly, specimens from these patients should also be 

tested for leptospirosis. The island-wide surveillance system for acute febrile illnesses in PR 

is a unique public health effort which is currently under-utilised. Adaptations to a different 

role are necessary. 

In summary, health facility-based leptospirosis surveillance (through commercially available 

diagnostics), supported by a programme that investigates leptospirosis in dengue negative 

specimens and reported fatal cases of dengue or dengue haemorrhagic fever, will most 

probably contribute to increased knowledge of leptospirosis and improved patient care in 

PR. Patients with jaundice and a dengue-like illness should be treated for leptospirosis until 

proven otherwise. 

8.4 Managing infectious disease surveillance 
The eradication of smallpox has demonstrated that surveillance is an indispensable tool 

to serve programme objectives.29 Management, by definition, is the technique of controlling. 

A surveillance system consists of three components, i.e. data collection, data analysis, and 

response; effective management implies control over these three components. 

In the dengue surveillance system in PR, CDC manages data analysis, which includes 

laboratory testing of specimens, and the PR Health Department manages collection and 

transportation of specimens from suspected dengue patients, and response to dengue 

activity on the island. The main goal of the programme is to facilitate effective dengue 

control, which is principally based on source reduction through the elimination of breeding 

sites of Aeaegypti vectors.30 Presumably, laboratory-based information on dengue activity 

is the stimulus to generate community action, such as clean up campaigns, to eliminate 

breeding sites. Thus, the 'dengue public health programme'1 consists of a laboratory-

component and a community component to dengue activity. 

The question is how much laboratory-based information on dengue activity is required to 

facilitate the implementation of dengue control measures? The time between onset of 

disease illness, specimen transportation to the laboratory, and availability of test results 

Secondary outcomes of the dengue surveillance programme, e.g. health worker education in correct 
management of dengue, and DHF, the role of dengue virus detection, and entomology research will 
not be discussed. 
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averages 3-4 weeks, but may routinely range from 1-7 weeks (CDC - unpublished 

information). Morrison ef a/, showed that the temporal evolution of a dengue epidemic in a 

small village in PR was rapid, and affected a wide geographic area within seven weeks of the 

first reported cases of the season.3' In Singapore, where dengue control is strictly regulated 

and includes law enforcement, source reduction of dengue vectors has been extremely 

successful. Despite these efforts, epidemic dengue transmission continued to occur.32 

Morrison et al. recommend the implementation of dengue control measures to the entire 

municipality, rather than to areas immediately surrounding houses of reported cases.31 

Given that rapid response to reported cases of dengue, in- and out-door spraying, and 

successful elimination of Ae aegypti breeding sites in Singapore does not lead to prevent 

epidemic dengue transmission, it is questionable whether this recommendation will yield 

any effect. Studies are needed to establish whether or not the experience in Singapore 

also applies to the situation in PR, before any intervention to interrupt dengue transmission 

is recommended. 

In PR, effective response to dengue activity has not been documented,33 and the impact 

of the dengue public health programme on dengue transmission is questionable. The 

dengue programme has not been able to evaluate its performance, because components 

of data collection, analysis, and response function relatively independently, and are not 

controlled by one authoritative body. The crucial question is whether surveillance contributes 

to the control of infectious diseases. Because an effective intervention to stop dengue 

virus transmission does not appear to exist, presently, the role of surveillance to control 

dengue should not be over-emphasised. 

Routine surveillance should be promoted only for those diseases for which an effective 

intervention for its control can be offered through a public health programme. Therefore, 

it is tempting to promote the implementation of disease specific, vertical, programmes for 

prevention and control of YF, and leptospirosis. 

Vertical programmes, characterised by a top-down infrastructure, of which surveillance is 

an essential component, facilitate the implementation of control measures. However, these 

programmes are often donor-driven,34 i.e. sustainable through significant external financial 

input, and usually focus on a single disease. The Global polio eradication initiative has been 

criticised by Taylor et al. for concentrating on one disease only, acquiring public health 

funds that can not be spent on other issues, and for excessive 'top-down pressure' generating 

negative feelings about repeated visits for only one purpose.35 Lee era/, reject this criticism 

because the purpose of polio eradication is to rid the world of a crippling disease, and 

strengthening of health services should be a secondary gain.36 

Diminishing resources to sustain vertical programmes, and duplication of public health 
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efforts, do not justify the promotion of disease specific surveillance programmes in 

developing countries. Thus, surveillance for YF, and leptospirosis should be integrated 

within a broader context of infectious disease surveillance. 

At present, health sector reform0 aims at decentralised, and integrated health services 

at district level in most sub-Saharan countries. This implies that funds for infectious disease 

control will become increasingly available at district level. With respect to disease surveillance, 

systems of data collection, analysis, and response will be handled by the district health 

authorities. 

