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Abstract 

Objective: The aim of this study was to determine the epidemiology of Chikungunya as 

an etiology of acute febrile illness in southern Sri Lanka. 

Method: As part of the Duke-Ruhuna post-Tsunami response, a joint research team 

established a prospective study of acute febrile illness. Between February and November 

2007, the investigators enrolled 1079 patients > 2 years of age who presented with fever 

(>38°C tympanic) to the acute care clinics and emergency department of Teaching 

Hospital Karapitiya, Sri Lanka. We obtained paired sera from participants for 

Chikungunya diagnosis including IgG Indirect immunofluorescent assay (IFA), PCR, 

virus isolation, and sequencing.   

Results: Of the 797 patients with available paired sera, 109 (13.7%) screened positive for 

Chikungunya IgG using IFA. Using a 4-fold rise in acute and convalescent sera, we 

identified 28(3.5%) acute infections. Additionally, we identified 12 past infections based 

on the presence of antibodies in both acute and convalescent sera. Among the 28 

seroconversions, 10 were isolated by culture and 18 by PCR. Those with acute infections 

were older (40 years compared to 30 years, p=0.07), more likely males (82% compared to 

60%, p=0.02) and were more often admitted to the hospital (93% vs 71%, p=0.001) 

compared to those without acute Chikungunya infection. Participants with acute 

Chikungunya infection were more likely to have joint pain (RR: 3.12, CI: 1.39, 7.00, 
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p=0.004), muscle pain (RR: 4.86, CI: 1.87, 12.67, p=<0.001), rash (RR: 5.49, CI: 1.83, 16.45, 

p=0.001) and conjunctival injection (RR: 3.36, CI: 1.59, 7.10, p=0.001) than those without 

acute Chikungunya infection. Furthermore, viral Sequencing data confirmed the 

presence of epidemic African strain throughout the study. 

Conclusion: Chikungunya virus was present in southern Sri Lanka and should be 

considered in the differential diagnosis of acute febrile illnesses. Our limited data 

suggest infection with the recently identified epidemic strain. 
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1. INTRODUCTION 

In many developing countries, infectious diseases remain a major cause of 

hospital visits, morbidity, and mortality in the population if not appropriately managed. 

Optimal detection of infectious causes of febrile illness is important to both health care 

professionals who provide clinical management for sick patients and public health 

officials who are involved in the prevention and control of these diseases[1]. These 

infectious causes are usually clinically undifferentiated and remain undiagnosed due to 

limited diagnostic capabilities as a result of lack of resources, technology, and specific 

skills in clinical laboratories in most developing countries[1].  

With these limitations, hospital-based cohort studies with well-defined patient 

populations and use of serological tests have been used to gain knowledge on local 

patterns of infectious diseases and antimicrobial susceptibilities [2]. For example, a 

sentinel study conducted in Patan hospital in Nepal to differentiate the etiologies of 

febrile illnesses revealed the burden and seasonality of enteric fever, pneumococcal 

disease, murine typhus, scrub typhus and leptospirosis on the population visiting that 

particular hospital[2]. Some of these pathogens were not widely known to contribute to 

the burden of febrile illness in Nepal. In Sri Lanka, studies attempting discrimination of 
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infectious causes of acute febrile illness among patients have focused in the capital city 

of Colombo.  Much less is known of southern Sri Lanka. After the Tsunami of 2004, 

Duke University and Ruhuna University established a joint research program focused 

on improving access to infectious disease diagnostics and the performance of 

epidemiologic studies using hospital-based cohort studies. The first project that resulted 

from this partnership was a prospective evaluation of the etiologies of acute febrile 

illness among patients presenting to the emergency department and acute care clinics at 

Teaching Hospital Karapitiya (THK) in southern Sri Lanka.  

1.1 Chikungunya as an etiology of febrile illness in a post-epidemic 

cohort from southern Sri Lanka 

1.1.1 Introduction to Chikungunya virus 

The discovery of Chikungunya virus as an etiology of febrile illness occurred 

after an outbreak of the disease in Tanzania, Africa in 1952-55 and since then it continues 

to remain a global health threat[3]. During this outbreak in Tanzania, infected 

individuals were observed to have a bent or stooping posture hence the name 

Chikungunya derived from the Swahili or Makonde word “Kun qunwala” which means 

“to become contorted” or “that which bends up”[4]. Since Chikungunya virus was first 

isolated in Tanzania in 1953, it has spread across Africa and along the Indian Ocean with 
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cases also reported in Sri Lanka[5]. CHIKV re-emergence in 2006 started with  reports of 

outbreaks in coastal and urban areas after a 40-year absence with an estimated 40 

thousand suspected cases of infection[6]. There was also concern that the outbreaks may 

have spread from India since more suspected cases were in coastal areas and India was 

experiencing the re-emergence of CHIKV with 1.3 million suspected cases of infection 

about the same period[7].  

Chikungunya virus (CHIKV) is an alphavirus of the family Togaviridae and is 

believed to have three distinct lineages with two circulating in Africa and one common 

to Asia [3, 4]. It is borne by the vector Aedes aegypti and Aedes albopictus in Asia where the 

virus circulates between the mosquitoes and humans[4]. In Africa, several vectors 

including  Aedes mosquitoes spp and non-human primates maintain the sylvatic 

transmission[4].  

Chikungunya virus causes an acute febrile illness with symptoms including 

severe arthralgia, headache, myalgia, occasional rash[8] and polyarthritis with rare 

complications of encephalopathy and hepatic failure[6]. In addition, dermatological 

symptoms such as maculopapular rash, facial edema, bullous rash with sloughing and 

localized petechiae and gingivorrhagia in children have been reported[5]. While the 
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symptoms generally last for about 10 days, some individuals continue to suffer from 

joint pain for prolonged periods.  

Treatment for Chikungunya infections is symptomatic with the use of analgesics 

and anti-inflammatory medications for symptoms of headaches, arthralgias, myalgias 

and arthritis[5]. Preventive measures are the same as for dengue virus since they are 

both spread by the Aedes mosquito. This includes controlling the mosquito population 

by getting rid of breeding sites, using bed nets, and spraying insecticides[5]. Infection 

with Chikungunya virus seems to provide immunity, with some animal studies 

showing cross-immunity to other alphaviruses[5]. Efforts are being made to develop a 

vaccine for this disease[5]. This febrile illness is not usually life threatening but has been 

associated with prolonged morbidity that can result in enormous cost both socially and 

economically to the individual as well as the community[6]. 

With several infectious etiologies as leading causes of death especially in 

developing countries, it is necessary to improve local disease surveillance and diagnostic 

tools. It is helpful to clinicians in managing disease and for public health officials in 

designing and enforcing preventive measures [9]. In contributing to knowledge on local 

disease patterns in Sri Lanka, this project evaluated for acute Chikungunya infection and 

previous infections as determined by preexisting IgG antibody using blood samples 
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obtained during the febrile illness project conducted in 2007.  We also isolated and 

sequenced the Chikungunya virus from a subset of the PCR positive samples to 

determine if circulating strains at that time were related to the African strain that was 

responsible for the massive outbreak throughout the region beginning in late 2006 or 

was more consistent with pre-existing strains. 

