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Abstract. A study of epidemic transmission of Chikungunyavirus (CHIK) wasinitiated in April 1999
in Yogyakarta, Indonesia. Three hundred seventeen volunteers from three kelurahans (sub-districts)
were recruited. Anti-CHIK 1gG antibodies were detected in 68% to 74% of cases and 28% to 32% of
controls. In the kelurahan with no reported CHIK illness, 29% of cases and 28% of controls had anti-
CHIK 1gG antibodies. None of these cases demonstrated anti-CHIK IgM antibodies. In the two
kelurahans with disease activity, anti-CHIK IgM antibodies were detected in 3% to 36% of cases,
with the highest percentage from the kelurahan with recently reported cases. Ten percent of controls
from Gowok had anti-CHIK IgM detected in their serum. Twelve acutely ill volunteers were later
included from the kelurahan Pilahan for virusidentification. Samples from two volunteers were cul-
ture- and RT-PCR-positive for CHIK. This is the first documentation of epidemic transmission of

CHIK in Indonesia since 1982.

INTRODUCTION

Chikungunyavirus (CHIK) isan RNA virus
that belongs to the Alphavirus genus of the fam-
ily Togaviridae. The virus is transmitted prima-
rily by the urban vector Aedes aegypti and has
been responsiblefor epidemicsin cities of Africa
and Asia(Lumsden, 1955; Robinson, 1955; Carey
et al, 1969). Theillness caused by CHIK isasso-
ciated with distinct clinical manifestations that
include arather abrupt onset of fever, rash, crip-
pling arthralgia, and occasional frank arthritis
(Robinson, 1955; Carey et al, 1969). Theincuba-
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tion period is usually two to ten days, with the
constitutional symptoms lasting one to seven
days. The articular symptoms usually resolve
within days to a few weeks, but in severe cases,
these symptoms may last for months.

In Southeast Asia, CHIK activity was docu-
mented in Thailand (Halstead et al, 1969), Viet-
nam (Tesh et al, 1975), Philippines (Campos et
al, 1969), and Myanmar (Thaung et al, 1975). In
Indonesia, an outbreak of CHIK was first recog-
nized in June 1982 (Wuryadi, 1986), in a small
district located in Jambi Province, South Sumatra.
The illness rapidly moved north to involve
Palembang, Padang, Medan, Ache, Nias, and
other cities and islands. Later in the same year,
theislands of Javaand West Kalimantan were af -
fected. Between 1983 and 1985, the disease
spread to involve South, East and Central
Kalimantan, South and North Sulawesi, East
Timor, East NusaTenggara, the Molluccaldands,
and Papua (formerly Irian Jaya). The attack rates
ranged from 40% to 85% and the most common
clinical symptoms were fever, skin rash, and
myalgia/arthralgia (Wuryadi, 1986).
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Intheprovince of Yogyakarta, Indonesia, the
outbreak was recognized in April 1983 and con-
tinued until August 1984 (Haksohusodo, 1986).
Nearly al of the districts in the province were
involved, with an estimated attack rate of 70%to
90%. The apparent peak of the epidemic was in
December 1983.

In December 1998, local clinics in the
kelurahan (sub-district) of Suryatmajan, located
in the kecamatan (district) of Danurejan, region
of Yogyakarta, Yogyakarta Province, began re-
porting clustersof afebrileillness associated with
arthralgiaand rash. Cases continued to bereported
until February 1999, when vector control by fog-
ging wasinstituted. To confirm CHIK astheetio-
logical agent of disease and to investigate the
extent of CHIK transmission in this area, repre-
sentatives from the National Institutes of Health
Research and Development, Indonesian Minis-
try of Health, and the Naval Medical Research
Unit #2, Jakarta, along with physicians from
Gadjah Mada University, Yogyakarta, Indonesia,
initiated community-based serological surveysin
areas of reported cases. This report documents
the findings of this investigation.

