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Abstract 
Introduction: Chikungunya fever is a mosquito-borne viral disease that usually presents with prominent arthralgia. An outbreak of chikungunya 
fever was reported in Tanjung Sepat, Malaysia in 2019. The outbreak was limited in size with a low number of cases being reported. The 
present study sought to determine the possible variables that could have affected the transmission of the infection. 
Methodology: A cross-sectional study involving 149 healthy adult volunteers from Tanjung Sepat was performed soon after the outbreak had 
subsided. All the participants donated blood samples and completed the questionnaires. Laboratory detection of anti-CHIKV IgM and IgG 
antibodies was performed using enzyme-linked immunoassays (ELISA). Risk factors associated with chikungunya seropositivity were 
determined using logistic regression. 
Results: The majority (72.5%, n = 108) of the study participants tested positive for CHIKV antibodies. Only 8.3% (n = 9) of the participants 
out of all the seropositive volunteers had an asymptomatic infection. Participants who resided with a febrile (p < 0.05, Exp(B) = 2.2, confidence 
interval [CI] 1.3-3.6) or a CHIKV-diagnosed person (p < 0.05, Exp(B) = 2.1, CI 1.2-3.6) in the same household were found likely to be tested 
positive for CHIKV antibodies. 
Conclusions: Findings from the study support that asymptomatic CHIKV infections and indoor transmission occurred during the outbreak. 
Hence, widespread community testing and indoor use of mosquito repellent are among the possible measures that can be implemented to reduce 
CHIKV transmission during an outbreak. 
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Introduction 

Chikungunya fever, is a febrile illness caused by the 
chikungunya virus (CHIKV). The virus is transmitted 
to humans through the saliva of the CHIKV-infected 
female Aedes (Ae.) aegypti or Ae. albopictus 
mosquitoes during blood feedings [1]. The infected 
mosquitoes can feed on several persons throughout 
their adulthood [2] and travel up to 800 meters [3], thus, 
enabling the rapid spread of the disease. Typical 
chikungunya symptoms include fever, arthralgia, 
headache, myalgia and rash [4]. Its severity ranges from 
severe and persistent arthralgia which could last for 
years to mild fever with joint pain which subsequently 
disappears post-recovery [5]. Asymptomatic 
presentation of CHIKV infection has also been reported 
[4]. Asymptomatic yet infected individuals often escape 
detection, since they do not seek medical care unless 

they come to the hospital for other reasons. Thus only 
symptomatic cases are reported during an outbreak [6]. 

Chikungunya fever occurs worldwide and major 
outbreaks are reported more frequently in the tropical 
and sub-tropical regions where Ae. mosquitoes are 
abundant [7,8]. Among the more recent major 
chikungunya fever outbreaks is the outbreak in 
Thailand in 2018 with more than 15,000 reported cases 
[9,10]. Most of the chikungunya cases, however, were 
reported in the southern provinces bordering Malaysia. 
Intensified preventive and control measures to eradicate 
the mosquito populations and implementation of body 
temperature screening at entry points along the 
Malaysia-Thailand border [11] were among the steps 
introduced to contain the spread of the outbreak into 
Malaysia. 

Despite the measures, a steep increase in the 
number of chikungunya fever cases was reported in the 
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state of Selangor, approximately 350 kilometers from 
the Thailand-Malaysia border. The number of 
chikungunya fever cases in Selangor increased 
exponentially from only two cases in 2018 to 184 cases 
in 2019 [12,13]. The chikungunya fever transmission in 
Selangor was presumed to have ended by mid-May 
2019 since no further cases were reported till the end of 
the year [14,15].  