Sufficient expertise at district level may not exist to direct integrated infectious disease 

surveillance. Integration may jeopardise the strength of existing programmes, because 

some central level coordination is required to maintain and monitor the standards of 

performance of effective control programmes. For example, this concern is expressed by 

Becx and Broekmans with respect to tuberculosis (TB) control.37 In spite of these reservations 

YF surveillance should be conducted within a multi-disease surveillance programme, including 

other epidemic prone - and vaccine preventable - diseases, such as meningitis, measles, 

and polio. To our knowledge, no such programme is currently operational in sub-Saharan 

Africa, and there is ample evidence, hereunder presented in brief, that the development of 

an integrated infectious disease surveillance system is a difficult process. 

For most health workers in sub-Saharan Africa the process of surveillance is not likely to 

be very useful or attractive. Apart from the worrying lack of supervision and feed back, 

effective medication for many diseases is often not available. Van Lerberghe ef a/, described 

this wryly: "the problem is that the vicious circle of low quality, low staff morale, low 

confidence and inadequate funding has been going on for so long that many professionals 

and users no longer can imagine that a hospital or health centre can work in a different 

way."38 In order to increase the motivation of peripheral health staff to carry out surveillance 

curative services (and diagnostic services) need to be improved at district level. 

Decentralisation in all its aspects is incompatible with infectious disease surveillance for 

those diseases that require laboratory testing. Because limited laboratory capacity will be 

available at district level, disease surveillance will primarily depend on clinical recognition 

of diseases. A two year study among US Navy physicians in south Vietnam showed that 

epidemiologic data and laboratory reinforcement of clinical impressions resulted in a marked 

improvement in the accuracy of the attending physician's clinical diagnosis as the study 

Decentralisation can generally be defined as the transfer of responsibility for planning, manage
ment and resource raising and allocation, away from the central government to district level. The 
dynamics of decentralisation involve a restructuring of the state system that has significant implications 
for systems of political domination, access of groups to the centres of decision-making, and the 
character of public policies (Paul Hutchinson, World Bank: unpublished data). 
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progressed.39 Standardisation of case definitions, training in clinical case diagnosis and 

management, and supervision of health workers are labour intensive, and costly tasks, 

especially when training concerns more than one disease. 

A recent assessment of infectious diseases surveillance systems in Tanzania (Joint mission 

report MOH, USAID, CDC, and WHO, EHP Activity 490CC, 1999) showed the presence of 

five health facility-based infectious diseases surveillance systems. These include: the National 

Health Management System, the Infectious Disease Week Ending system, systems for 

surveillance of HIV/AIDS and STD, TB and Leprosy, and acute flaccid paralysis (AFP). Standard 

case definitions have been established for only 3 of the 21 diseases reportable under the 

first two surveillance systems, and even these were not available at most of the health 

facilities visited by the assessment team. Little appreciation of the meaning or methods of 

data analysis was found at health facilities visited. Most sites (61 %) report that they analyse 

data for the health management information system. Observations by the assessment 

team, however, found that data are primarily aggregated by demographic category only 

for the purpose of reporting. Only one-third of sites aggregate data by patient's location 

and even fewer do so by time. The investigation confirmed that implementation of the 

various systems, with possible exception of the TB/Leprosy system, has been significantly 

handicapped by the lack of adequate resources of al kinds. This assessment shows the 

need for integration clearly, but also confirms the presence of failed introductions of 

competing public health programmes. Implementation of an integrated infectious disease 

surveillance system will require time and long term technical and financial support. 

A recent inventory of surveillance in the EU, Norway and Switzerland revealed similarities 

with routine surveillance systems in sub-Saharan Africa, both in number of notifiable diseases, 

and the ability to detect and respond to outbreaks.40 The number of diseases and pathogens 

subject to statutory notification averaged 39.5 (range: 22 in France, 80 in Finland), 17 

countries6 use the postal service to send data to the national level institution, in 9 countries 

case definitions exist for all diseases subject to statutory notification, and 5 countries have 

protocols for field investigations for more than one disease. The ability of routine surveillance 

in the EU to respond to outbreaks is low. However, in addition to routine surveillance 

systems, non-statutory surveillance systems (NSSS) collect information on specific diseases 

or syndromes. The number of NSSS in individual countries ranges from 1 to 20. For instance, 

the Netherlands has 7 NSSS. Pending standardisation of case definitions, surveillance within 

the EU will increasingly consist of these NSSS networks. Given that infectious disease 

surveillance in most developed countries will increasingly consist of disease specific networks, 

which are usually driven by disease specific research groups,41 42 43 it may be particularly 

For the purpose of the inventory were considered as one geographic area / country: England and 
Wales; Scotland; Northern Ireland; the Flemish community, and the French community of Belgium. 
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difficult to promote integrated surveillance in sub-Saharan countries. In other words, disease 

specific networks -in addition to routine surveillance- appear to be an indispensable tool 

for monitoring and control of communicable diseases in the EU. There is no reason to 

suppose that this does not apply to sub-Saharan countries. Active disease specific surveillance 

will be necessary for the monitoring and control of control infectious diseases in sub-

Saharan countries, in addition to routine integrated disease surveillance. 