MATERIALSAND METHODS

Study population and sampling

Local hedlth officials in the kelurahan of
Suryatmajan provided a list of individuals who
had reported to the community health center
(Puskesmas) between December 1998 and Feb-
ruary 1999 with symptoms consistent with CHIK
disease. Invitations were sent to these individu-
alsrequesting voluntary participationin the study.
Volunteerswere both maleand female, age 4 years
and older. For control cases, asymptomatic vol-
unteers from the same kelurahan were also in-
vited to participate. Volunteersfrom the kelurahan
Bausasran, where no disease consistent with
CHIK wasreported, were al so recruited to inves-
tigate prevalence rates of infection prior to the
recognition of the outbreak. The kelurahan
Gowok, in the kecamatan Catur Tunggal, was
included in the survey because morerecent CHIK
caseswere being reported at thetime of the study.
Samples were collected between 14 May 1999
and 20 May 1999, approximately three months
after the number of cases was reported to begin
declining. Twelve acutely ill volunteers from the
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kelurahan Pilahan wereincluded after May 1999
to try to directly identify CHIK as the infecting
virus by either RT-PCR or virus isolation.

Approximately 3to 7 mlsof blood were ob-
tained from each volunteer. The clotted blood
sampleswere centrifuged, the serum removed and
stored at -20°C until assayed. Serum samples
taken from volunteers suffering from acute ill-
ness were stored at -70°C. These samples were
used for attempted virusisolation in C6/36 mos-
quito cell line and viral RNA detection by RT-
PCR. Prior to obtaining the sampl es, participants
were asked to complete a questionnaire that in-
cluded clinical and demographic information.

All samples were obtained after informed
consent and under US NAMRU-2 and National
Institute of Health Research and Devel opment-
approved human use protocols.

Based on answers to the questionnaire, vol-
unteers were assigned as either cases or controls.
A CHIK casewas defined as an individual expe-
riencing fever, and joint or bone pain, with or
without other constitutional symptomswithinthe
last six months. Control cases were those who
were without these symptoms within the same
time period.

Serology for CHIK

Serum samples were assayed for the pres-
ence of 1gG and IgM antibodies against CHIK
using amicrotiter plate ELISA. For detection of
anti-CHIK IgM antibodies, an antigen capture
technique was used. Ninety-six well microtiter
plates (Immulon 2, Dynex Technologies,
Chantilly, VA, USA) were coated overnight at 4°C
with anti-human IgM antibodies (Kirkegard and
Perry, Gaithersburg, Maryland) diluted 1:500 in
phosphate-buffered saline (PBS), pH 7.4. Serum
for testing was diluted 1:100 in serum dilution
buffer (PBS, 0.1% Tween-20 and 5% Bacto skim
milk) and 100 ul added to the anti-human IgM
coated plates. A panel of normal sera, negative
for CHIK-specific antibodies, was used to deter-
minethe cut-off value. Following one-hour incu-
bation at 37°C, the plates were washed with PBS/
Tween and CHIK antigen lysate, diluted 1:25, was
added. The antigen was prepared from CHIK-in-
fected BHK 21 clone 15 cellsand inactivated with
beta propiolactone. Uninfected BHK 21 clone 15
cell lysate was used as control antigen. Normal
human serum diluted 1:50 was added to each ly-
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sate preparation. After one-hour incubation at
37°C, the plates were washed and anti-CHIK
hyperimmune mouse ascitic fluid (diluted 1:1000)
was added. The plateswere then incubated for an
additional hour. Bound anti-CHIK mouse anti-
body was detected using horseradish peroxidase-
conjugated anti-mouse 1gG and ABTS substrate.
The substrate was allowed to react for one hour
and the platesread at 415 nm. The adjusted opti-
cal density value (OD) for each sample was de-
termined by subtracting the OD obtained with the
control antigen from the OD obtained using the
CHIK antigen. A samplewas considered positive
if itsOD value exceeded the mean plusthree stan-
dard deviations of the normal control sera.

For detection of CHIK-specific 1gG antibo-
dies, the CHIK and control antigen lysates were
prepared from CHIK-infected and uninfected
Vero cell lysates, respectively. Ninety-six well
plates were coated directly with antigen and di-
luted 1:1,500in PBS. The plateswere coated over-
night at 4°C, washed threetimes and reacted with
test sera, diluted 1:100. Following one-hour in-
cubation at 37°C, the plates were washed three
times and reacted with horseradish peroxidase
conjugated mouse anti-human 1gG Fc (Kirkegard
and Perry). Bound antibody was detected as in-
dicated above, using anti-human 1gG conjugate
and ABTS substrate.