1.2 Alternative etiologies to Chikungunya. 

Alternative diagnoses for Chikungunya among patients with febrile illness 

throughout South Asia include dengue, leptospirosis, and rickettsial diseases including 

scrub typhus. Classic presentations are the minority of presentations, which leads to 

under and missed diagnosis. Furthermore, previous epidemiologic studies conducted in 

Sri Lanka have suggested an increasing incidence of leptospirosis and dengue fever. 

Estimates of leptospirosis infections include an annual incidence rate of 5.4 per 100,000 

population and 7,421 reported cases with incidence rate of 36.6 per 100,000 population 

for the year 2008[10, 11]. Dengue fever has been on the rise in Sri Lanka with two of the 

largest epidemics occurring in 2009 and 2010[12]. Estimates of dengue fever indicate that 

about 15 thousand cases occurred in the year 2004[13] while in 2009 over 35 thousand 

cases were reported. While the reported cases of both dengue and leptospirosis have 

been increasing, diagnosis has relied heavily on clinical assessment without laboratory 
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confirmation [10]. Between February and November 2007, the Duke-Ruhuna team 

enrolled 1079 febrile patients presenting to the Emergency Department and acute care 

wards and focused on assessing the frequency of likely, but previously undetermined, 

etiologies of febrile illness in Sri Lanka.  The study team enrolled consecutive, febrile 

individuals greater than 2 years old without antecedent (within 7 days) trauma or 

hospitalization, who presented to the clinic, and were eligible for the study. In addition, 

participants were also willing to provide a second serum sample 2 to 4 weeks later. 

Blood samples were obtained on both acute and convalescent visits while urine was 

obtained at acute visit only. Blood cultures, malaria smears, and HIV 1 and 2 antibody 

testing were performed on all enrolled subjects. Paired sera were previously tested for 

IgM and IgG antibodies to dengue virus, Leptospira spp, Orientia tsutusgamushi, Coxiella 

burnettii, Rickettsia spp, Anaplasma, and Ehrlichia.  These initial studies of likely etiologies 

of febrile illness in Sri Lanka using gold standard techniques revealed leptospirosis 

(15.5%)[14], dengue fever and dengue hemorrhagic fever (6%)[15], Scrub typhus (1%), 

spotted fever group (9.7%)  and typhus group rickettsia (3.3%)[16]. Bacteremia was 

uncommon with positive blood cultures obtained in only 9 patients (<0.1%). 
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1.2.1 Dengue 

1.2.1.1 Introduction 

With a similar clinical presentation, shared geographical distribution, and 

common vector (Aedes aegypti and A. albopictus), the leading clinical alternative diagnosis 

for Chikungunya is dengue. Some authors suggest the possibility of several historical 

dengue epidemics to have been caused by Chikungunya virus [3, 4]. There are 

difficulties in distinguishing these two infections since individuals can be co-infected or 

diagnosis missed if dengue and/or Chikungunya is hyperendemic and laboratory 

analyses are not part of standard of care due to cost and limited diagnostic laboratories, 

as observed in Sri Lanka[17]. Some studies report that fevers in Chikungunya infections 

are usually shorter and associated with rash, arthralgia and chronic arthritis compared 

to dengue infections [5, 17]. Fortunately, since both viruses share similar mosquito 

vector, efforts to reduce the breeding sites for these mosquitos helps to decrease the 

transmission of both diseases.  

1.2.1.2 Dengue 

Dengue viruses (genus Flavivirus), borne by mosquitoes, are arboviruses that are 

commonly responsible for human febrile illness worldwide and result in several 

epidemics that are of public health relevance [18]. Dengue epidemics occur with 



 

 

 

8 

 

intervals of  10 to 40 years but are driven by  several environmental viral and human 

factors that  facilitate transmission[19].  Cases are now reported around Asia, Africa, the 

Middle East and the Americas[19]. Estimates of dengue fever and dengue hemorrhagic 

fever are 100 million and 50 million respectively with case-fatality rates of up to 

5%[19]. Dengue in Sri Lanka was first observed in the mid-1960s and over time, these 

infections continues to be a source of epidemics and public health concern for the Sri 

Lankan government[19]. With the large epidemics in 2002 and 2004, the public health 

relevance of dengue viral infections continues to increase with more incidence and 

prevalence in urban and semi-urban areas such as Colombo (the country’s capital), 

Gampaha, and Kalutura[20, 21]. Some factors facilitating the transmission of this disease 

in Sri Lanka include the ground level water storage containers that serve as breeding 

sites for the dengue vector in Sri Lanka, the varying climatic condition with the South 

west and the north east monsoon and the overcrowding observed in urban 

cities[21],[22]. 

Globally, environmental factors such as the life cycle and geographical 

distribution of the major dengue virus vector; A. aegypti, increased population growth 

and movement of people around the globe have fostered the growing incidence of 

infection from this virus[23]. Other mosquito species that have also contributed to the 
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spread of dengue virus include the A. albopictus and  A. polynesiensis which bite at dusk 

and dawn compared to A. aegypti that is present during the day[19]. 

The ability of dengue viruses to adapt to human host and environment has made 

it endemic in most tropic and subtropical areas with 4 antigenically different serotypes 

including DEN-1, DEN-2, DEN-3 and DEN-4[24]. These serotypes are responsible for 

illnesses ranging from mild symptoms to dengue fever and possibly severe dengue 

hemorrhagic fever which has resulted in the death of thousands of children and adults 

worldwide[23]. Some common symptoms observed among infected people include 

fever, headaches, musculoskeletal pains, gastrointestinal symptoms (loss of appetite, 

vomiting, diarrhea and abdominal pain), and dermatological symptoms (rash, flushed 

skin, itching, peeling skin and hair loss)[19].  

Bleeding from different body sites are mainly noted with dengue hemorrhagic 

fever with some light bleeding associated with dengue fever. Furthermore, dengue 

hemorrhagic fever can result in dengue shock syndrome and other complications such 

as liver failure, encephalopathy and myocarditis[19]. Current treatment is supportive 

especially for those that experience dengue hemorrhagic fever and prevention will 

mostly rely on control of the viruses’ vector[23]    
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Infection with one of the serotypes does not confer immunity against the other 

serotypes resulting in the possibility of infections with multiple serotypes [20]. Dengue 

viral infections can occur as a primary or secondary infections with the latter appearing 

to have more severe clinical presentation[19]. Secondary infections tend to be more 

severe because of enhancement from pre-existing immunity to primary infecting 

serotypes [20, 25].  With a virus that has 4 distinct serotypes, particular regions seem to 

have one major type responsible for infections with shifts over time as new serotypes are 

introduced[19]. For example in Asia, there was a shift from DEN-2 as the cause of 

epidemics to DEN-3 causing a major pandemic in 1998[19]. 