The Adult Morbidity and Mortality Project (AMMP) in Tanzania determined a high number 

of deaths (84% in Morogoro District) that occurred at home, without any contact with 

health facilities in the month prior to death.44 45 AMMP follows prospectively more than 

300,000 individuals from urban, affluent rural, and poor rural settings in three sentinel 

districts in Tanzania. Information is obtained through verbal autopsies conducted at the 

household level. Obviously, health facility-based surveillance only detects the tip-of-the-

iceberg of the infectious disease problem, because a large proportion of the population 

does not, for a variety of reasons, report to a medical facility, when ill.46 47 In Morogoro, 

among men (aged 15-59 years) acute febrile illness counted for most deaths (14.2%) 

followed by HIV/AIDS (14.1%), showing the need for improved infectious disease control. 

Despite these limitations of health facility-based reporting, it is the only option for routine, 

nationwide, disease surveillance. The question remains: how can integrated health-facility 

based infectious disease surveillance be developed at district level? 

Integrated disease surveillance has been reported for a group of vaccine-preventable 

diseases limited to one state in India (Tamil Nadu; population: 5 million).48 The system 

collects data through stamped notification cards, and information is analysed on a daily 

basis. Immunisations are offered on a routine basis and upon detecting outbreaks. The 

project, managed by public health researchers, and financially supported by a private 

institution, maintains health facility-based disease surveillance in addition to routine reporting 

systems. The study confirms that when the system of response is controlled by a body that 

also collects and analyses the data, disease surveillance can be managed effectively. 

The claim of the authors that their project could be a model for developing countries 

should be put in perspective. In much of sub-Saharan Africa health officers, who often lack 

basic epidemiologic skills, conduct disease surveillance, while more senior officers, who 

often lack analytical skills, should initiate responses. A survey among 25 mid-level health 

managers from developing countries showed that 12 did not know how their particular 

programme had performed in the previous year.49 Another study, among 21 Master of 

Public Health course participants from sub-Saharan Africa, revealed that individual coping 

strategies of doctors, include frequent attention of courses, and private practice. This 

potentially affects health services and the quality of routine disease surveillance, through 

reduced availability of staff.50 
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A recent WHO-AFRO initiative (Joint proposal for integrated disease surveillance (IDS)b 

and epidemic preparedness and response in the African Region; October 1998, Harare, 

Zimbabwe) aims at establishing effective surveillance systems in 18 sub-Saharan countries. 

IDS is vertically organised. The budget (allocated from the USAID) is over $43 million for 

the next five years. An IDS unit, based at Regional level (WHO-AFRO), will be the focus for 

the implementation of IDS. 

IDS aims to identify a wide range of surveillance aspects requiring improvements. For 

example, IDS plans to assess the national communication capacity and establish a country's 

communication needs (the project considers providing radio sets in selected remote localities 

where there is no alternative communication support); the national laboratory capacity will 

be strengthened and basic equipment and reagents will be supplied; there will be a national 

disease surveillance body established and a focal person will be assigned for IDS. An 

important component will be based on social mobilisation: all stakeholders (private health 

practitioners, NGOs, and government agencies) shall be targeted for mobilisation to promote 

continuous collaboration. 

Several questions arise. Will IDS be mandated to revise or replace existing surveillance 

systems? What internal and external resources can be identified to sustain IDS? IDS appears 

to strengthen predominantly surveillance structures at regional and at national level. Can 

IDS support the development of integrated surveillance systems at district level? How can 

IDS promote participation of NGOs? NGOs have become a major partner in health care 

delivery,51 usually offering independent health services.52 However, the lack of support 

and supervision offered by the Government, may jeopardise potential participation of NGOs 

in IDS. 

Carrin ef a/, argue that governments have become the smallest providers of health care 

in many sub-Saharan countries. A structure that fosters greater participation of NGOs in 

disease surveillance need to be initiated. Given that NGOs operate in areas where 

communications with district level health authorities are difficult, participation in one district-

based surveillance system will take time. 

The odds are against full implementation of IDS. Lack of laboratory support of clinical 

diagnosis, worrying level of curative services, absence of supervision and training, and 

independent NGO health care services make the ongoing, routine analysis of disease 

information an unattractive, and probably unreliable, service of district level health staff. 

