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O’Nyong-Nyong Fever in South-Central Uganda, 1996-1997: Clinical Features
and Validation of a Clinical Case Definition for Surveillance Purposes
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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 sampled, 40 cases of confirmed and 21 of presumptive, well-
characterized acute, recent, or previous ONN fever were identified through active case-finding
efforts or during a household serosurvey and by the application of 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 nearly half
had 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 spec-
ificity of 83% and a sensitivity of 61% in the identification of cases of ONN fever and thus

could be useful for surveillance purposes.

O’nyong-nyong (ONN) virus is a mosquito-borne alphavirus
that belongs to the Semliki Forest serological complex [1]. As
such, it is closely related both genetically and clinically to chi-
kungunya (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 Af-
rican epidemic of ONN fever that began in northern Uganda
and involved an estimated 2 million patients in Kenya, Tan-
zania, and Uganda alone [5]. Typical clinical features included
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low-grade fever, symmetrical polyarthralgia, lymphadenopathy
(particularly of the posterior cervical region), and a generalized
papular or maculopapular exanthem [6]. Although some pa-
tients 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
Anopheles 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].

After the epidemic of 1959-1962, results of seroprevalence
studies suggested that sporadic human infections with ONN
virus continued to occur within the region, though no cases of
ONN fever were documented after 1962 [10-13]. Although a
strain of ONN virus was isolated from An. funestus collected
in western Kenya [14], the enzootic vectors and natural res-
ervoir hosts of ONN virus remain unknown.

Beginning in mid-1996, after an apparent absence of ~35
years, the first recognized reemergence 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 ~2: 1 [16]. An. funestus was implicated as the primary epi-
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demic vector [17]. Vertebrate studies conducted during the ep-
idemic failed to incriminate rodents or mongooses as amplifying
hosts of the virus [18]. Results of molecular virological 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 [19].

Here we describe the clinical features of the 1996-1997 ep-
idemic, 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.

Methods

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
~2 days later by symmetrical polyarthralgia and often by lym-
phadenopathy, especially of the posterior cervical region, followed
~2 days later by a generalized maculopapular rash that was com-
monly pruritic. Patients usually had full recovery within 1-2 weeks
of clinical onset, though some patients experienced more prolonged
arthralgia.

Subsequently, in September and October 1996, Ugandan Min-
istry 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 symp-
toms and signs suggestive of ONN fever. Tests conducted at the
Uganda Virus Research Institute and the Centers for Disease Con-
trol and Prevention (CDC) confirmed the presence of ONN virus
in samples from some acutely ill patients.

During late January and early February 1997, Ugandan scien-
tists were joined by a multinational team of researchers to conduct
more detailed epidemiological, entomological, and vertebrate stud-
ies of the affected area [16]. The initial step was a preliminary,
rapid, and crude survey of the region by automobile. Village lead-
ers, 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 pur-
sued, and suspected case patients were located and interviewed and
sometimes had blood samples obtained.

Subsequently, a cluster survey of households was conducted in
selected villages [16], based on a modification of the World Health
Organization—-Expanded Programme on Immunization vaccine
coverage survey method [20]. Blood samples were requested from
all household members, excluding those aged <3 years. A stan-
dardized questionnaire was verbally translated into the local lan-
guage and administered to each study participant by a member of
the research team. This questionnaire included questions on age,
the number of household members, symptoms of ONN fever re-
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called 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 and occurrence within
the previous 9 months (May 1996 to February 1997). Among pa-
tients 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 IgM antibody to ONN virus, a positive convalescent-
phase serum neutralizing antibody titer to ONN virus that was
=40 and was 4-fold or more higher than the corresponding neu-
tralizing antibody titer to CHIK virus, or a positive convalescent-
phase serum neutralizing antibody titer to ONN virus of 20 with
a corresponding neutralizing antibody titer to CHIK virus of <10.
Because ONN virus infections in humans commonly result in the
development of similar titers of neutralizing antibodies to both
ONN and CHIK viruses [21], presumptive ONN fever cases were
defined as those associated with the presence of a positive con-
valescent-phase serum neutralizing antibody titer to ONN virus
(=10) that differed by 2-fold or less from the corresponding neu-
tralizing antibody 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 sus-
pected to have acute ONN fever at the time of blood collection,
which were placed on wet ice. For all specimens, serum was sep-
arated within 12 hr 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.