Finally, preventive efforts to reduce the incidence of dengue viral infections have 

included controlling the breeding areas of the mosquito vector as well as several vaccine 

development projects that aim to provide immunity against the four antigenically 

different serotypes[24]. 

1.2.2 Leptospirosis 

Another alternative diagnosis for Chikungunya among acutely febrile patients is 

leptospirosis. The zoonotic pathogen, Leptospira, is prevalent in both urban and rural 

settings due to its ability to survive in contaminated water, soil and infected animals 

urine resulting in direct or indirect transmission to tropical residents[10, 14]. 
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Environmental conditions and occupations that increase contact with contaminated 

water, soil and infected animals urine such as farming, animal rearing, increased 

rainfall, poor housing and waste disposal have been associated with cyclical increases in 

cases as seen in Sri Lanka where about 28% of the workforce population is involved in 

agriculture[14]. This cyclical nature of leptospirosis incidence in Sri Lanka is related to 

the monsoons that usually occur around March to May and October to December as 

observed in Figure 1 which shows the number of leptospirosis cases from 2008 to 

2011[26].  

Since the first human leptospirosis case documented in Sri Lanka in 1953, 

leptospirosis has remained endemic in Sri Lanka with outbreaks that often occur and 

result in deaths with case- fatality rate ranging from 5 to 30%[27]. The symptoms of 

leptospirosis range from being asymptomatic, having mild flu-like illnesses with chills, 

headaches and muscle tenderness, mimicking other diseases with undifferentiated fever 

such as dengue fever, influenza, meningitis and hepatitis, and finally to fatal illness[10]. 

Since leptospirosis exhibits clinical manifestations similar to other diseases, it can be 

misdiagnosed in countries like Sri Lanka where most cases are clinically diagnosed and 

few cases are confirmed by serological diagnosis using microscopic agglutination test 

(MAT) or ELISA[10]. 
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Figure 1: Total number of reported cases of Leptospirosis in Sri Lanka by 

Month, 2008 to 2011 (Epidemiology Unit, Sri Lanka) 

The study conducted in Galle, Sri Lanka observed that leptospirosis was a 

frequent cause of acute febrile illness in southern Sri Lanka as shown in Figure 2 and 

moreover, the current diagnostic tools have poor sensitivity to diagnose cases[14].  

Treatment of leptospirosis usually involves antimicrobial therapy and supportive care 

depending on the extent of clinical manifestations of the disease while preventive 

techniques involve social control measures such as advocacy, capacity building, creating 

awareness and providing health education, rodent control since they have been 

implicated as vectors of these disease, vaccination and chemoprophylaxis[28]. 
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Figure 2: Acute leptospirosis and age distribution of participants enrolled in the 

febrile illness study in Galle, Sri Lanka[14]. 

1.2.3 Rickettsial infections 

Rickettsial infections are known to cause acute febrile illness that is associated 

with severe arthritis which can be indistinguishable from Chikungunya using only 

clinical evaluation[29]. While the severe arthritis caused by rickettsial infections will 

respond to antibiotics, the Chikungunya arthritis is tends to last longer and result in 

disability[29]. One study observed that 32%  of clinically presumed Chikungunya 
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infection had confirmed rickettsial infections[17]. It is important to differentiate 

Rickettsioses from Chikungunya as an etiology of acute febrile illness.  Rickettsioses are 

an etiology of febrile illness in the Asia-Pacific region and one report of O.tsutsugamushi 

show prevalence of  less than 6% in Colombo, Sri Lanka[30]. This low prevalence in an 

urban setting is due to scrub typhus being a rural disease with arthropod vectors[30]. 

Our hospital-based febrile illness study also showed that there was Scrub typhus (1%), 

spotted fever group (9.7%)  and typhus group rickettsia (3.3%) present in southern Sri 

Lanka[16].  

 Rickettsial infection are caused by the obligate intracellular  coccobacilli in 

bacterial genus; Rickettsia which include the spotted fever group rickettsia (SFGR), the 

typhus group rickettsia (TGR) and scrub typhus caused by Orientia tsutsugamushi[30].  

Clinical manifestations of rickettsial infections include fever, arthritis, arthralgia, and an  

erythematous maculopapular rash[17]. Treatment  for rickettsial infections includes 

tetracycline or chloramphenicol with a rapid deferversence for therapeutic response and 

supportive care for other complications[30]. 
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1.3  Chikungunya in Sri Lanka-Rationale for study 

Large Chikungunya outbreaks occurred between 2004 to 2006 in islands throughout 

the Indian Ocean such as Reunion, Seychelles, Mauritius, Mayotte and Comoros[8].  

Beginning in October 2006, an epidemic of Chikungunya enveloped Sri Lanka with the 

most affected districts being Puttalam, Kalmunai, Colombo, Jaffna, Mannar and 

Batticoloa and Trincomalee and  no reports from Galle where this study was conducted 

(Table 1)[31].  

Table 1: Distribution of Suspected Chikungunya Cases by Selected Districts 

Districts Number of Cases  

Colombo  5286  

Kandy  444  

Matale  428  

Jaffna  1512  

Vavuniya  147  

Batticoloa  3141  

Kurunegala  327  

Trincomalee  1910  

Puttalam  11125  

Kalmunai  4092  

Mannar  9255  

Galle 0 

Total  37667  

Source: Epidemiology Unit, Ministry of Health Sri Lanka 
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There have been over 37000 suspected cases reported from the country to date. 

During the outbreak, most of the serologic studies included testing for common viral 

sources of acute febrile illnesses such as dengue, measles and rubella. Chikungunya was 

confirmed among the negative samples[17]. 

While the hardest hit areas have been well documented, there is a paucity of data 

on the presence of Chikungunya viral infection in Galle and other areas of southern Sri 

Lanka. In this sub-study, we will determine the prevalence of Chikungunya infection 

among febrile patients in 2007 with assessment of the clinical and epidemiological 

characteristics among children and adults that presented to THK between February and 

November 2007. An assessment of acute and past Chikungunya infection will be 

achieved using the detection of IgG antibody. We also attempted to isolate the 

Chikungunya virus from those with confirmed acute infection and determine if 

circulating strains at the time of the study were related to the African strain that was 

responsible for the massive outbreak throughout the region beginning in late 2006. 
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2. MATERIALS AND METHODS 

2.1 Febrile Cohort 

Participants in this study were recruited from the emergency department, acute 

care clinic and adult and pediatric wards of Teaching Hospital Karapitiya in Galle, 

Southern Sri Lanka. Galle, with a population of over one million people, is one of three 

districts in the Southern Province of Sri Lanka.  Teaching Hospital Karapitiya (THK) is 

the only tertiary care hospital in the Southern Province.  Between 800 and 1000 adult and 

pediatric patients are seen each day in the outpatient department and 50-100 of these 

present with fever.  