Theendpoint ELISA IgM and IgG titerswere
determined by re-testing EL1SA-positive samples
at serial two-fold dilutions beginning at 1:100.
The largest dilution giving a positive result was
considered the endpoint titer.

Serology for Ross River virus

To evaluate the possibility of Ross River vi-
rus (RRv) as the etiology of the illness, samples
that were positive by CHIK serology weretested
for anti-RRv IgM and IgG antibodies by antibody
capture and indirect ELISA, respectively. These
ELISA procedures were similar to the CHIK as-
says except that RRv antigen and TM B substrate
were used instead of CHIK antigen and ABTS
substrate, respectively.

Virus detection by RT-PCR

RNA from acutely ill patients was purified
from serum samples using the QIlAamp Vira
RNA Isolation Kit (Research Biolabs, Singapore).
The purified RNA was then used in a nested RT-
PCR assay. Twenty microliters of the purified
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RNA suspension were combined with 20 pmole
each of oligonucleotide primers JM1 (5’
GCAGACGCAGAGAGGGCCAG3'; bp1201to
1220) and IM2 (5' GCTGCTGCAAGGTAGTT
CTC3'’; bp 1440t0 1421), 10 ul 5x RT-PCR buffer,
0.2 mM of deoxynucleotidetriphosphates, 5 units
of reverse-transcriptase enzyme, and 5 units of
Thermus flavius polymerase. The primers were
designed to amplify a 240 base pair fragment of
the E2 generegion. Primer coordinates are based
on a published CHIK RNA structural gene se-
quence (Genbank accession no. L37661). The
mixturewasincubated at 48°C for 45 minutesfor
reverse transcriptase reaction and subsequently
subjected to 40 cycles of PCR, consisting of de-
naturation at 94°C for 38 seconds, primer anneal-
ing at 60°C for 1 minute, and primer extension at
68°C for 2 minutes. A second nested PCR reac-
tion was done using the product from the first
reaction. For thisreaction, 20 pmoles each of the
internal primers IM3 (5" GCTATTTGTAAGAA
CGTCAGS'; bp 1221 to 1240) and M4 (5
TACCGTGCTGCGGTCGGGAAZ'; bp 1420to
1401) were combined with 5 ul of 10x PCR Buffer
[ (Perkin Elmer, Foster City CA), five units of
Taq Gold (Perkin EImer), and water to a total
volume of 50 ul. The mixture wasthen incubated
at 95°C for 10 minutes and subjected to 40 cycles
of amplification, with each cycle consisting of
95°C for 30 seconds, 55°C for 30 seconds, and
72°C for 30 seconds. Following thelast cycle, the
mixtures were held at 72°C for 7 minutes. Am-
plified PCR products were resolved by electro-
phoresison 2% agarose gel and ethidium bromide
stain. Positive samplesresulted in a200 base-pair
fragment.

The CHIK RT-PCR assay was performed
using purified RNA isolated from RRv and den-
guevirus serotypes 1, 2, 3, and 4. Thiswas done
to evaluate the specificity of the assay. The RRv
isolate was from Australia and the dengue virus
isolateswerefrom Indonesia. Theresults showed
that the CHIK primer pairsonly produced aPCR-
product with the CHIK virus RNA (data not
shown).

Virus isolation

Serum sampleswerediluted 1:10in PBSand
applied to confluent monolayers of C6/36 cells
in 24-well culture plates (Corning, New York).
The plates were centrifuged at 400g for 45 min-
utesand then 1 ml of medium (MEM) added. The
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plates were then incubated at 30°C for 14 days
and observed daily for evidence of cytopathic
effects (CPE). At the end of 14 days or upon rec-
ognition of CPE, cells were removed from the
plates and evaluated for the presence of virus by
standard immunofluorescence assay using anti-
CHIK hyperimmune mouse ascitic fluid. RNA
fromvirusisolateswas also subjected to RT-PCR
with CHIK-specific oligonucleotide primers as
another method of virus identification.