On the positive side: IDS is an attempt to revise routine surveillance systems, which have 

been mostly ineffective, and integrate the revision with disease specific surveillance systems. 

These have been criticised rightly for duplication of public health efforts. IDS, in its present 

form, however, may not be ready for implementation. 

It is to be feared that implementation of a nationwide integrated surveillance system, 
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both for detection of epidemics and for the purpose of programme evaluation will 

overestimate the potential of routine district level disease surveillance, in sub-Saharan Africa. 

IDS is grouped into four categories: epidemic prone diseases, diseases targeted for 

eradication, diseases targeted for elimination, and other diseases of public health 

importance."f Limitations of health facility based surveillance data should be well explained 

to district health staff. Most diseases included in IDS require an active surveillance approach, 

e.g. case detection at community level, and case<ontact tracing forTB. Furthermore, diseases 

included in IDS may be country, and region specific and its public health priority should be 

established by national and district level health authorities. Routine health facility-based 

surveillance should not prevent health staff, based at the multi-disease surveillance unit at 

district level, to conduct active disease specific surveillance in order to control and prevent 

infectious diseases. 

Berkelman ef a/, emphasise that the most important function of a surveillance system is 

to identify changes in disease occurrence.53 In order to be able to do this effectively -data 

need to be analysed by person, place and time- the system should not be overburdened. 

Rather, it may be preferable to carefully select a number of diseases on which surveillance 

is to be carried out. For instance, effective surveillance for meningitis should consist of 

weekly analysis of meningitis surveillance data to detect the epidemic threshold of 

meningitis.9 54 If this analytic capacity is not available meningitis surveillance will not lead 

to epidemic control. This was demonstrated when the effect of a delayed response to a 

meningitis epidemic was evaluated. The vaccination campaign in Nigeria (5.1 million people 

vaccinated) started more than six weeks after the epidemic threshold had been passed and 

showed a marginal (<3%) effect in terms of cases prevented.55 Thus, adequate surveillance 

on a limited number of diseases is to be preferred above surveillance of questionable 

quality of many different diseases. 

Non-standardised collection of disease data does not support meaningful evaluation of 

prevention and control programmes. For instance, the collection of information on malaria 

morbidity not supported by a parasitological diagnose will not be very helpful to evaluate 

the public health impact of malaria. Sentinel surveillance of malaria including blood smears, 

however, in areas with different malaria transmission, supervised by malaria investigators, 

is likely to provide reliable information to support malaria control. Collection of data on 

Antimicrobial resistance on malaria, TB, S. dysenteriae type I, chancroid, gonorrhoea, and pneunomia 
(S.pneumoniae, and H. influcenzae) will also be followed in sentinel laboratories to document 
resistance patterns. 

Retrospective analysis of weekly meningitis rates determined the potential of a threshold of 15 
cases/100.000 population/week, averaged over 2 weeks, to detect epidemics exceeding 100 cases/ 
100.000 population per year. 
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diarrhoea and pneumonia mortality are to be preferred, initially, above collection of morbidity 

data for these diseases, which are more likely to be unreliable if not collected in a 

standardised way. Although active surveillance of HIV/AIDS will be more costly, such 

surveillance conducted in defined populations upon request of, and in collaboration with, 

district health authorities will provide better information than routine, ongoing, passive 

surveillance conducted within IDS. Routine surveillance should be limited, initially, to vaccine 

preventable diseases, and a few other diseases for which effective control has been 

maintained, or can be instituted shortly. 

In order to support district level disease surveillance, both at government and at NGOs 

health facilities, a National Surveillance Support Centre (SSC) could be established jointly 

by the government, NGOs, and International Health agencies. Principle functions of SSC 

are to support implementation of IDS both at NGOs and government health facilities. An 

office at central level, will support surveillance conducted by those NGOs that are unable 

to participate in district level surveillance, and support peripheral level officers, who will be 

based at the multi-disease surveillance unit at district level. 

The establishment of SSC, however, does expect unprecedented collaboration and 

commitment from the government, international agencies, and NGOs, and will face a 

number of management challenges. What will be SSC's mandate and its line of command? 

What will be the operational size? How can commitment be ensured of NGOs? What will 

be its financial basis? 

Because infectious disease surveillance will be essential and beneficial to all health 

programmes, financial support to establish SSC could be requested from the MOH and 

donors supporting these health programmes. It is a challenging option to make such 

contributions mandatory and introduce the notion of 'surveillance tax', i.e. a yearly 

contribution to support disease surveillance. 