Serum specimens collected <21 days after clinical onset were
cultured for viruses by inoculation onto Vero cell monolayers or
into suckling mice [22], or were 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 [23] and RT-PCR.

For RT-PCR, 140 uL of starting material was extracted from
serum, tissue culture fluid, or 10% suckling mouse brain suspension
by use of the QIAamp viral RNA kit (QIAGEN, Valencia, CA)
following the manufacturer’s protocol. RNA was resuspended in
a final volume of 100 uL of RNase-free water. ONN virus-specific
primers (5-CTGACTGCGGGGAGGGACACT-3 [8698-8718]
and 5-ATCGTAATAACATCTTTGGTAGGTC-3 [9765-9791))
were designed with the PrimerSelect module of the Lasergene soft-
ware package (DNASTAR, Madison, WI) by use of the published
genomic sequence of ONN virus strain MP30 (“Gulu”) [24]. Five
microliters of purified RNA was combined with 200 pmol of each
ONN virus-specific primer, and the RT-PCR reaction was per-
formed by use of the TITAN One Tube RT-PCR kit (Boehringer
Mannheim Biochemicals, Indianapolis) following the manufac-
turer’s protocol. Samples that generated a double-stranded DNA
band of the correct size (1093 bp) were further analyzed by DNA
sequencing. The 1093-bp DNA fragment was purified by electro-
phoresis on a 1% agarose gel followed by gel excision and extraction
with the QIAquick gel extraction kit (QIAGEN); 500 ng of this
material was then sequenced by use of the Taq DyeDeoxy Ter-
minator Cycle sequencing kit (Perkin-Elmer/Applied Biosystems,
Foster City, CA) and the same primers used for amplification. The
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sequence data were aligned and edited with the SeqMan module
of the Lasergene package.

After virus isolation attempts and PCR tests, all serum specimens
were heat-inactivated at 56°C for 30 min and then tested by EIA
for antibody (IgM and IgG separately) to ONN virus. Antigens
were derived from suckling mouse passage 14 of ONN virus strain
MP30 (kindly provided by Drs. Laura Chandler, Robert Tesh, and
Robert Shope, University of Texas at Galveston). IgM anti-
body-capture ETA was done by using a modification of a previously
published procedure [25]. After the wells of a 96-well Immunlon 2
microtiter plate (Dynex Technologies, Chantilly, VA) were coated
with a predetermined quantity (75 uL/well) of goat anti-human
IgM antibody in bicarbonate-carbonate buffer (pH 9.6) overnight
at 4°C, wells were blocked with 200 uL of 5% skim milk and 0.5%
Tween 20 in 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 (in-
cubated 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. In each well,
50 uL of an alphavirus group-reactive murine monoclonal anti-
body (MAb 2A2C-3) conjugated to horseradish peroxidase (Jack-
son ImmunoResearch Laboratories, West Grove, PA), diluted 1 :
4000 in blocking buffer, was added and allowed to incubate at 37°C
for 1 hr. Bound enzyme-conjugate was detected with 75 uL of the
substrate 3,3,5,5-tetramethylbenzidine (GIBCO Bethesda Re-
search Laboratories, Gaithersburg, MD) per well. After this so-
lution was incubated at room temperature for precisely 10 min, the
reaction was stopped with 1 N H,SO, (50 uL/well), and the ab-
sorbance at 450 nm (A4,5,) was measured [26]. Reactions were judged
as positive if the signal-to-noise ratio (P/N) of the test sample was
=2.0 (A,s, of the sample [P] divided by the 4,5, of a normal [N]
human antibody control). Viral antigen-specific antibody reactiv-
ities were also compared with reactivities with normal mouse brain
antigen. The test result was considered uninterpretable if the A,
of the test sample with viral antigen was less than or equal to twice
the A,s, of the test serum with normal mouse brain antigen.