Consecutive subjects with febrile (>38°C tympanic) illness aged 2 years and 

above and without antecedent trauma or hospitalization, who presented to the 

aforementioned centers at the hospital during clinic hours (8a-4p Monday – Friday and 

8a- 2p on Saturday) were referred for inclusion. Once verified as eligible and willing to 

participate, they were enrolled in the study. Clinical and epidemiologic data were 

collected and blood was obtained for research study at enrollment and also at 2 to 4 

weeks after.  
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2.2 Sample preparation 

Acute and convalescent blood samples obtained from the patients were 

centrifuged, aliquoted and frozen at Ruhuna Medical University at -80°C. One aliquot 

remained in Sri Lanka and the rest were distributed to collaborating laboratories for 

further testing.  The aliquot used for this study was first screened for dengue at 

University of North Carolina in Chapel Hill at Dr. Aravinda de Silva’s laboratory. No 

residual samples remained from those positive for dengue infection due to the need to 

perform additional studies (PCR, culture). This aliquot was subsequently shipped to 

Duke-NUS for indirect immunofluorescent assay, virus isolation, PCR, and sequencing.  

2.3 Serology for Chikungunya 

2.3.1 Cell cultures 

Baby hamster kidney cells (BHK-21, ATCC number CCL-10) were used to 

propagate the available Chikungunya virus stock (Ross Strain: a gift from the late Chan 

Yow Cheong). The media was removed from the BHK flasks, cells washed once with 1X 

phosphate buffer saline (PBS), and diluted virus stock added before incubation at 37oC 

for 45 min. 2% Inactivated Fetal Calf Serum (FCS, Gibco, Invitrogen Cat#10082-147)-RPMI 

1640 (RPMI, Gibco, Invitrogen Cat#11875) medium was added to the mixture, incubated at 

37oC, 5% CO2 until observed cytopathic effects indicated the virus was ready for 
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harvesting.  The media was centrifuged in a tube at 2000 rpm for 10 min at 20oC and an 

aliquot of the supernatant placed in cryovials and stored at -80oC. 

2.3.2 Chikungunya Virus Slides 

A BHK monolayer was prepared for Chikungunya virus inoculation. The cell 

cultures of Chikungunya virus stored at -80oC were thawed and diluted; one in five 

parts. An aliquot was placed in a flask, incubated at 37oC, 5% CO2 incubator for 45 min. 

15ml of 2% maintenance RPMI was added and the flask incubated overnight at 37oC, 5% 

CO2 before discarding the supernatant and washing the cells once in 1x PBS. The flask 

was trypsinized and the cells washed once with 1x PBS in 50ml tubes. After centrifuging 

at 2500 rpm for 10 min at 20oC, the supernatant was discarded and the cell pellet mixed 

with 1ml of PBS to get sufficient turbidity to fill cells to 90% - 95% of the well. The slides 

were left to dry and fixed with 70% methyl alcohol for 15 min. Preparation of 

Chikungunya cell cultures and virus slides were done by Angelia Chow in Dr. Duane 

Gubler’s laboratory at Duke-NUS Graduate Medical School Singapore. 
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Sample 

Name 

 

  

 

 

 

 

Figure 3: An example of a slide used in immunofluorescence staining for IgG 

antibody (Courtesy of Robert Chua). 

 

2.3.3 Immunofluorescent Staining for IgG antibody 

Serum was diluted 1:32 in PBS for screening the convalescent samples and 

further 1:64 for positive results from screening convalescent, and finally serial 2-fold 

dilution of sera in PBS from 1:32 to 1:256 for paired sera of acute and convalescent 

samples. A known human positive serum sample and human negative serum sample 

were used as controls.  

For the immunofluorescent staining, 20 µl of diluted serum is added onto each 

well on the slides (Figure 4) and incubated at 37oC for 30 minutes in a humidified box. 
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The slides were rinsed several times with 1X PBS and then immersed in 1x PBS for 5 

minutes before air drying. 20 µl of FITC conjugated anti

Evans’ Blue are placed onto each w

humidified box. After rinsing several times with 1X PBS and then immersing the slide in 

1x PBS for 5 min, the slides are air dried and  10 µl of mounting fluid is placed onto each 

well and mount with coverslip.
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positive result was determined when a distinct greenish yellow fluorescence to strong 
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fluorescence with red cell background was seen

 

   

Figure 4: An example of a) positive and b) negative result with indirect 

immunoflu
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The slides were rinsed several times with 1X PBS and then immersed in 1x PBS for 5 

minutes before air drying. 20 µl of FITC conjugated anti-human IgG antibody with 0.1 % 

Evans’ Blue are placed onto each well and incubated at 37oC for 30 minutes in a 

humidified box. After rinsing several times with 1X PBS and then immersing the slide in 

1x PBS for 5 min, the slides are air dried and  10 µl of mounting fluid is placed onto each 

well and mount with coverslip. This was read with a fluorescence microscope at 20X 

objective or 40X objective to verify the end-point. An appropriate FITC filter was used. A 

positive result was determined when a distinct greenish yellow fluorescence to strong 

green fluorescence was observed and a negative result when very weak or no 

fluorescence with red cell background was seen (Figure 4).    

                     

Figure 4: An example of a) positive and b) negative result with indirect 

immunofluorescent assay (Courtesy of Robert Chua) 

B 

The slides were rinsed several times with 1X PBS and then immersed in 1x PBS for 5 

human IgG antibody with 0.1 % 

C for 30 minutes in a 

humidified box. After rinsing several times with 1X PBS and then immersing the slide in 

1x PBS for 5 min, the slides are air dried and  10 µl of mounting fluid is placed onto each 

This was read with a fluorescence microscope at 20X 

point. An appropriate FITC filter was used. A 

positive result was determined when a distinct greenish yellow fluorescence to strong 

erved and a negative result when very weak or no 

 

Figure 4: An example of a) positive and b) negative result with indirect 
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2.3.4 Serologic interpretation 

We defined Acute Chikungunya infection as either IgG seroconversion (4-fold 

increase in antibodies between acute and convalescent sera) or an increase in antibody 

titer from none observed in acute serum to presence of antibody in convalescent serum.  

We defined the presence of IgG antibody in both acute and convalescent without 4-fold 

increase as past Chikungunya infection.  

2.4 Virus Isolation 

The author and Angelia Chow trypsinized C6/36 cells diluted them in growth 

media (8% FCS), and added them to tubes that were incubated at 30 0C for 24 hours. 