8.5 Final remarks 
Similarities exist between routine surveillance in the EU and sub-Saharan countries, both 

in number of notifiable diseases and the ability to detect outbreaks. However, surveillance 

within the EU will increasingly consist of disease specific networks which -often driven by 

disease specific research groups- are maintained in addition to statutory reporting systems. 

Improved interactions between statutory and diseases specific reporting systems in the EU 

will contribute to improved infectious disease surveillance. 

Without any doubt, district level infectious disease surveillance in Sub-Saharan countries 

needs improvement. It is questionable, however, whether implementation of a nationwide 

IDS supports this improvement sufficiently, because each disease requires a specific approach. 
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For instance, effective YF surveillance requires action in areas at risk for YF transmission. At 

selected health facilities, health workers need to obtain specimens of patients with jaundice, 

fill out some patient information, and arrange transportation of specimens to a centrally 

based laboratory. It is to be feared that the concepts of IDS overestimates the potential of 

routine district level surveillance in sub-Saharan Africa both for the detection of outbreaks 

and for impact evaluation of control programmes. 

Similar to developments in the EU, active disease specific surveillance in sub-Saharan 

countries should be promoted in addition to routine integrated disease surveillance. In this 

respect, research institutes often supported by external partners, are encouraged to play a 

more significant role in public health surveillance in sub-Saharan countries. In turn, district 

health authorities are encouraged to request help from research institutions available at 

country-level. Studies included in this thesis show the potential for such collaboration. 

Surveillance is a management process. Supervision and support of peripheral level health 

workers in carrying out surveillance tasks is crucial to maintain their mot ivat ion. 

Demonstrating that the information obtained is used to undertake action is of equal 

importance. However, given that poverty, under-development, and inadequate curative 

services will work against effective management of infectious disease surveillance in 

developing countries, expectations should be modest. 
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Summary 
Surveillance is the ongoing systematic collection, analysis, and interpretation of health 

data for use in the planning, implementation, and evaluation of public health practice. An 

essential component of surveillance is the timely dissemination of these data to those who 

need to know, and the application of these data to prevention and control. Therefore, a 

surveillance system should consist of three components: data collection, analysis, and 

response. These components should be linked. In developed countries, epidemiologic 

expertise, laboratory capacity, and electronic transfer of information, can make infectious 

disease surveillance effective. In contrast, most sub-Saharan countries lack laboratory capacity 

at district level, few health workers master epidemiological skills, and channels of 

communication between district and central levels are often inadequate. Thus, in most 

developing countries infectious disease surveillance at district level is usually ineffective 

(Chapter 7). 

Chapter 2 reviews the literature on yellow fever (YF) in East Africa. YF is an arthropod-

borne viral haemorrhagic disease. Three different transmission cycles (forest, intermediate-

type, and urban) are known, leading to the same clinical disease. Clinical infections in 

humans range from inapparent infections to malignant forms, with case-fatality rates 

approximating >20% in patients with jaundice. Periodic outbreaks of YF have been reported 

from Sudan (1940; 1959), Ethiopia (1959; 1960-62; 1966), and Kenya (1992-93), but not 

from Uganda, where YF virus was first isolated from a human in 1941, and lastly in 1964. 

All YF epidemics in East Africa occurred within an endemic transmission zone that was 

delimited by sera surveys conducted between 1933 and 1943. 

Chapter 3 reports on investigations conducted following the first documented outbreak 

of YF in Kenya, in 1992. Cases of suspected YF were identified through medical record 

review and hospital-based disease surveillance by using a clinical case definition. We 

documented 55 persons with haemorrhagic fever (HF) from three districts of the Rift Valley 

Province in the period of September 10, 1992, through March 11, 1993 (attack rate: 27.4/ 

100,000 population). Of 29 (53%) of the HF cases no specimen was available. The remaining 

26 (47%) had serologic evidence of recent YF infection, and 3 of these persons were also 

confirmed by YF virus isolation. Five patients with confirmed cases of YF died, a case-

fatality rate of 19%. All patients with confirmed YF infection lived in rural areas. 

Chapter 4 presents surveillance activities in Kenya for YF. Between 1993-95, sentinel 

surveillance, involving 18 health facilities, identified 150 patients meeting a clinical case definition 

of YF, of which the majority (87%) was jaundiced. Ten, or 7%, of 150 persons showed evidence 

of recent infection with YF virus. In conclusion, low level of continued enzootic/endemic 

transmission of YF virus was documented in and around the outbreak area. 