Antibody avidity assays

The method of Gassmann and Bauer (1997)
was used, with some modifications, to evaluate
the avidity of CHIK 1gG antibody to determine
whether the detected 1gG antibody response was
the result of a recent, versus remote, infection.
To determinethe appropriate ureaconcentrations
to use in the test, high avidity and low avidity
positive control sera, diluted 1:100, were tested
at different urea concentrations that ranged from
6M to 9M in 0.5 M increments. Using the best
ureaconcentration, 6.5 M, the samplesweretested
induplicate for 1gG asindicated above. After the
initial sampleincubation, one duplicate plate was
incubated for 3 minutes with 6.5 M ureain PBS
and then washed threetimes. The plateswerefur-
ther processed according to the usual procedure.
For samples giving an OD value > 2.0, the assay
wasrepeated using two-fold serial dilutions start-
ing at a1:100 dilution. For samplesgiving an OD
less than 0.6, samples were re-tested at two-fold
dilutions, starting at 1:10.

For samples tested at a single 1:100 dilu-
tion, the avidity index was calculated by divid-
ing the OD from the urea-treated sample by the
OD of the untreated control. For samples requir-
ing serial dilutions, fine determinations of the
avidity indexes were calculated by dividing the
dilution of the urea-treated curve necessary for a
defined OD by the respective dilution of the con-
trol curve at the same OD (Gassmann and Bauvier,
1997). The defined OD was selected in the range
0.25-0.6 fold of the maximal OD.

Statistical analysis

The number of anti-CHIK antibody positive
volunteersin the case and control groupsfor each
sub-district were compared using the chi-square
test. The Fisher exact test was used when the num-
ber of positivesin either the case or control groups
was five or less. The frequency of symptoms be-
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tween CHIK antibody-positive volunteers and
antibody-negative volunteers was compared us-
ing the chi-square test. The mean avidity indexes
for cases and controls in each sub-district were
compared using analysisof varianceand Dunnet’s
test for multiple comparisons.

RESULTS

A total of 317 volunteers were enrolled in
the study. Seventy werefrom Bausasran, 110 from
Gowok, and 137 from Suryatmajan. Two volun-
teersin the Gowok group were actually from the
neighboring kelurahan Ambarukmo, but for the
purposes of this study, were kept in this group.

The mean ages of the participants from
Suryatmajan, Gowok, and Bausasran were 32, 41,
and 24, respectively. The male-to-female ratios
were0.76:1, 0.49:1, and 2.33:1, respectively. For
Suryatmajan, the mean ages for cases and con-
trols were 28 and 34 years, respectively, and for
Gowok, 42 and 40 years, respectively. The mean
agefor both cases and controlsin Bausasran was
24. As indicated, volunteers from Bausasran
tended to be male and younger compared to vol-
unteers from the other two kelurahans.

Table 1 summarizesthelgM and IgG ELISA
results for al volunteers. In Suryatmajan, 74%
of the cases were positive for 1gG antibodies
against CHIK, but only 3% of casesstill possessed
CHIK IgM antibodies indicating a recent infec-
tion. The median reciprocal titer was 150 for the
IgM-positive cases. Among the controls, anti-
CHIK IgM was detected in 4% (median recipro-
cal titer 100) and 49% were positivefor 1gG anti-
bodies. Overall, asignificantly higher number of
cases was positive for anti-CHIK 1gG compared
to controls. In contrast, there was no significant
difference between the number of cases positive
for anti-CHIK IgM and the number of anti-CHIK
IgM positive controls.

A larger number of cases from Gowok,
where acute cases were being reported at thetime
of the serosurvey, possessed anti-CHIK IgM an-
tibodies (36%) at a median reciprocal titer of
1600. The higher median IgM antibody titer com-
pared to the titer in the Suryatmajan IgM-posi-
tive volunteers is consistent with more recent
CHIK disease activity. Eighty-one percent of all
cases from Gowok were positive for anti-CHIK
1gG antibodies. Seven controlsfrom Gowok dem-
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Tablel
Results of serological screening for anti-CHIK 1gM and 1gG antibodies.
Sub-district No. volunteers  IgM and IgG Pos (%)/ 1gG Pos (%)/ Total (%)
Median titer Median titer

Suryatmajan (n=137)

Cases 61 2(3)/150 43 (70) / 6400 45 (74)