After washing and decanting each tube with 1X PBS, diluted (1:20) serum was added 

and incubated for 1 hour at 370C, 5% CO2. Maintenance media was added and the tubes 

incubate at 30 0C while observing daily for cytopathic effects (CPE). When there was 

obvious CPE, we harvested the supernatant and performed indirect immunofluorescent 

assay on the cells.  

 



 

 

 

23 

 

2.5 Real time – polymerase chain reaction  

Reverse Transcription was performed  (Angelia Chow) using the Superscript III 

First Strand Synthesis System (Invitrogen) to make the RNA master mix and the cDNA 

master mix. The RNA master mix was made using random hexamer, dNTP and RNA 

extract with cycle condition of 65oC for 5 minutes and then adding cDNA master mix 

consisting of buffer, RNaseOut, Magnesium chloride, DTT and SuperScript III. This 

mixture was cycled at a sequence of 25oC for 10 minutes, 50oC for 50 minutes and 85oC 

for 5 minutes. At the end of the cycle, she added RNaseH and the mixture cycled for 

37oC for 20 minutes.  

Real Time-Polymerase Chain Reaction (RT-PCR) was performed with a PCR 

master mix made of Magnesium chloride, water, cDNA, Chik Forward primer E1-F(5’ 

AAG CTY CGC GTC CTT TAC CAA G 3’) and reverse primer Chik E2-R(5’ CCA AAT 

TGT CCY GGT CTT CCT 3’) using the LightCycler480 SYBR Green I Master kit (Roche) 

according to manufacturers’ instructions. The RT-PCR was made using cDNA from 

acute sera samples from positive seroconversion using IgG IFA, a negative control with 

water substituted for cDNA and a positive control with cDNA from cell-cultured 

viruses. The cycling condition included denaturing at 95oC for 5 minutes, PCR (95oC for 

10 seconds, 55oC for 5 seconds and 72oC for 10 seconds) for a total of 25 seconds, melting 
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curve (95oC for 5 seconds, 55oC for 1 minute) for a total time of 1 minute 5 seconds and 

cooling for 40oC for 10 seconds before melting curve analysis. Of note, the melting peak 

for Chikungunya virus is between 85.1 and 85.7.  For inconclusive samples, Angela 

performed subsequent electrophoresis on a 1.5% agarose gel to confirm the presence of 

Chikungunya with a band at 208bp.    

2.6 Sequencing 

To determine the local strain, we chose to sequence three Chikungunya isolates 

obtained during the beginning, middle, and end (April, July and October) of the 

enrollment period using the Chikungunya E1 gene. We sequenced the Chikungunya E1 

gene by making a PCR master mix consisting of water, forward primer E42F (5’-

AACAGGAAGCAAAGCAGAAAG-3’), reverse primer E13R ( 

5’GTGTGTCTCTTAGGGGACACATA-3’), Magnesium chloride, PCR buffer, dNTP, 

platinum Taq DNA polymerase and cDNA template. Cycling conditions included 94oC 

for 3 minutes and then a sequence of 94oC for 30 seconds, 50oC for 1 minute and 72oC for 

1 minute 30 seconds for 40 cycles and then 72oC for 7 minutes and 4oC forever. A nested 

PCR mix using the method described above was performed using forward primer E11F 

(5’ACAAGCCCTTATTCCGCTG-3’) instead of forward E42F. PCR products were run on 
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a 1.5% agarose gel and visualized with a size of approximately 1.5kb excised and sent 

for sequencing to the Duke-NUS core laboratory. 

 

 

Figure 5: Schematic of the diagnostic testing for Chikungunya virus in paired sera 

from southern Sri Lanka 

2.7 Geographic Information System (GIS) Mapping 

An MSc classmate, Winston Gong had obtained Information on the ecological 

and socioeconomic status of Southern Sri Lankan for another study working on GIS 

mapping of the febrile illness project. He combined this information with knowledge on 

the confirmed acute cases of Chikungunya and used it to plot the spatial distribution of 

the confirmed acute Chikungunya cases with some ecological and socioeconomic 

observations. We present a map of the location of the acute Chikungunya infections 

superimposed on a spatial population density and hospitals in the region. 
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2.8 Ethical review 

The institutional review boards of Ruhuna University, Johns Hopkins University, 

and Duke University Medical Center approved the study. 

  

2.9 Statistical Analysis 

We compared those with acute or past Chikungunya infection to those without 

infections. Proportions were compared using the χ2 test or Fisher exact test and 

continuous variables were compared by the Student t test. The risk relationship and 95% 

confidence intervals between Chikungunya infection status and patient characteristics, 

exposures and physical symptoms, signs and laboratory parameters were calculated 

using exact methods or bivariable analysis. Graphical analysis of acute Chikungunya 

infection by month and also by age group was performed. Analyses were completed 

using Stata IC 12.0 (StataCorp LP, College Station, TX, USA).  
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3. RESULTS 

3.1 Febrile Patient Characteristics  

Of the 1097 enrolled in the Galle febrile illness study from February to 

November 2007, 797 (73.8%) paired sera were available for serologic studies. 

Figure 6 displays the flowchart from the number enrolled in the study to the final 

number that were classified as having acute or past Chikungunya infection. The 

median age was 30 (IQR: 18-48) with a higher predominance of adults in the age 

category 18-54 years (63%). This study included more males (61%) than females, 

and 91% reported residence in rural areas.  62% of the study participants had less 

than primary school education and only 5% had a university education.  
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Figure 6: Flowchart indicating selection of study participants diagnosed with either 

acute or past infection. 

Enrolled 

n = 1,079 

Paired serum samples 

n = 889 

No paired serum samples 

n = 190 

Not available for analysis 

n = 92 

Analyzed serum samples 

n = 797 

Infection 

n = 40 

No infection 

n = 757 

Acute infection 

n = 28 

Past infection 

n = 12 
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3.2 Comparison of demographics with acute and past infection to 

those without Chikungunya infection   

Initial screening (1:32) of the 797 convalescent sera identified 109 (13.7%) with 

Chikungunya IgG antibody. Second tier screening at 1:64 of the 109 sera yielded 44 

(40.4%) that screened positive 5.5% of the original 797 paired sera.  The positive 

convalescent samples with their acute sera were serially diluted from 1:32 to 1:256 to 

assess for seroconversion.  

There were 28 acute Chikungunya infections (4 fold increase between acute and 

convalescent sera or presence of antibodies in convalescent but absent in acute 

antibodies), and 12 past infections (presence of antibodies in both acute and 

convalescent without seroconversion). The remaining 4 sera were either inconclusive or 

negative. The characteristics of patients presenting with acute or past Chikungunya 

infection compared to those without infection are shown in Table 2. Those with acute or 

past infection Chikungunya were younger compared to those without infection (30 vs 41 

years, p=0.04), but acute infection was not reported in children less than 11 years. In 

contrast, adults aged 18 to 54 years contributed 75% of the acutely infected patients. 