Tanjung Sepat, a small town located in the southern 
part of Selangor (2°39.6051'N, 101°33.6115'E) was 
identified as the epicenter of the chikungunya fever 
outbreak in 2019 in Malaysia [16]. Considering that 
Tanjung Sepat had an estimated population size of 
9,330 (annual population growth rate = 2.0%) [17] in 
2019, the number of reported cases was only ~2.0% of 
the population. In a previous CHIKV outbreak in 
another small town, Bagan Panchor, Malaysia, more 
than 200 people were reported with symptoms of 
chikungunya representing at least 13.3% of the 
population. However, a subsequent serosurvey in the 
community showed that 55.6% of the study population 
had evidence of past CHIKV infection [4]. The low 
number of reported chikungunya cases could suggest 
that the chikungunya fever outbreak in Tanjung Sepat 
had a much lower reproduction rate (R0) perhaps 
because the disease control and prevention measures 
were effective. It is also possible that the infection rate 
was simply grossly underreported due to misdiagnosis, 
milder symptoms not requiring laboratory confirmation 
of infection and a high prevalence of asymptomatic 
infections. Misdiagnosis of the infection is possible 
considering dengue is endemic in Malaysia. However, 
Tanjung Sepat is a rural coastal city not commonly 
associated with outbreaks of dengue and no dengue 
outbreaks were reported in the area during the 
chikungunya fever outbreak. 

The study undertaken herein was to determine and 
assess the seroprevalence, asymptomatic rate, and 
potential risk factors of chikungunya fever cases in 
Tanjung Sepat, Selangor, post-2019 outbreak. The data 
obtained will be useful for our understanding of the 
extent of possible misdiagnosis of infection, 
symptomatic and asymptomatic infections during an 
outbreak and the risk factors associated with CHIKV 
seropositivity. 

 
Methodology 
Ethics Statement  

The study protocol was approved by the Medical 
Ethics Committee of the Universiti Malaya Medical 
Centre, Malaysia (MEC Ref. No: 201956-7399) and 
conformed to the principles embodied in the 

Declaration of Helsinki. All subjects provided written 
consent to participate in the study voluntarily prior to 
enrollment. 

 
Study population 

Recruitment for the study was open to consenting 
Tanjung Sepat residents aged above 18 years old as 
approved by the Institutional Review Board (IRB) 
committee. Prior to the 2019 outbreak, CHIKV 
transmission was never reported in this population and 
chikungunya fever is not recognized as endemic in 
Malaysia. As such, all residents and participants were 
presumed to be seronegative for CHIKV antibodies. 
Residents who were clinically diagnosed with human 
immunodeficiency viruses, hepatitis B virus, or 
hepatitis C virus or were knowingly pregnant were 
excluded from this study as per approval by the IRB 
committee. The residents infected with human 
immunodeficiency viruses, hepatitis B virus, or 
hepatitis C virus were excluded to reduce the risks of 
contracting blood-borne diseases during blood 
handling. The pregnant women and residents aged 
below 18 years old were excluded from the study since 
they were categorized as among the vulnerable 
population by the local IRB. 

 
Sample size 

The reported chikungunya incidences were at 
~2.0% of the total population (N = 184/9,330). The 
present study estimated the seroconversion rate at the 
study site to be one-fifth of the previous CHIKV study 
conducted for the outbreak in Bagan Panchor. The 
sample size required was calculated using 9,330 people 
as the population size with an estimated seroprevalence 
of CHIKV at 11% of the population, a 5% margin of 
error and a 95% confidence level. Using these 
parameters, the minimum sample size required as 
representative of the study population was 149 
participants. 
Parameters: 
Estimated proportion of seropositive population (p): 
11% 
Population size (N): 9,330  
Margin of error (e): 5% 
Confidence level (z): 95%  

 
Formula: 

MSSR =
𝑧𝑧2  × 𝑝𝑝 (1 − 𝑝𝑝)

𝑒𝑒2

1 + �𝑧𝑧
2 × 𝑝𝑝 (1 − 𝑝𝑝)

𝑒𝑒2𝑁𝑁 �
= 148.05 ~ 𝟏𝟏𝟏𝟏𝟏𝟏 

Where: MSSR = Minimum Sample Size Required. 
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Recruitment and sampling activities 
Information regarding the study was disseminated 

through local authorities a week prior to the on-site 
recruitment. Interested residents were invited to 
participate in the study by donating blood samples and 
completing a questionnaire. The samples were obtained 
from consented healthy adult volunteers from 26th to 
27th of August 2019, more than three months after the 
last CHIKV cases were reported. About 5 mL of blood 
was obtained from each participant using blood tubes 
with a clot activator (BD, Franklin Lakes, USA). The 
samples were left to clot at room temperature for 30 
minutes and centrifuged at 1000 x g for 10 minutes. 
Serum was aliquoted into tubes and stored in a -80 °C 
freezer until needed for analysis. The participants for 
the study also completed a given questionnaire detailing 
their history of CHIKV infection through self-
reporting. The information on CHIKV diagnosis 
collected was either based on clinical presentation alone 
or clinical presentation with laboratory findings.  