Controls 76 3(4)/100 34 (45) / 3200 37 (49)
Gowok (n=110)

Cases 42 15 (36)°/ 1600 19 (45) / 3200 34 (81)°

Controls 68 7 (10) / 1600 18 (26) / 1600 25 (37)
Bausasran (n=70)

Cases 15 0 5(33) / 3200 5(33)

Control 55 0 15 (27) / 3200 15 (27)

aAnti-CHIK 1gG was always found together with anti-CHIK IgM antibodies.
5The number of positives among the cases was significantly greater than controls (p<001).

onstrated CHIK 1gM antibodies. Twenty-five con-
trolshad 1gG antibodies, including the seven IgM-
positive controls. In no instance was anti-CHIK
IgM detected without the presence of anti-CHIK
IgG. Like Suryatmajan, the number of anti-CHIK
IgG cases was significantly higher compared to
the controls. However, as a reflection of the on-
going CHIK disease activity in Gowok, asignifi-
cantly higher number of cases was positive for
anti-CHIK IgM antibodies compared with the
control group.

Inthekelurahan Bausasran, anarea of littleto
no reported CHIK disease activity, 33% of cases
were found to have IgG antibodies to CHIK (me-
dianreciprocal titer, 3200) and there were no cases
positive for anti-CHIK IgM antibodies. Of 55 con-
trol cases, 15 (27%) had anti-CHIK I1gG antibo-
dies. The difference in the number of volunteers
positive for anti-CHIK 1gG, between the case and
control groups, was not significantly different.

To assess whether the |gG antibodies found
in the volunteers living in Gowok were due to
recent infection rather than remoteinfection, IgG
antibody avidity assayswere performed using the
1gG positive samples. Fig 1 showsthe mean avid-
ity index plus the standard deviation for the case
and control samples from each kelurahan. When
compared with the mean avidity indexes for the
samplesfrom Bausasran, where no disease activ-
ity was reported, and Suryatmajan, the mean in-
dexes for the Gowok control and case samples
were significantly lower (p < 0.001). In contrast,
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Table 2
Symptoms exhibited by volunteers with and
without serological evidence of CHIK infection.

Symptom Other (%) CHIK (%)
n=156 n=161
Bone/joint pain? 63 (40) 122 (76)
Headache 99 (63) 114(71)
Fevera 53 (34) 96 (60)
Myalgia 52 (33) 83(52)
Chills® 18 (12) 54(34)
Cough 73 (47) 55(34)
Joint swelling® 11 (7) 33(20)
Rash? 12 (8) 49(30)
Bleeding gums 11 (7) 8(5)

aDifferencesare statistically significant by Pearson chi-
square test.

there was no significant difference between the
mean avidity indexesfor the Suryatmajan samples
and Bausasran samples. No significant difference
was noted between the avidity indexes for the
Gowok casesand controls. Thisprovided labora-
tory confirmation of more recent CHIK disease
activity in Gowok.

Table 2 shows the type and frequency of
symptoms experienced by thoseindividual swith
and without serological evidence of CHIK infec-
tion. Boneand joint pain, fever, chills, and muscle
pain were significantly more common in the
CHIK infection group. Joint swelling, suggestive
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of frank arthritis, was reported by 20% and skin
rash by 30%. Although not encountered fre-
quently, significantly more individuals positive
for anti-CHIK antibody reported these symptoms.

The majority of anti-CHIK IgM and 1gG
ELISA-positive cases occurred in individuals 15
yearsold or greater (Fig 2). Most of theanti-CHIK
1gG positive cases were in the 31-to 45-year old
age group. The same number of IgM-positive
caseswas seen in the 15-to-30 and 31-to-45 year-
old age groups, with adightly higher number of
cases detected in the >45 year-old group. In the
agegroup 4 to 14 years, oneanti-CHIK IgM case
and 20 1gG cases were detected. The presence of
anti-CHIK 1gG antibodiesin this age group sup-
ports the occurrence of relatively recent CHIK
disease activity, since they were not born during
the 1983 epidemic.