Male gender was associated with acute infection (80% versus 59.7%, p=0.01).  
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Table 2: Demographic characteristics of febrile patients with acute and past 

infection versus those without  infection in southern Sri Lanka 

Demographic 

characteristic 

% with acute or past 

Chikungunya, n = 40 

% with neither acute 

nor past 

Chikungunya, n = 757 p value* 

Median age, y (IQR) 30 (18-47) 41 (27.5-51) 0.043 

10 yrs and under 0 11.2  

      11 – 17 yrs 5.0 10.9  

      18 – 54 yrs 75.0 62.0  

55 yrs and older 20.0  15.7  

Male sex 80.0 59.7 0.010 

Residence   0.092 

Urban 17.5 7.9  

Rural 82.5 91.8  

Type of work   0.010 

Home 23.1 26.9  

Laborer 28.2 25.3  

Farmer 2.6 2.7  

Merchant 10.3 2.7  

Student 5.1 23.1  

Other 30.8 19.3  

Animal exposures    

Cat 25.0 34.1 0.236 

Goat 0 1.9 0.386 

Dog 47.5 54.2 0.410 

Rodent 27.5 26.4 0.880 

Cow 2.5 5.3 0.437 

Other 2.5 7.5 0.232 

Education    0.168 

Less than primary 45.0 62.7  

Primary 27.5 19.1  

Secondary 20.0 13.6  
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 University or higher 7.5 4.6  

Swim/bathe/wade    0.928 

None 76.9 74.2  

River 10.3 13.0  

Paddy field 10.3 10.2  

Pond/lake 0 1.1  

Other 2.6 1.6  

Drinking water 

source 
  0.053 

Tap 50.0 29.5  

Boiled 7.5 9.6  

Well 42.5 60.3  

River 0 0.7  

IQR (Interquartile range), y (years), *continuous variable by student t test and proportions 

 by χ2 test or Fisher exact test 

 

A majority of individuals in both infected and non-infected group (83% vs 92%) 

lived in rural communities and no occupation dominated the 2 groups. Dogs, cats and 

rodents exposure were prevalent among both infected and non-infected individuals and 

the education status of both groups were similar with more people reporting less than 

primary school education. Of the participants in the study, swimming, bathing or 

wading in rivers, paddy fields or lake was not common while tap water was a common 

drinking water source for the infected group compared to the non-infected group that 

reported obtaining drinking water from wells. 
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3.3 Acute infection 

According to a 4-fold rise of IgG antibodies in paired sera, we identified 28 acute 

Chikungunya infections. The clinical characteristics of these groups compared to those 

without acute infection which included those without past or no Chikungunya infection 

are listed in Table 3-5. Those with acute infections were older than non-acute infections 

(40 years compared to 30 years, p=0.07) and were more likely males (82% compared to 

60%, p=0.02). Patients with acute infection were more often admitted to the hospital 

(93% vs 71%, p=0.001), but prior antibiotic use (40% vs 35.5%, p=0.64) was similar 

between groups. Joint pain (71% vs 44%, p=0.006), and muscle pain (82% vs 47%, 

p=<0.001) that were associated with acute Chikungunya infection. A short duration of 

fever (0-3 days) was more often reported among both groups with 79% in the acute 

infection group versus 54% in the non-acute infection group. 
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Table 3: Clinical characteristics of febrile patients with acute versus without 

acute  Chikungunya infection in southern Sri Lanka (symptoms) 

Clinical features 

% with acute 

Chikungunya, n = 28 

% without acute 

Chikungunya, n = 769 

p 

value* 

Median age, y (IQR)      40(28.5-50.5) 30(18-48) 0.071 

Male 82.1 60 0.018 

Admitted to hospital 92.9 70.7 0.009 

Prior Antibiotic use 40 35.5 0.644 

Symptoms    

   Sore throat 17.9 29.3 0.287 

   Headache 75 77.8 0.817 

   SOB 10.7 17.1 0.605 

   Cough (any) 14.8 59.8 <0.001 

       Dry 10.7 30.7 0.021 

       Productive 3.7 36.2 0.001 

       Bloody 0 1.8 1.000 

   Vomiting 32.1 37.1 0.692 

   Diarrhea 17.9 10.3 0.205 

   Abdominal pain 10.7 19.3 0.332 

   Painful urination 14.3 14.1 1.000 

   Decreased urination 7.1 9 1.000 

   Joint pain 71.4 43.5 0.006 

   Muscle pain 82.1 47.4 <0.001 

   Lethargy  51.9 66.9 0.145 

    

IQR (Interquartile range), SD (Standard deviation), * continuous variable by student t 

test and proportions by χ2 test or Fisher exact test 
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Table 4: Clinical characteristics of febrile patients with acute  versus non-acute  

infection in southern Sri Lanka (Signs and Laboratory parameters) 

Clinical features 

% with acute 

Chikungunya, n = 28 

% without acute  

Chikungunya, n = 

769 p value* 

Signs    

Mean temperature, 
oC(SD) 

38.4(0.61) 38.5(0.64) 0.588 

   Fever duration    0.011 

0-3 78.6 53.5  

4-7 21.4 32  

>7 0 14.7  

   Rash 10.7 1.8 0.019 

 Conjuctival injection 35.7 13.4 0.003 

  Lymphadenopathy 17.9 23.7 0.650 

  Lung crackles 3.6 5.1 1.000 

  Tender abdomen 7.1 9.3 1.000 

  Hepatomegaly 3.6 5.1 1.000 

  Splenomegaly 0 0.9 1.000 

Laboratory Parameters, median(IQR) 

    Leukocytes, cells/µL 4500(3500-6400) 8100(6000-11200) <0.001 

   Absolute neutrophil 

count, cells/µL 
3150(2223-5248) 5549(3724-8140) 0.001 

   Absolute lymphocyte 

count, cells/µL 
1305(1584-2835) 2128(969-1728) <0.001 

   Hemoglobin, g/dL 13.8(12.8-14.6) 12.5(11.6-13.7) <0.001 

   Platelets, 1000/µL  181.0(147-256) 233.5(190-297)  0.005 

IQR (Interquartile range), y (years), * continuous variable by student t test and 

proportions by χ2 test or Fisher exact test 

 

    

The risk ratios of acute versus non-acute infection for several demographic and clinical 

characteristics are listed in table 4-6. Female gender (RR: 0.34 CI: 0.13, 0.87, p=0.026) was 
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associated with lower risk of acute infection.  Clinical symptoms that were associated 

with acute Chikungunya infection included joint pain (RR: 3.12, CI: 1.39, 7.00, p=0.004), 

muscle pain (RR: 4.86, CI: 1.87, 12.67, p=<0.001). Signs that were associated with acute 

Chikungunya infection included rash (RR: 5.49, CI: 1.83, 16.45, p=0.001) and conjunctival 

injection (RR: 3.36, CI: 1.59, 7.10, p=0.001). Figure 7-8 shows the distribution of acute and 

non-acute infection in the different months during the study and the different age 

categories among enrolled individuals. 