 
Detection of CHIKV IgM and IgG antibodies 

The presence of CHIKV IgM and IgG antibodies in 
serum samples was determined using the commercial 
ELISA kit (EI 293a-9601M & EI 293a-9601G0, 
Euroimmun AG, Luebeck, Germany). The assays were 
performed strictly following the protocols provided by 
the manufacturer. Samples that tested positive for either 
IgM or IgG antibodies were considered as seropositive 
for CHIKV. Test for other infection was not performed 
as the availability of test kits were limited. 

 
Statistical analysis 

Statistical analysis of the ELISA results and 
questionnaire data were conducted using the Statistical 
Package for the Social Science (SPSS) v25 (IBM Corp., 
New York, USA). Binary Logistic Regression was used 
to test the association between age, gender, household 
size, febrile occupants and CHIKV-diagnosed 
occupants (independent variables) with CHIKV 
seropositivity as a dependent variable. Participants 
residing alone (household size = 1) and those that were 
unaware or uncertain of medical history (febrile, N = 2 
and CHIKV-diagnosed, N = 14) of their household 
members were removed from the analysis. No missing 
data was recorded. 

Results 
Seroprevalence of CHIKV among residents in Tanjung 
Sepat 

A total of 149 volunteers were recruited as 
participants for the study. All recruited participants 
were of legal age (> 18 years old), Tanjung Sepat 
residents, provided blood samples and responded to the 
questionnaire. Of the 149 participants recruited, 85 
(57.0%) were female. The mean age of the participants 
was 58.25 years old (SD = 12.9, range = 18 to 88) and 
the median age was 59 years. Laboratory tests detected 
the presence of CHIKV antibodies in 108 (72.5%) 
participants. IgM antibodies, IgG antibodies and IgM & 
IgG antibodies were found in 46 (30.9%), 105 (70.5%) 
and 43 (28.9%) participants, respectively (Table 1). 
Further analysis was then performed using these 
laboratory results and information obtained from the 
administered questionnaire to unravel the possible risk 
factors for exposure to chikungunya.  

 
False positive rate of CHIKV during Tanjung Sepat 
outbreak (2018 - 2019) 

Among the 149 participants, 89 (59.7%) 
participants had clinically been diagnosed with CHIKV 
infection by their respective physicians (Table 2). 
Laboratory tests performed revealed that only 78 
(87.6%) of those diagnosed with CHIKV infection 
tested positive for the presence of CHIKV antibodies. 
This suggested that 11 participants were clinically 
diagnosed with CHIKV infection but were serologically 
negative, representing a false positive rate of 12.4%. All 
the 11 volunteers presented with fever, however, 10 
(90.9%) of them claimed they had joint pain, the 
hallmark symptom of CHIKV infection without 
developing anti-CHIKV IgG antibodies. The possible 
causative agents giving rise to the symptoms were not 
determined in this study.  

 
The asymptomatic infection rate of CHIKV during the 
2019 Tanjung Sepat outbreak  

Positive CHIKV serology was detected in 50.0% (N 
= 30) of the participants who were not diagnosed with 
chikungunya fever. Among these 30 participants, 10 
(33.3%) participants reported they had fever and joint 
pain, 11 (36.7%) participants had fever or joint pain and 
another 9 (30.0%) participants did not experience any 

Table 1. Presence of IgM and IgG antibodies in recruited volunteers. 

Antibodies IgM, N (%) Total Positive Negative 

IgG Positive 43 (28.9) 62 (41.6) 105 (70.5) 
Negative 3 (2.0) 41 (27.5) 44 (29.5) 

 Total 46 (30.9) 103 (60.1) 149 
 



Khor et al. – Post-outbreak serosurvey of chikungunya fever     J Infect Dev Ctries 2023; 17(1):118-124. 

