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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. 

47 



Chapter 4a 

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 
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* 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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Chapter 4b 

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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