IgG EIA was done by using a modification of a previously pub-
lished procedure [27]. 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 by use of a predetermined quantity of the alphavirus
group-reactive capture MAb, 1A4B-6 [28]. This MAb was coated
onto the wells overnight at 4°C in bicarbonate coating buffer, pH
9.6. Each well was then blocked with 200 uL of 3% normal goat
serum in PBS with 0.1% Tween 20 for 30 min at room temperature.
ONN viral antigen was then added and allowed to incubate over-
night at 4°C. Negative-antigen control wells were also prepared by
use of 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 hr. Bound antiviral
antibody was detected by adding alkaline phosphatase—conjugated
goat anti-mouse IgG Fc-specific antibody (Jackson Immuno-
Research Laboratories) diluted 1 : 1000 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, St. Louis]
in 1 M Tris-HCI, pH 8.0) and incubation for 30 min at room
temperature. The reaction was then stopped with 35 uL of 3 M
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NaOH per well and the 4,,; was measured. As with the IgM EIA,
P/N ratios were calculated, and serum samples with P/N values of
=2.0 were considered positive. The test result was considered un-
interpretable if the 4,y of the test sample with viral antigen was
less than or equal to twice the A4, 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 neu-
tralization assay [29] in Vero cells, with use of 90% plaque reduction
as a positive cutoff value. Specimens tested by neutralization were
screened at a 1 : 10 dilution against ONN virus (strain MP30, pas-
sage level 8) as well as against 2 other alphaviruses known to infect
humans in Uganda and to cross-react serologically with ONN vi-
rus: CHIK (prototype strain S 27, high passage) and Sindbis (pro-
totype strain Ar 339, passage level 14) viruses [24]. By means of
serial 2-fold dilutions, end-point neutralization tests were then done
on specimens that gave positive screening neutralization results
against one or more 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 reference 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 re-
call, only cases in which the clinical onset was <6 weeks prior to
interview and specimen collection were included.

Statistical methods. By use of Epilnfo software version 6.04b
(Epidemiology Program Office, CDC, Atlanta, Georgia), the 2-
tailed Fisher’s exact test was used to compare pairs of proportions,
and the Wilcoxon 2-sample test was used to compare the distri-
butions of ordered categorical variables in 2 populations. In all
statistical tests, P < .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 in Sep-
tember and October 1996, and 306 were sampled during Jan-
uary and February 1997. Of the latter, 62 were sampled during
case ascertainment efforts and 244 [16] 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 neutralizing antibody titers), and
none had convincing laboratory evidence of a previous Sindbis
virus infection. Of these 121 persons, 74 (61%) had confirma-
tory laboratory evidence of a current, recent, or past infection
with ONN virus: 31 (42%) by IgM antibody testing, 27 (36%)
by neutralization, and 16 (22%) by virus isolation (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
(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
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for ONN fever. Of these 68 persons, 47 (69%) were considered
as having laboratory-confirmed cases and 21 (31%) were con-
sidered as having laboratory-presumptive cases (figure 1).

Of these 47 confirmed cases, 23 (49%) were confirmed by a
positive serum IgM antibody test, 14 (30%) by neutralization
and 10 (21%) by virus isolation (among 24 persons cultured).
Complete questionnaire data were available for 40 (85%) of
these 47 cases. Of these 40 cases, 20 (50%) were confirmed by
a positive serum IgM antibody test, 14 (35%) by neutralization
and 6 (15%) by virus isolation (among 20 persons cultured).
Demographic and certain other characteristics of these 40 pa-
tients 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 re-
porting lymphadenopathy, almost all reported involvement of
the neck (figure 2). Bleeding of the gums was reported by one
patient. No fatalities were reported.