 

Table 5: Risk ratio, Confidence Interval by demographic characteristics of 

febrile patients with acute versus  non-acute  Chikungunya infection in 

southern Sri Lanka 

Demographic 

characteristic RR CI               p value* 

Age     

10 yr and under n/a 0 n/a 

     11 – 17 yrs 0.26 0.035, 1.86 0.178 

     18 – 54 yrs 1.0 -- -- 

55 yrs and older 0.68 0.24, 1.94 0.475 

Sex    

    Male 1.0 -- -- 

   Female 0.34 0.13, 0.87 0.026 

Residence    

   Urban 1.0 -- -- 

   Rural 0.55 0.20, 1.53 0.251 

Type of work    

   Home 1.0 -- -- 

   Laborer 1.68 0.56, 5.05 0.355 
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  Farmer 1.98 0.24,16.17          0.523 

  Merchant 5.2 1.32, 20.41 0.018 

  Student 0.24 0.03, 2.04 0.191 

  Other 2.42 0.83, 7.06 0.107 

Animal exposures    

  Cat 0.66 0.28, 1.53 0.330 

  Goat n/a 0 n/a 

  Dog 0.86 0.41, 1.78 0.679 

  Rodent 1.54 0.72, 3.29 0.261 

  Cow n/a 0 n/a 

  Other 0.47 0.07, 3.41 0.456 

Education    

  Less than  primary 1.0 -- -- 

  Primary 1.46 0.57, 3.78 0.433 

  Secondary 2.38 0.97, 5.83 0.057 

  University or higher 1.99 0.47, 8.49 0.354 

Swim/bathe/wade     

  None 1.0 -- -- 

  River 0.50 0.12, 2.10 0.347 

  Paddy field 0.63 0.15, 2.64 0.532 

  Pond/lake n/a 0 n/a 

  Other n/a 0 n/a 

Drinking water source    

  Tap 2.10 1.00, 4.39 0.050 

  Boiled 0.48 0.06, 3.64 0.480 

  Well 1.0 -- -- 

  River n/a 0 n/a 

* exact methods or generalized linear model 
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Figure 7: Presence of infection by month among study participant
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Figure 8: Acute infection compared to non-acute infection for different age group 
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Table 6: Risk ratio, Confidence Interval by clinical features among acute cases 

versus non-acute Chikungunya cases in southern Sri Lanka 

Clinical features RR CI      p value* 

Symptoms    

Sore throat 0.53 0.21, 1.39 0.19 

Headache 0.86 0.37, 2.00 0.73 

    SOB 0.59 0.18, 1.93 0.38 

Cough (all)  0.12 0.04, 0.36 <0.001 

Dry 0.28 0.09, 0.92 0.02 

Productive 0.07 0.01, 0.53 0.001 

Bloody 0 0 0 

Vomiting 0.81 0.37, 1.77 0.59 

Diarrhea 1.84 0.72, 4.73 0.20 

Abdominal pain 0.51 0.16, 1.68 0.26 

Painful urination 1.01 0.36, 2.87 0.98 

Decreased urination 0.76 0.19, 3.24 0.74 

Joint pain 3.12 1.39, 7.00 0.004 

Muscle pain 4.86 1.87, 12.67 <0.001 

Lethargy  0.55 0.26, 1.14 0.10 

* exact methods or generalized linear model 
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Table 7: Risk ratio, Confidence Interval by clinical features among acute cases 

versus non-acute Chikungunya cases among febrile patients in southern Sri 

Lanka 

Clinical features RR CI p value* 

Signs    

    Fever duration    

0-3 1.0 -- -- 

4-7 0.47 0.19, 1.14 0.10 

     >7                n/a 0 0.99 

    rash 5.49 1.83, 16.45 0.001 

 Conjuctival injection 3.36 1.59, 7.10 0.001 

Lymphadenopathy 0.71 0.27, 1.84 0.48 

Lung crackles 0.23 0.03, 1.64 0.10 

Tender abdomen 0.76 0.18, 3.14 0.70 

Hepatomegaly 0.70 0.10, 5.01 0.72 

Splenomegaly 0 0 0 

*exact methods or generalized linear model 

 

3.4 Confirmation of Acute Chikungunya with isolation, PCR and 

Sequencing 

Of the 28 acute infections detected from seroconversion, 10 (36%) were positive 

by culture and 18 (64%) by PCR. The duration of fever of 0-3 days was similar in both 

samples isolated by culture compared to PCR (9 (90%) vs 16 (89%)). Isolates chosen from 

the acute infection group for 3 individuals that presented with febrile illness to THK 
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with one in April, another in July and the last in October all had the E1-226A mutation 

on the E1 protein which is consistent with the African strain. 

3.5 GIS Mapping 

Figure 10 shows the geospatial distribution of acute Chikungunya cases by PCR 

positive or negative status. We also present febrile patients enrolled in the study. There 

is no obvious pattern on location of acute Chikungunya infection.  
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Figure 9: Geospatial distribution of Chikungunya cases superimposed on population 

density and hospital locations in southern Sri Lanka 
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4. DISCUSSION 

We isolated Chikungunya virus from the sera of febrile patients enrolled in the 

acute febrile illness study and observed that 3.5% among the 797 patients analyzed had 

acute infection. In addition, we also observed 1.5% with past Chikungunya infection. 

Our data show the presence of Chikungunya virus infection in the population of 

southern Sri Lanka. However, it is not usually on the differential diagnosis for patients 

presenting with acute febrile illness. Of the 28 patients with acute infection, only one 

patient received a presumptive diagnosis of Chikungunya.  

Of the 797 convalescent sera screened (1:32) and rescreened (1:64) by 

Chikungunya IgG antibody IFA, 3.5% (28) were seroconversions while 1.5% (10) were 

past infections.  Among the 28 seroconversions, 36% (10) were isolated by culture and 

64% (18) by PCR. 

The main methods used for diagnosing Chikungunya include serology (IgG or 

IgM) and RT-PCR. The choice of the aforementioned antibodies is explained by IgM 

which is usually present about 2 days to 3 months after infected and IgG occurs during 

the convalescent period and lingers for years while for RT-PCR, it  can detect the virus 

during the viremic stage[5]. Serology for this project was done using indirect 

immunofluorescent and was designed in-house at Duke-NUS. IFA performance can be 
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limited by subjectivity from evaluator’s experience, chemicals, and biological tools used 

in the diagnosis.  Although IFA is plagued by subjectivity, false positives or negatives 

depending on the evaluator and their experience, this test in combination with other 

tests such as PCR, viral isolation, IgG ELISA and sequencing are helpful in diagnostics. 

This is not usually feasible in most developing countries where there are limited 

resources available for healthcare hence the need for hospital based cohort study to 

delineate etiologies of febrile acute illnesses. Information that has been gained from 

hospital studies is helpful for both physicians and the public health ministries to address 

these etiologies. 