In 1994 and 1995, 228 and 170 patients, respectively, were enrolled in a 'Fever of 
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Unknown Origin' (FUO) study, in west Kenya, an area west of the sentinel surveillance 

area of YF. No serologic evidence of YF infection was found, but 74 (19%) of 398 patients 

(1994 and 1995) had an apparent o'nyong-nyong (ONN) viral infection. ONN fever, caused 

by infection with a mosquito-borne central African alphavirus, is an acute, nonfatal illness 

characterised by polyarthralgia. In conclusion, in 1994 and 1995, in west Kenya, transmission 

of ONN virus occurred without clinical recognition. 

In Chapter 5, a description of the ONN fever epidemic in Uganda and results of a 

household-based seroprevalence survey are presented. During 1996-1997, Rakaiand Masaka 

District, south-central Uganda, experienced only the second ONN fever epidemic ever 

recognised. During January and early February 1997, active case finding and a household 

cluster serosurvey were conducted. In affected (n=129) and comparison (n=115) areas, 

the estimated infection rates were 45% and 3%, and the estimated attack rates were 29% 

and 0%, respectively, for an apparent to inapparent infection ratio of nearly 2 to 1 in 

affected areas. In villages sampled near Lake Kijanebalola, Rakai District, the estimated 

infection and attack rates were 68% and 41 %, respectively, and 55% of sampled households 

had experienced at least one ONN fever case. In conclusion, this epidemic was focused 

near lakes and swamps, where it was associated with high infection and attack rates, and 

a high apparentinapparent infection ratio. 

In Chapter 6, clinical features of o'nyong-nyong (ONN) fever are evaluated. During the 

1996-97 ONN fever epidemic in Uganda, 40 confirmed and 21 presumptive, well-

characterised acute, recent, or previous ONN fever cases were identified through active 

case finding efforts or during a household serosurvey, using well defined clinical and 

laboratory criteria. Among confirmed cases, the knees and ankles were the joints most 

commonly affected. The median duration of arthralgia was 6 days (range, 2-21 days) and 

of immobilisation 4 days (range, 1-14 days). In the majority, generalised skin rash was 

reported and in nearly half, lymphadenopathy, mainly of the cervical region, was reported. 

During this epidemic, the combination of fever, arthralgia, and lymphadenopathy had a 

specificity of 81% and a sensitivity of 61% in the identification of ONN fever cases, and 

thus could be useful for surveillance purposes. 

In Chapter 7, an island-wide dengue laboratory-based surveillance system was used to 

detect whether there was an increase in leptospirosis after hurricane-generated floods, in 

PR. Leptospirosis, a commonly occurring spirochetal zoonosis of worldwide distribution, 

causes a wide spectrum of clinical manifestations. All anti-dengue IgM-negative patients 

(n=142) with disease onset from August 8 to October 6, 1996, from prehurricane and 

posthurricane groups, were investigated for leptospirosis. Case detection was facilitated 

through a rapid diagnostic assay. Four (6%) of 72 prehurricane, and 17 (24%) of 70 

posthurricane patients had laboratory-confirmed cases of leptospirosis. Eighteen (86%) of 
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Summary 

21 confirmed cases were male, including one patient who died. Patients were located in 

18 (38%) of 48 municipalities that submitted serum samples. This study demonstrates the 

utility of a dengue laboratory-based surveillance system for the detection of an acute increase 

of leptospirosis, which otherwise most likely would have gone unrecognised. Leptospirosis 

is treatable with antibacterial agents; early diagnosis may significantly reduce morbidity 

and mortality. 

Chapter 8 discusses surveillance for YF, ONN fever, and leptospirosis, in the context of 

the reported studies. Management of infectious disease surveillance requires a disease 

specific approach that should be based on public health significance of the disease and 

available effective interventions for prevention and control. For epidemic detection and 

impact evaluation of control programmes, more is needed than routine integrated disease 

surveillance. For most sub-Saharan countries this constitutes a major challenge. Options 

for improvements are discussed. 
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Samenvatting 
Surveillance is het voortdurend systematisch verzamelen, analyseren en interpreteren 

van ziektegegevens t.b.v. preventie en bestrijding van ziekten. Een surveillance systeem 

bestaat uit drie componenten: verzamelen, analyseren en aktie ondernemen. Epide

miologische expertise, diagnostische laboratoria en electronische communicatie van 

ziektegegevens maken het verzamelen en analyseren effectief mogelijk. Dit kan tot goede 

surveillance leiden in ontwikkelde landen. De tegenstelling met ontwikkelingslanden is 

groot: niet alleen ontbreekt laboratorium capaciteit op districts-nivo, de communicatie 

tussen districten en het centrale nivo is veelal gebrekkig en er zijn weinig gezondheids

werkers die de epidemiologische technieken beheersen nodig voor effectieve surveillance 

(Hoofdstuk 1). 