Among the 20 IgM antibody—positive confirmed cases for
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 IgM seropositivity appeared to
decrease ~60 days after the onset of illness (figure 3) (16 positive
results among 23 patients sampled within 60 days of clinical
onset vs. 4 positive results among 17 patients sampled >60 days
after onset, P <.01). The patient with persistent IgM antibody
to ONN virus ~204 days after clinical onset was a 28-year-old
man who described a week-long illness consisting of fever, joint
pain, generalized rash, and cervical lymphadenopathy. His se-

Table 1.
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Study participants
391

No laboratory evidence Laboratory-presumptive ONN virus Laboratory-confirmed
for ONN virus infection infections (by neutralization) ONN virus infections
270 47 74
l ® [gM 31 (42%)
o Neutralization 27 (36%)
® Virus isolation 16 (22%)

| [—ll

Did not meet clinical Met clinical criteria for
criteria for ONN fever confirmed ONN fever cases
53 47

Met clinical criteria for pre-
sumptive ONN fever cases

Figure 1. Summary of results of applying laboratory and clinical
criteria for o’nyong-nyong (ONN) fever to 391 study participants in
south-central Uganda, 1996-1997.

rum sample showed neutralizing antibody titers of 10 and <10
against ONN virus and CHIK virus, respectively.

Among the 6 confirmed cases in which ONN virus was iso-
lated and for 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°C-39.3°C), and temperatures were normal (<37.1°C) in 2
of these cases. Of the 10 other ONN virus—positive patients
identified in the study, 1 reported fever but no joint pain, and
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 Sep-
tember 1996.

Summary of demographic and other characteristics of total study population, and of 40 well-

characterized laboratory-confirmed and 21 laboratory-presumptive o’nyong-nyong fever cases, south-central

Uganda, 1996-1997.

Clinically well-characterized

Total study laboratory-confirmed Laboratory-presumptive
Characteristic population cases cases P
n 391° 40 21 —
Age, years
Median 20° 20 15 9
Range 3-91 5-80 3-45 —
No. female (%) 187° (56) 25 (62.5) 14 (67) 84

Date of symptom onset
Median —
Range —
Interval from symptom onset to interview
and blood sample collection, days
Median —
Range —

Late Dec. 1996
July 1996-Jan. 1997

Mid-Sept. 1996 —
May 1996-Jan. 1997 —

33 141 .004°
1-204 12-261 —

# Comparing laboratory-confirmed and laboratory-presumptive cases.
b Age and sex data were unavailable for 67 and 60 persons, respectively, sampled during September—October 1996.

¢ Wilcoxon two-sample test.
4 Two-tailed Fisher’s exact test.
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Table 2. Symptoms reported for 40 well-characterized laboratory-
confirmed and 21 laboratory-presumptive o’nyong-nyong fever cases,
south-central Uganda, 1996-1997.

Proportion of patients reporting symptom (%)

Well-characterized
laboratory-confirmed Laboratory-presumptive
Symptom cases 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) 14121 (67)
Fingers 25/40 (63) 1121 (52)
Immobilization 31/40 (78) 19/21 (90)
Headache 33/40 (83) 12121 (57)
Rash 28/40 (70) 19/21 (90)

Generalized 22/28 (79) 13/16° (81)
Ttchy 24/28 (86) 16/19 (84)
Lymphadenopathy 18/40 (45) 10/21 (48)
Cervical 15/16° (94) 5/9° (56)
Inguinal 9/16° (56) 719° (78)
Axillary 7116 (44) 3/9° (33)
Red eyes 18/40 (45) 13/21 (62)
Bleeding gums 1/40 (3) 0/21
Nosebleed 0/40 1/21 (5)

# By definition (see text).
Responses were missing in a few cases.

The 21 laboratory-presumptive ONN fever cases were dem-
ographically 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 sig-
nificantly longer among laboratory-presumptive cases than
among laboratory-confirmed cases. By definition, fever and
joint pain were reported in all 21 laboratory-presumptive cases
(table 2). Knees, elbows, and ankles were the joints most com-
monly 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 lymphadenopathy and more than half re-
ported red eyes. Of those reporting lymphadenopathy, half re-
ported involvement of the neck. Nosebleed was reported by
one 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. 5/9; P =.04). No fatal-
ities 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 reference 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 with culture,
PCR in this study demonstrated the following characteristics:
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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 pur-
poses are shown in table 3.