Following the community-based serological
survey, 12 acutely ill individua swho met our case
definition were later identified by apublic health
clinic. These individuals were residents of the
kelurahan Pilahan, located approximately 10 km
southwest of Bausasran and approximately 15 km
southwest of Gowok. Of the 12, six were posi-
tivefor IgM and eight for 1gG. All IgM-positive
cases also had anti-CHIK 1gG. No cases were
positive for anti-CHIK IgM aone. Two of these
samples were positive for virus by culture and
RT-PCR detection of CHIK RNA. RNA from vi-
ruses isolated from culture was also subjected to
RT-PCR and produced RT-PCR products of the
appropriate size. This provided further identifi-
cation of the isolated viruses as CHIK.

CHIK antibody-positive samples were
evaluated for anti-RRv EL I SA antibodies. Eighty-
two (50%) of the 163 CHIK-positive samples
were positive for anti-RRv 1gG immunoreacti-
vity by indirect ELISA. No samplesrevealed anti-
RRv IgM immunoreactivity (datanot shown). The
anti-RRv antibody titerswerelower than the anti-
CHIK antibody titersin all instances, with RRv
ELISA valuesthat were 16 to 128-fold lower. This
suggested that the RRv immunoreactivity was
more likely due to cross-reactivity between the
anti-CHIK antibodies and RRv proteins.

DISCUSSION

This article documents the first outbreak of
CHIK in Indonesia since the 1983/84 epidemic
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Fig 1-Mean 1gG avidity indices for samples obtained
from volunteers living in the three indicated
kelurahans (sub-districts) of Yogyakarta, Indone-
sia Thecenter linein the box representsthemean
avidity index. Theboxed areaon either sideof the
mean indicates 95% confidence intervals. The
bars represent the minimum and maximum avi-
dity indices. Samplesfrom three anti-CHIK an-
tibody-positive volunteershad insufficient volume
and were not included in avidity testing.

60
IgM & 1gG pos
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Fig 2-Age distribution of volunteers who showed sero-
logicd evidenceof CHIK infection. Thenumbers
abovethe barsrepresent the number of volunteers
with the indicated serologica status.

inYogyakarta. Prior to 1983, therewas very little
documented evidence of CHIK transmission. In
other countries of Southeast Asia, CHIK trans-
mission was well documented prior to this date.
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In Thailand, thefirst reported case was diagnosed
in 1960 (Thaikruea et al, 1997) and since then
outbreaks were reported from the provinces of
Khon Kaen (1991), Nakhon Si Thammarat
(1995), and Nong Khai (1995). All three of these
outbreaks occurred during the rainy season (June
to August) and were associated with clinical mani-
festations that included fever, severe arthralgia,
and maculopapular rash. Cases were identified
by the presence of anti-CHIK IgM antibody and
virusisolation. ThelgM antibody declined within
3 months (Thaikruea et al, 1997).

Theoutbreak described inthisarticleinvolved
two sub-districts (kelurahans), with the outbreak
in Suryatmajan apparently beginning in Decem-
ber 1998. According to health center clinicsin that
area, peak activity occurred in February with a
sudden decline due to the institution of mosquito
control by fogging. The reports of acute disease
occurring in the neighboring kelurahan of Gowok
at the time of the initia serologica survey sug-
gested spread of diseaseactivity from Suryatmajan.
The antibody avidity assays support this conclu-
sion, showing that the anti-CHIK antibodiesinthe
seraof volunteersfrom Suryatmajan and Bausasran
were significantly more avid compared with the
anti-CHIK antibodiesfrom the Gowok volunteers.
Gowok is located approximately 5 km northeast
of Suryatmajan. The occurrence of acute casesin
Pilahan (10 km southwest), where viral isolates
were obtained, also suggests spread from
Suryatmajan. Theantibody patterns obtained from
the volunteers al so supports the initial occurrence
of CHIK transmission in Suryatmajan. Only 3%
of cases from Suryatmajan demonstrated anti-
CHIK IgM antibodies, compared with 36% of
cases from Gowok. In addition, the median IgM
antibody titer was about ten-fold lower in the
Suryatmajan samples (150) compared with the
Gowok samples (1600), indicating earlier infec-
tions in Suryatmajan. There was no statistically
significant differencein the number of anti-CHIK
IgM-positive volunteers, between cases and con-
trols, in Suryatmajan. Thisis consistent with wan-
ing IgM antibodies. Thesignificantly greater num-
ber of anti-CHIK IgM-positive cases compared to
controls in Gowok provides additional evidence
of more recent disease activity.