121 

febrile illnesses and arthralgia since the onset of the 
outbreak in Tanjung Sepat. With the absence of the 
typical chikungunya fever symptoms, these participants 
(N = 9/108) were categorized as having an 
asymptomatic infection. The asymptomatic infection 
rate for CHIKV infection in this study, hence, was 
≈8.3%.  

 
Transmissibility of CHIKV in Tanjung Sepat 

Among the recruited participants, 138 (92.6%) 
participants shared housing with others living in 
Tanjung Sepat. The number of occupants per house 
ranged from 1 to 12 with a mean of 3.7 (SD = 2.0, 
median = 3). The majority (N = 99, 71.7%) of the 
participants who shared housing with multiple 
occupants tested positive for CHIKV antibodies. 
Among them, 52 (52.5%) and 37 (37.4%) participants 
lived with febrile occupants and/or CHIKV-diagnosed 
occupants during the outbreak period, respectively. 
Univariate analysis performed using logistic regression 
revealed that residing with a febrile occupant (p < 0.05, 
Exp(B) = 2.2, confidence interval [CI] 1.3-3.6) and a 
CHIKV-diagnosed occupant (p < 0.05, Exp(B) = 2.1, 
CI 1.2-3.6) were significant predictors for CHIKV 
seropositivity. An increase of one febrile occupant 
and/or one CHIKV-diagnosed occupant increased the 
risk for contracting CHIKV by 2.2 times and 2.1 times, 
respectively. Other independent variables investigated 
were found not to be significant predictors for 
seropositivity to chikungunya fever. 

Apart from evaluating the risk of CHIKV infection 
among the Tanjung Sepat residents, data from the 
present study also revealed the possibility of CHIKV 
transmission to non-Tanjung Sepat residents. A total of 
18 (12.1%) participants stated that their non-Tanjung 
Sepat acquaintances developed fever or joint pain after 
visiting Tanjung Sepat during the outbreak. However, 
this study was unable to confirm the serostatus of the 
mentioned non-Tanjung Sepat residents. Further study 

will be needed to investigate the transmission of 
CHIKV beyond the Tanjung Sepat locality during the 
outbreak. 

 
Discussion 

Widespread CHIKV infections have been reported 
in many regions of the world [5-6,10]. In some parts, 
including Malaysia, the CHIKV outbreak tends to be 
sporadic [19], limited in size and localized [19-22]. It is 
currently not known if this limitation is simply a 
reflection of the limited study sample size or due to the 
under-reporting of cases [23]. Here, a post-outbreak 
investigation using serological assays revealed the 
presence of CHIKV antibodies in 72.5% of the study 
participants. This seroprevalence rate is much higher 
than the seroprevalence rate (55.6%) reported from a 
previous sporadic CHIKV outbreak in Malaysia [4]. It 
is also higher than seroprevalence studies reported in 
the neighboring countries where 14.2-61.3% of the 
study population was seroconverted [24,25]. The 
differences observed could be a reflection of sampling 
bias due to the eagerness of the recently affected 
population to participate in the study. It could also be 
due to variations in the sensitivity and specificity of the 
different serologic assays used [26]. Interference due to 
cross-reactivity with other alphaviruses, however, 
should be negligible if any since serological evidence 
suggests the low activity of other alphaviruses among 
the general population in Malaysia [27]. Though the 
study was supposedly undertaken as a post-outbreak 
investigation, the findings that 30.9% of the volunteers 
were positive for IgM and negative for IgG, suggest that 
acute CHIKV infections were still active in the Tanjung 
Sepat community during the study period which was at 
about 3 months after the last official reporting of a 
chikungunya fever case [14], suggesting a possible 
ongoing endemic infection.  

It was also noted in the study that about 40% of the 
participants were not previously diagnosed with 

Table 2. Diagnosis, clinical manifestation, living conditions and serological findings of volunteers recruited. 