Hoofdstuk 2 bepreekt de literatuur van de gele koorts in Oost Afrika. Gele koorts is een 

door geleed-potigen, vrnl. muskieten, overgebrachte virale haemorrhagische ziekte. Er zijn 

drie verschillende transmissie patronen (bos, tussen-type, en stedelijke), leidend tot een 

zelfde klinische beeld. Dit beeld varieert van een sub-klinische infectie tot een ziekte met 

dodelijke afloop; onder patiënten die geelzucht ontwikkelen kan de mortaliteit >20% zijn. 

Periodieke epidemieën zijn gedocumenteerd in Sudan (1940; 1959), Ethiopie (1959; 1960-

62; 1966), en Kenia (1992-93), maar niet in Uganda, waar het gele koorts virus voor het 

eerst werd geisoleerd uit een patient in 1941 en voor het laatst in 1964. Alle gele koorts 

epidemieën in Oost Afrika vonden plaats binnen een endemisch transmissie gebied, waarvan 

de begrenzing werd vastgesteld door sero prevalentie studies die uitgevoerd werden tussen 

1933-43. 

Hoofstuk 3 rapporteert de bevindingen van de eerste gedocumenteerde gele koorts 

epidemie in Kenia. Verdachte gele koorts gevallen werden geindentificeerd door patiënten-

status onderzoek en ziekenhuis surveillance, m.b.v. een klinische definitie van de ziekte. 

We documenteerden 55 personen met haemorrhagische koorts uit drie districten van de 

Rift Valley Province, in de periode september 10, 1992, tot en met maart 11,1993 (27.4 

gevallen per 100,000 bevolking). Van 29 (53%) van deze 55 patiënten was geen serum of 

weefsel voorradig. Bij de overige 26 (47%) werd een recente gele koorts infectie vastgesteld 

d.m.v. serologisch onderzoek, en bij 3 van deze personen werd gele koorts virus ook 

geisoleerd. Vijf geconfirmeerde gele koorts patiënten stierven, een letaliteit van 19%. Alle 

geconfirmeerde gele koorts patiënten woonden in rurale gebieden. 

Hoofdstuk 4 presenteert de gele koorts surveillance aktiviteiten in Kenia die volgden op 

de epidemie in 1992-93. In de periode 1993-95, werden d.m.v. een sentinel surveillance 

systeem bestaande uit 18 gezondheidsposten en ziekenhuizen, 150 van gele koorts 

verdachte patiënten geïdentificeerd. Hiervan had de meerderheid (87%) geelzucht. In tien 

(7%) van deze 150 patiënten werd een recente infectie met gele koorts virus aangetoond. 
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Samenvatting 

Hieruit blijkt dat de transmissie van het gele koorts virus in en om het epidemie gebied in 

enzootische / endemische vorm voortging. 

O'nyong-nyong (ONN) koorts is een infectie met een centraal Afrikaans alphavirus dat 

door muskieten wordt overgebracht. Het is een acute, niet fatale, ziekte die gekarakteriseerd 

wordt door gewrichtspijnen en koorts. In 1994 en 1995, in west Kenia, werden 228 en 

170 patiënten, respectievelijk, opgenomen in een studie naar patiënten met onbekende 

koorts. Er werd geen serologisch bewijs gevonden voor infectie met gele koorts virus, 

maar 74 (19%) van 398 patiënten (1994 en 1995) hadden een recente ONN infectie 

doorgemaakt. In conclusie, in 1994 en 1995, vond in west Kenia transmissie van ONN 

virus plaats zonder dat het beeld klinisch herkend werd. 

In Hoofdstuk 5 wordt een beschrijving gepresenteerd van de ONN koorts epidemie in 

Uganda. Tijdens 1996-1997, werd in Rakai en Masaka District, zuid-centraal Uganda, de 

tweede ooit beschreven epidemie van ONN koorts gedocumenteerd. Gedurende januari 

en begin februari 1997, werd aktief gezocht naar ONN koorts gevallen en een sero-

prevalentie studie uitgevoerd in groepen van huishoudens. In gebieden met en zonder 

aktieve transmissie (n=129) en (n=115), respectievelijk, waren de geschatte infectie 

percentages 45% and 3%, respectievelijk, en de geschatte klinische ziekte percentages 

29% and 0%, respectievelijk. In gebieden met aktieve transmissie kwam dit overeen met 

een klinische : niet klinische infectie ratio van bijna 2 : 1 . Dorpen die geselecteerd waren 

nabij Lake Kijanebalola, Rakai District, hadden een geschatte infectie en klinische ziekte 

percentage van 68% and 41%, respectievelijk. In 55% van de geselecteerde huishoudens 

in deze dorpen kwam tenminste één geval van ONN koorts voor. In conclusie, deze epidemie 

was geconcentreerd in de buurt van meren en moerassen, en geassocieerd met hoge 

infectie en klinische ziekte percentages, en een hoge klinische : niet klinische infectie ratio. 