Although there can be variability between
patientsin the time course of antibody maturation,
antibody avidity can increase significantly within
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one month after infection, as in the case of tick-
borneencephalitisvirus(TBE) infection (Gassmann
and Bauer, 1997). By six months post-infection
with TBE, nearly al patients possess high avidity
antibodies (Gassmann and Bauer, 1997). Theover-
all finding of high avidity anti-CHIK antibodiesin
volunteers from Suryatmajan, who were infected
in December 1998, approximately four monthsprior
to the serosurvey, is consistent with the projected
spread of the epidemic from Suryatmajan to
Gowok. The lack of any significant difference in
mean antibody avidity, between the Suryatmajan
and Bausasran samples, indicates that anti-CHIK
antibody-positive individuals in Bausasran were
infected due to sporadic, low-level transmission,
either during or beforethe December 1998 outbresk.

The clinical manifestations of CHIK infec-
tion in Yogyakartawere similar to those reported
from other epidemics. Fever and arthralgia oc-
curred in the majority of cases, but rashes were
only reported in 19%. Because much of the clini-
cal information obtained relied on volunteer re-
call, the appearance of arash may have been over-
looked in some instances.

The symptoms experienced by the volun-
teers could also have been due to RRv, another
alphavirus associated with fever and severe ar-
thralgia. Earlier serological studiesindicated that
RRv only circulated in West New Guineaand the
Moluccas and was not present in Yogyakarta or
Java (Tesh et al, 1975). Nevertheless, to rule out
this agent as a possible etiology of the outbreak
in Yogyakarta, samples positive for anti-CHIK
antibodieswere al so tested for anti-RRv antibod-
ies. Half of the sampleswereimmunoreactive by
RRv ELISA, but this reactivity was attributed to
theanti-CHIK antibodies cross-reacting with RRv
antigens. Although some cross-reactivity exists
between alphavirus antigens and heterologous
alphavirus antibodies, prior work showed that in
most, if not all, cases, immunoreactivity against
the homologous antigen consistently produces
higher ELISA antibody titers (Roehrig, 1982;
Xiao et al, 1986). The fact that CHIK antibody
titerswere several-fold higher, compared to anti-
RRv antibody titers, supports our conclusion that
CHIK wasthe infecting virus.

The ratio of symptomatic CHIK-positive
casesto asymptomatic CHIK-positive volunteers
ranged from 1.3:1 in Gowok to 1.2:1 in
Suryatmajan. This suggests that most cases were
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symptomatic, although more than 40% experi-
enced, no or very mild, illnesses. The fact that
26% to 49% of the controls demonstrated sero-
logical evidence of CHIK infectionindicateshigh
levels of transmission prior to the recognition of
the outbreak. To obtain more accurate measures
of inter-epidemic transmission, prospective co-
hort studies are needed.

Thedatapresentedin thisarticle provide evi-
dence that the 1998/1999 outbreak in Yogyakarta
of afebrile disease associated with arthralgiaand
occasiona rashwasdueto CHIK. That caseswere
still being reported in kelurahan Gowok suggests
that transmission of CHIK continues to occur in
the province. Continued transmission was further
supported by the occurrence of acute virus isola-
tion-positive cases in Pilahan. Both of the virus
isolation caseswere positiveby RT-PCR. Thegene
fragment targeted by the RT-PCR primers lies
within the E2 region. This region is the target of
anti-alphavirus neutralizing antibody responses.
Because of the selection pressure elicited by these
responses, the E2 region is the most variable be-
tween the different alphaviruses. The production
of aRT-PCR product from serum samples, aswell
as tissue culture supernatants, confirms that the
infecting viruswas CHIK, given thelack of cross-
reactivity between the RT-PCR primers and RRv
RNA.

Thedatapresentedinthisarticleindicatethat
a CHIK outbreak began in December 1998 and
spread to multiple areas of Yogyakarta. Further
studies are needed to define the full extent of this
epidemic and to determine whether endemic
transmission of thisvirusis occurring.
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