Self-reported information Seropositive Seronegative Total 
N (%) N (%) 

Diagnosed 78 (87.6) 11 (12.4)1 89 (59.7) 
Asymptomatic - - - 
Symptomatic 78 (87.6) 11 (12.4) 89 (100.0) 
Not diagnosed 30 (50.0)2 30 (50.0) 60 (40.3) 
Asymptomatic 9 (30.0)3 21 (70.0) 30 (50.0) 
Symptomatic 21 (70.0) 9 (30.0) 30 (50.0) 
Living alone 9 (81.8) 2 (18.2) 11 (7.4) 
Shared housing 99 (71.7) 39 (28.3) 138 (92.6) 
With CHIKV-diagnosed occupants 37 (88.1) 5 (11.9) 42 (30.4) 
With febrile occupants 52 (86.7) 8 (13.3) 60 (43.5) 

1 False positive; 2 Undetected CHIKV incidence; 3 Asymptomatic infection rate is at 8.3% (Asymptomatic infection/seropositive samples). 
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CHIKV, and among these about 50% were found to be 
seropositive. This highlights the issue of underreporting 
of chikungunya fever cases in most outbreaks which 
probably contribute to the pressing difficulty in 
controlling the transmission of the infection worldwide 
[23,28-29]. Underreporting of chikungunya incidences 
can occur due to several reasons. Firstly, diagnosis is 
often done solely based on clinical presentations 
without complementary laboratory testing and this 
could result in misdiagnosis as noted in the present 
study where more than 10% of the febrile patients 
diagnosed with chikungunya fever did not have 
serological evidence of an infection. Chikungunya 
fever, however, is often misdiagnosed as dengue, 
especially in regions where dengue is endemic [30,31]. 
Secondly, CHIKV-infected individuals may not know 
they are infected because of asymptomatic infection or 
they opted not to seek medical treatment due to the 
mildness of the symptoms [32,33]. Therefore, these 
incidences were not captured in a passive surveillance 
database. An infected person presenting with no clinical 
symptoms could in principle still harbor the virus and 
upon being bitten by mosquitoes could facilitate 
transmission to the next person in subsequent feeding 
[34]. Studies on chikungunya fever have shown a 
significant proportion of asymptomatic infections 
ranging from 14.0-27.7% during past outbreaks 
[29,35,36]. In the present study, a calculated 
asymptomatic rate of slightly above 8% was obtained. 
As such, active surveillance during an outbreak has to 
be carried out by performing widespread laboratory 
testing of the affected community with an emphasis on 
the detection of symptomatic and asymptomatic 
individuals. 

Results from the present study identified for the first 
time that residing with febrile occupants and/or 
CHIKV-diagnosed occupants was an important risk 
factor for contracting chikungunya fever. This finding 
highlights the importance of indoor transmission of 
CHIKV infection. This finding is in agreement with the 
involvement of Ae. aegypti mosquitoes in the 
transmission of CHIK Vas vector since the mosquito is 
predominantly found indoors and they are in general 
anthropophilic, preferentially feeding on humans, with 
multiple blood meals in a single gonotrophic cycle [37-
39]. No entomological data, however, was available to 
support this assertion for the Tanjung Sepat outbreak. 
Nonetheless, through contact tracing, the CHIKV 
circulating in Tanjung Sepat were found to be of 
East/Central/South African (ECSA) strains from 
Southern Thailand. The ECSA strains were reported to 
have E1:K211E and E1:226A mutations which have 

been suggested to confer increased CHIKV infectivity, 
dissemination and transmission in Ae. aegypti [16,40].  

Findings from the present study point to possible 
approaches to mitigate the spread of chikungunya fever 
during an outbreak. In addition to the recommended use 
of personal protective measures which include the use 
of topical mosquito repellent, bednets and insecticide-
treated clothing [41-43], effort must be taken to detect 
those with an asymptomatic infection, especially 
among households and this can be done by widespread 
testing of the affected population. Other vector control 
methods such as residual spray and thermal fogging that 
require the involvement of pest control specialists or 
public health departments are among the options to 
consider in managing the CHIKV outbreak [44,45].  

 
Conclusions 

Findings from the present study suggest that the 
magnitude of the chikungunya fever outbreak in 
Tanjung Sepat in 2018-2019 was much higher than the 
actual reported number of confirmed cases. Factors 
contributing to the low reporting may include 
underdiagnosis of the infection and asymptomatic 
infections. The study further identified the spread of 
CHIKV infection within a household as an important 
risk factor during an outbreak. Hence, widespread 
testing for chikungunya in the community during an 
outbreak especially among household contacts of the 
positive individual, could help to identify those who are 
also asymptomatically infected.  
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