In Hoofdstuk 6 wordt een klinische beschrijving van ONN koorts gegeven. Veertig 

geconfirmeerde en 21 veronderstelde, goed gedocumenteerde acute, recente, of oude 

gevallen van ONN koorts waren geïdentificeerd door het toepassen van klinische en 

laboratoria criteria op de patiënten populatie die onderzocht was tijdens het in kaart brengen 

van de ONN koorts epidemie in Uganda, in 1996-97. Bij de geconfirmeerde gevallen, 

waren de knie en enkel gewrichten het meest aangedaan. De mediane duur van de 

gewrichtspijn was 6 dagen (bereik: 2-21 dagen) en de duur van de immobiliteit was 4 

dagen (bereik: 1-14 dagen). In de meerderheid werd gegeneraliseerde huiduitslag 

gerapporteerd, en in bijna de helft vergrote lymfklieren (vooral in het nekgebied). Tijdens 

de epidemie, had de combinatie van koorts, gewrichtspijn, en lymfkliervergroting een 

specificiteit van 8 1 % en een sensitiviteit van 6 1 % om gevallen van ONN koorts te 

identificeren. Deze klinische definitie kan behulpzaam zijn bij het uitvoeren van surveillance. 

In Hoofdstuk 7, wordt het dengue surveillance systeem in Puerto Rico gebruikt om een 
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toename in leptospirose te detecteren na een door een windhoos veroorzaakte 

overstroming. Leptospirose, een onder veel dieren voorkomende bacteriele ziekte met een 

wereldwijde distributie, veroorzaakt een scala aan klinische manifestaties. Alle anti-dengue 

IgM-negatieve patiënten (n=142) wiens ziektebegin lag tussen 8 augustus en 6 oktober, 

1996, werden onderzocht op leptospirose en verdeeld in een vóór-windhoos- en een na-

windhoos groep. Gevallen werden opgespoord door een dipstick test. Vier (6%) van 72 

voorwindhoos, en 17 (24%) van 70 nawindhoos patiënten hadden laboratorium-

geconfirmeerde gevallen van leptospirose. Achttien (86%) van de 21 geconfirmeerde 

patiënten waren mannen. Een man overleed. Patienten woonden in 18 (38%) van de 48 

gemeenten die serum monsters hadden ingestuurd. Deze studie laat zien hoe een dengue 

surveillance systeem gebruikt kan worden voor de detectie van een acute toename van 

leptospirose, die anders zeer waarschijnlijk niet herkend zou zijn. Leptospirose is 

behandelbaar met antibiotica; kennis en vroege diagnostiek van deze ziekte zal de 

morbiditeit en mortaliteit significant kunnen doen dalen. 

In Hoofdstuk 8 worden beperkingen van surveillance voor gele koorts, ONN koorts, en 

leptospirose besproken, n.a.v. de gerapporteerde studies. Management van infectieziekten 

surveillance moet een ziektespecifieke benadering volgen die afgestemd is op het belang 

van de ziekte voor de volksgezondheid en de beschikbare mogelijkheden om de ziekte te 

voorkomen en te behandelen. Om epidemieën op te sporen en de invloed van programma's 

te evalueren is er meer nodig dan een routinematige geïntegreerde ziekte surveillance. Dit 

is een uitdaging voor het overgrote deel van de landen beneden de Sahara. Mogelijkheden 

tot verbetering worden besproken. 
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K e y to a b b r e v i a t i o n s 

AFP Acute Flaccid Paralysis 

CDC Centers for Disease Control and Prevention (USA) 

CHIK Chikungunya 

DHF Dengue haemorrhagic fever 

DVBID Division of Vector-Borne Infectious Diseases 

EHP Environmental Health Programme 

ELISA Enzyme linked immunosorbent assay 

EU European Union 

IDS Integrated disease surveillance 

IgG Immunoglobuline G 

IgM Immunoglobuline M 

LEPTO-DST Leptospirosis dipstick 

MOH Ministry of Health 

NIV National Institute of Virology (South Africa) 

NGOs Non-Governmental Organizations 

NSSS Non-statutory surveillance systems 

ONN O'nyong-nyong 

PR Puerto Rico 

RVF Rift Valley Fever 

SSC Surveil lance Suppor t Centre 

STDs Sexually T ransmi t ted Diseases 

TB Tuberculosis 

USAID United States Agency for International Development 

VRC-KEMRI Virus Research Centre-Kenya Medical Research Institute (Kenya) 

WHO World Health Organisation 

WHO-AFRO World Health Organisation Regional Office for Africa 

YF Yellow fever 
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