Discussion

This is the second series of ONN fever cases ever described.
Despite differences in the way the 2 case series were constructed
and evaluated, the clinical features that characterized the cur-
rent series are virtually indistinguishable from those that char-
acterized the previous one [6]. The high degree of genetic ho-
mology observed between ONN virus strains circulating during
the 2 epidemics [19] may help to explain the apparent consis-
tency of clinical features between them.

The northern Ugandan series of nearly 21,000 ONN fever
cases reported by Shore [6] was constructed retrospectively from
outpatient and inpatient medical records and community sur-

Figure 2.

Patient with acute, culture-confirmed o’nyong-nyong fe-
ver and posterior cervical lymphadenopathy.
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IgM antibody-positive (%)

0-5 6-15 16-30 31-60 61-90 91-120 121+

Interval from clinical onset to sample collection (d)

Figure 3. Prevalence (no. positive/no. tested) of IgM antibody to
o’nyong-nyong (ONN) virus among 40 well-characterized laboratory-
confirmed ONN fever cases, south-central Uganda, 1996-1997.

veys 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 retro-
spectively, though 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, es-
pecially the 47 laboratory-confirmed cases, are true cases. How-
ever, 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,
though only a handful of acute cases were observed during the
current study, among the 6 viremic cases in which both joint
pain and fever were reported by patients, body temperature
was found to be normal (as defined above by Shore [6]) in 2
cases. Therefore, in some cases of ONN “fever,” elevated body
temperature either is 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 [4].

Other observations by Shore [6] included that the combi-
nation of joint pains, rash, and lymphadenopathy occurred in
~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 epi-
sodes 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 in-
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fection. And, while 39 (64%) of 61 well-characterized labora-
tory-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-pre-
sumptive ONN fever case-patients reported nosebleed or bleed-
ing 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 symp-
toms among ONN fever cases may be no greater than among
the general population. Finally, the present study documented
no recurrent ONN fever cases, though its largely retrospective
study design makes it impossible to rule out their occurrence.
Despite the statement by Shore [6] to the contrary, which was
based on solely clinical observations without virological con-
firmation, no convincing evidence exists to suggest that recur-
rent clinical infections occur with ONN virus or other members
of the Semliki Forest antigenic complex.

As in the case series of Shore [6], lymphadenopathy, especially
of the cervical region, was commonly reported as a clinical
manifestation of ONN fever in the current case series. Shore
[6] 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 2 diseases, which are
otherwise very similar clinically [2]. More recent clinical de-
scriptions of CHIK fever, however, have documented that lym-
phadenopathy, especially of the inguinal region, commonly oc-
curs and that the posterior cervical nodes are affected in at least
a few cases [30-32].

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 2 strains were isolated from samples collected during
days 1-3 of illness. Thus, our results were nearly identical to
those of Williams et al. [5] in that in all 6 virus-positive cases
for which dates of onset and complete clinical data were avail-
able, samples for culture had been collected during days 1-3
of illness. Therefore, as in most cases of CHIK fever [30], May-
aro virus disease [3, 33], and epidemic polyarthritis [34], 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. Although the
data were derived from tests of single serum samples collected
largely retrospectively, they suggest that detectable levels of se-
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Table 3.

Clinical Features of O’Nyong-Nyong Fever 1249

Results of evaluation of sensitivity and specificity of various combinations

of clinical features by designating positive result for culture of o’nyong-nyong (ONN)
virus or presence of serum IgM antibody to ONN virus as reference standard for infection.

No. of evaluable Sensitivity  Specificity
Clinical features study participants (%) (%)
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

rum IgM antibody to ONN virus typically appear during the
second week of illness and persist for ~2 months, though in a
few cases, detectable IgM antibody may persist for 6 months
or more. These dynamics are similar to those observed in ep-
idemic polyarthritis [4, 35].

In the current study, we were unable to estimate the incu-
bation period of ONN fever because mosquito exposure in these
rural populations is ubiquitous and virtually continuous. The
origin of the estimate by Shore [6] 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) for
CHIK fever [2, 6] and 9 days (range, 3-21 days) for epidemic
polyarthritis [36].

Although ONN fever appears to be uniformly nonfatal, it
causes substantial morbidity. The results of the current study
suggest that in typical ONN fever cases, patients are immo-
bilized 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% of the labor force—often 10% at one time—
missing at least 5 days of work [37]. 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 tem-
porally. Unfortunately, in developing countries, strong labo-
ratory support for epidemic investigations is often either una-
vailable 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 lymphad-
enopathy 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 lab-
oratory-based investigations of suspected ONN fever epidemics
and in tracking those ONN fever epidemics that are already
laboratory confirmed. Obviously, because of its limited sensi-
tivity and specificity, such a definition may be useful as a sur-
veillance tool during epidemics but has no place in the evalu-

ation of sporadic cases or in the clinical diagnosis or
management of individual patients.

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 ret-
rospective design was necessary. Consequently, among a pop-
ulation experiencing frequent self-limited febrile illnesses, study
participants were asked to recall details of an illness that had
occurred as many as 9 months earlier. Second, because blood
samples were obtained from study participants only once, se-
roconversion to ONN virus was not available as a confirmatory
test for recent infection. For this reason, we considered the
presence of serum IgM antibody to ONN virus in single spec-
imens as confirmatory evidence of recent infection. Finally, be-
cause virological evidence for cocirculation of CHIK virus dur-
ing this ONN fever epidemic was absent, we did not test study
participants for IgM antibody to CHIK virus. When tested by
EIA, some patients recently infected with CHIK virus have
been shown to have cross-reactive IgM antibody to ONN virus,
albeit at much lower titers [38]. This raises the possibility that
some ONN virus IgM antibody—positive participants in the
current study had recently been infected with CHIK virus in-
stead of ONN virus, although this seems unlikely. Nevertheless,
for the above reasons, some misclassification of clinical cases
in each direction undoubtedly occurred.

Acknowledgments

We thank Elizabeth Marum (National Center for HIV, STD, and
TB Prevention, CDC), Lawrence Marum (Makerere University), and
S. D. K. Sempala, Robert Downing, and Benon Biryahwaho (Uganda
Virus Research Institute) for facilitating these studies; Alan Dupuis
(National Center for Infectious Diseases [NCID], CDC) and Manuela
Kranz (Kenya Medical Research Institute) for performing a portion
of the laboratory tests; Robert Shope, Laura Chandler, and Robert
Tesh (University of Texas, Galveston) for providing reagents; Robert
Craven, Duane Gubler, Anne Mather, Barry Miller, José Rigau-Perez,
and John Roehrig (NCID, CDC) for helpful comments on the man-
uscript; James LeDuc (NCID, CDC) and David Heymann (CDC,
World Health Organization) for logistical support; and Theresa Gay
and colleagues at the United States Agency for International Devel-
opment for logistical support and travel funds.

220Z ydJelN L L uo sasn Ausianiun jeuoneulalu| ejedwey Aq G20Z1E/SYZ L/S/62/2191E/pIo/wod dnoolwapede//:sdiy woly papeojumoq



1250

References

1.

16.

18.

Calisher CH, Karabatsos N. Arbovirus serogroups: definition and geographic
distribution. In: Monath TP, ed. The arboviruses: epidemiology and ecol-
ogy. Vol I. Boca Raton, FL: CRC Press, 1988:19-57.

. Jupp PG, McIntosh BM. Chikungunya virus disease. In: Monath TP, ed.

The arboviruses: epidemiology and ecology. Vol III. Boca Raton, FL:
CRC Press, 1988:137-57.

. Pinheiro FP, Freitas RB, Travassos da Rosa JF, Gabbay YB, Mello WA,

LeDuc JW. An outbreak of Mayaro virus disease in Belterra, Brazil. 1.
Clinical and virological findings. Am J Trop Med Hyg 1981;30:674-81.

. Kay BH, Aaskov JG. Ross River virus (epidemic polyarthritis). In: Monath

TP, ed. The arboviruses: epidemiology and ecology. Vol IV. Boca Raton,
FL: CRC Press, 1989:93-112.

. Williams MC, Woodall JP, Gillett JD. O’nyong-nyong fever: an epidemic

virus disease in East Africa. VII. Virus isolations from man and serological
studies up to July 1961. Trans R Soc Trop Med Hyg 1965;59:186-97.

. Shore H. O’nyong-nyong fever: an epidemic virus disease in East Africa. III.

Some clinical and epidemiological observations in the Northern Province
of Uganda. Trans R Soc Trop Med Hyg 1961;55:361-73.

. Corbet PS, Williams MC, Gillett JD. O’nyong-nyong fever: an epidemic virus

disease in East Africa. IV. Vector studies at epidemic sites. Trans R Soc
Trop Med Hyg 1961; 55:463-80.

. Williams MC, Woodall JP, Corbet PS, Gillett JD. O’nyong-nyong fever: an

epidemic virus disease in East Africa. VIII. Virus isolations from Anopheles
mosquitoes. Trans R Soc Trop Med Hyg 1965;59:300-6.

. Bres P, Chambon L, Pape Y, Michel R. Les arbovirus au Senegal. I1. Iso-

lement de plusieurs souches. Bull Soc Med Afr Noire Lang Fr 1963;8:
710-2.

. Geser A, Henderson BE, Christensen S. A multipurpose serological survey

in Kenya. II. Results of arbovirus serological tests. Bull World Health
Organ 1970;43:539-52.

. Bowen ET, Simpson DI, Platt GS, et al. Large scale irrigation and arbovirus

epidemiology, Kano Plain, Kenya. II. Preliminary serological survey. Trans
R Soc Trop Med Hyg 1973;67:702-9.

. Marshall TF, Keenlyside RA, Johnson BK, Chanas AC, Smith DH. The

epidemiology of O’nyong-nyong in the Kano Plain, Kenya. Ann Trop
Med Parasitol 1982;76:153-8.

. Tsai TF, Sanders EJ, Hendricks E, et al. Serological evidence of o’nyong

nyong viral infection in Kenya, 1994-95 [abstract no. 365]. In: Program
and abstracts of the 46th annual meeting of the American Society of
Tropical Medicine and Hygiene (Orlando, FL). Northbrook, IL: American
Society of Tropical Medicine and Hygiene, 1997:225.

. Johnson BK, Gichogo A, Gitau G, et al. Recovery of o’nyong-nyong virus

from Anopheles funestus in Western Kenya. Trans R Soc Trop Med Hyg
1981;75:239-41.

. Rwaguma EB, Lutwama JJ, Sempala SD, et al. Emergence of epidemic

o’nyong-nyong fever in southwestern Uganda, after an absence of 35 years
[letter]. Emerg Infect Dis 1997;3:77.

Sanders EJ, Rwaguma EB, Kawamata J, et al. O’'nyong-nyong fever in south-
central Uganda, 1996-1997: description of the epidemic and results of a
household-based seroprevalence survey. J Infect Dis 1999;180:1436-43.

. Lutwama JJ, Kayondo J, Savage HM, Burkot TR, Miller BR. Epidemic

o’nyong-nyong fever in south-central Uganda, 1996-1997: entomologic
studies in Bbaale Village, Rakai District. Am J Trop Med Hyg 1999;
158-62.

Ogen-Odoi A, Miller BR, Happ CM, Maupin GO, Burkot TR. Isolation of
Thogoto virus (Orthomyxoviridae) from the banded mongoose, Mongos
mungo (Herpestidae), in Uganda. Am J Trop Med Hyg 1999;60:439-40.

Kiwanuka et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

38.

CID 1999;29 (November)

Lanciotti RS, Ludwig ML, Rwaguma EB, et al. Emergence of epidemic
o’nyong-nyong fever in Uganda after a 35-year absence: genetic char-
acterization of the virus. Virology 1998;252:258-68.

Turner AG, Magnani RJ, Shuaib M. A not quite as quick but much cleaner
alternative to the Expanded Programme on Immunization (EPI) Cluster
Survey design. Int J Epidemiol 1996;25:198-203.

Williams MC, Woodall JP, Porterfield JS. O’'nyong-nyong fever: an epidemic
virus disease in East Africa. V. Human antibody studies by plaque inhi-
bition and other serological tests. Trans R Soc Trop Med Hyg 1962; 56:
166-72.

Beaty BJ, Calisher CH, Shope RE. Arboviruses. In: Lennette EH, Lennette
DA, Lennette ET, eds. Diagnostic procedures for viral, rickettsial, and
chlamydial infections. 7th ed. Washington, DC: American Public Health
Association, 1995:189-212.

Tsai TF. Arboviruses. In: Murray PR, ed. Manual of clinical microbiology.
6th ed. Washington, DC: ASM Press, 1995:980-96.

Karabatsos N, ed. International catalogue of arboviruses, including certain
other viruses of vertebrates. San Antonio, TX: American Society of Trop-
ical Medicine and Hygiene, 1985.

Monath TP, Nystrom RR, Bailey RE, Calisher CH, Muth DJ. Immuno-
globulin M antibody capture enzyme-linked immunosorbent assay for
diagnosis of St. Louis encephalitis. J Clin Microbiol 1984;20:784-90.

Tsai TF, Bolin RA, Montoya M, et al. Detection of St. Louis encephalitis
virus antigen in mosquitoes by capture enzyme immunoassay. J Clin Mi-
crobiol 1987;25:370-6.

Roehrig JT, Day JW, Kinney RM. Antigenic analysis of the surface glyco-
proteins of a Venezuelan equine encephalomyelitis virus (TC-83) using
monoclonal antibodies. Virology 1982;118:269-78.

Roehrig JT, Hunt AR, Chang GJ, et al. Identification of monoclonal anti-
bodies capable of differentiating antigenic varieties of eastern equine en-
cephalitis viruses. Am J Trop Med Hyg 1990;42:394-8.

Lindsey HS, Calisher CH, Mathews JH. Serum dilution neutralization test
for California group virus identification and serology. J Clin Microbiol
1976;4:503-10.

Carey DE, Myers RM, DeRanitz CM, Jadhav M, Reuben R. The 1964
chikungunya epidemic at Vellore, South India, including observations on
concurrent dengue. Trans R Soc Trop Med Hyg 1969;63:434-45.

Moore DL, Reddy S, Akinkugbe FM, et al. An epidemic of chikungunya
fever at Ibadan, Nigeria, 1969. Ann Trop Med Parasitol 1974;68:59-68.

Retuya TJA, Ting DL, Dacula BD, et al. Chikungunya fever outbreak in
an agricultural village in Indang, Cavite, Philippines. Philippine J Med
and Infect Dis 1998;27:93-6.

Tesh RB, Watts DM, Russell KL, et al. Mayaro virus disease: an emerging
mosquito-borne zoonosis in tropical South America. Clin Infect Dis
1999;28:67-73.

Rosen L, Gubler DJ, Bennett PH. Epidemic polyarthritis (Ross River) virus
infection in the Cook Islands. Am J Trop Med Hyg 1981;30:1294-302.

Aaskov JG, Ross P, Davies CE, et al. Epidemic polyarthritis in northeastern
Australia, 1978-1979. Med J Aust 1981;2:17-9.

Mudge PR, Aaskov JG. Epidemic polyarthritis in Australia, 1980-1981. Med
J Aust 1983;2:269-73.

Johnson BK. O’nyong-nyong virus disease. In: Monath TP, ed. The arbo-
viruses: epidemiology and ecology. Vol III. Boca Raton, FL: CRC Press,
1988:217-23.

Calisher CH, el-Kafrawi AO, Al-Deen Mahmud MI, et al. Complex-specific
immunoglobulin M antibody patterns in humans infected with alphavi-
ruses. J Clin Microbiol 1986;23:155-9.

220Z ydJelN L L uo sasn Ausianiun jeuoneulalu| ejedwey Aq G20Z1E/SYZ L/S/62/2191E/pIo/wod dnoolwapede//:sdiy woly papeojumoq