Unique strengths of this project include a large population from a hospital-based 

study with 80% follow up to obtain paired sera for diagnostic laboratory studies and 

combination of several diagnostic tests to determine the presence of acute Chikungunya 

infections. One limitation of this study was that given the small population of acute 

Chikungunya infection, we were not able to calculate risk ratios with multivariable 

analysis to delineate associations between infections, clinical characteristics and 

laboratory parameters. 
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4.1 Chikungunya viral sequence 

Studies have isolated three distinct antigenic and genotypic lineages of 

Chikungunya virus from outbreaks that occurred in Africa and Asia over the years and 

these include the East, Central, Southern Africa phylogroup, the Asian phylogroup and 

the West African phylogroup[5]. Sequencing of the Chikungunya virus strains from 

infected patients along the Indian Ocean during the 2005-2006 outbreak, observed an 

alanine to valine mutation at residue 226 of the membrane fusion glycoprotein E1(E1-

A226 V) in the ECSA genotype[5, 32]. This mutation has been connected to the virus 

adaptability to a new vector (Aedes albopictus) resulting in efficient transmission of the 

virus and increased infectivity  compared to the wild type of the virus, Aedes aegypti 

which has limited geographical range[5, 32].  We observed this mutation present in the 

strain from sequencing the Chikungunya virus isolates from patients enrolled during 

the early, mid and late period of this febrile illness study.  This is consistent with the 

mutation of the ECSA genotype from previous studies.  

With a 99.9% sequence similarity between the ECSA strains in Reunion Island 

and India, absence of evidence for recombination between the Asian and ECSA 

genotype in India, some school of thought believe that ECSA genotype was introduced 

to India from the Island along the Indian Ocean[7]. Another school of thought 
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hypothesizes that the ECSA strains in the Indian Ocean evolved separately from the 

Indian strain with clusters in the Indian sub-lineage from the strains found in Sri Lanka, 

Singapore and Maldives[6].   In addition, the close proximity between India and Sri 

Lanka and the frequent travel that occur due to improved transportation makes the 

possibility of the Indian ECSA genotype more likely in Sri Lanka[6]. 

Furthermore, during the outbreak in Sri Lanka starting October 2006, the initial 

strain responsible  was devoid of the E1-A226 V mutation and were mainly reported in 

coastal and urban areas however  cases reported in 2008 were observed to have this 

mutation and were present in plantation areas[3]. This phenomenon of initial strains 

without mutation and later strain with the E1-A226V mutation was also observed in 

other Southeast Asian countries like Indian and Singapore[6].  

4.2 Impact of Chikungunya in Sri Lanka 

Teaching Hospital Karapitiya where this study was conducted is a tertiary 

hospital that serves a large catchment area in Southern Sri Lanka and provides a 

representative population from the general population that lives in this part of Sri 

Lanka. While this area is not listed as one of the affected population during the outbreak 

in Sri Lanka in 2006, our results indicate the presence of the infection in this location. 

With Colombo, the country’s capital close to Galle, there is the possibility that infected 
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persons could have traveled and carrying with them the Chikungunya viral infection. 

This is not only limited to Colombo but other areas where infected persons could have 

resided before coming to this area of Southern Sri Lanka. 

Furthermore, Chikungunya in Asia is considered an urban disease because of its 

common vector (Aedes aegypti) with dengue virus which is observed in densely 

populated environment [15, 33]. With the emergence of Aedes albopictus as a vector for 

CHIKV after the Reunion epidemic in 2005, reports of CHIKV in rural areas were 

reported in India during the outbreak that occurred in 2007[33]. Our study indicates the 

predominance of acutely infected individuals residing in rural areas (82.5%) which is 

consistent with previous report of infections in rural areas. While there is emerging 

predominance of Chikungunya disease in rural areas, there is still the impact of 

environmental practices on the transmission of the virus. Our study indicates that more 

often, acutely infected individual reported using taps (50%) versus wells (42.5%) as their 

drinking water source compared to individual with other febrile illnesses that reported 

using wells (60.3%) versus taps (29.5%). This use of taps common among those acutely 

infected with Chikungunya may be related to individuals storing tap water in containers 

at home that may serve as breeding grounds for the mosquitoes.   
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Since it was first discovered in Africa in 1952, CHIKV has spread to Asia with the 

first known case occurring in Bangkok, Thailand in 1956 and dissemination to other 

areas such as the Philippines, Malaysia and India[33]. CHIKV in India was first reported 

in Kolkata in 1963 and spread to coastal areas like Chennai with the last reports in Barsi 

in 1973 during that epidemic[7]. Before the re-emergence of CHIKV in India in 2005-

2006, there were some hypothesis that the virus had disappeared from Southeast Asia 

and Asia which was clearly not the case [7]. During the re-emergence of CHIKV in India, 

there were 1.3 million suspected cases of infection with genetic analysis indicating that it 

was not the initial Asian genotype but the East, Central and South African (ECSA) 

genotype responsible for the epidemic[7]. Other areas also reporting an outbreak of 

Chikungunya in Asia between 2006 to 2008 included Thailand, Singapore with about 

1000 infected cases, Malaysia with 7000 infections, and Maldives with 12000 suspected 

cases[6]. In Sri Lanka, the re-emergence of CHIKV started in 2006 with  reports of 

outbreaks after a 40-year absence and an estimated 40 thousand suspected cases of 

infection[6]. 

Although Chikungunya viral infection is usually not fatal, there have been 

reported cases of respiratory failure and brain infections especially among older patients 

with co-morbidities and crippling joint pains that can last for months to even years[34].  
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This was also evident in our results with more patients in the acute infection group 

reporting arthralgia (71% versus 44%, p=0.006), and myalgia (82% versus 47%, p=<0.001) 

compared to the non-acute infection group. Furthermore, the impact of this kind of 

outbreak is also felt in the health care system as well as in the economy due to the 

debilitating impact this infection can have on individuals as was observed in Reunion 

Island where about $160 million was lost in the tourism industry due to an outbreak of 

Chikungunya infection[34]. While treatment is mostly supportive with prescription for 

pain medications or anti-inflammatory drugs in severe cases, drug discovery and 

vaccine development are underway to help alleviate the morbidity associated with this 

disease[34]. 

The potential for spread of Chikungunya virus is a reality that could result in 

more infections around the world especially with improved transportation from one 

part of the world to the next. Furthermore, from reported outbreaks of Chikungunya 

infections in several countries such as Reunion Island, Kenya, India, Italy and Sri Lanka 

and studies comparing the genetic characteristics and evolutionary relationships 

between the strains in both Africa and Asia the transmissibility of Chikungunya has 

improved[6]. This is due to the  observed mutations that have enhanced the 

transmissibility of the virus in Aedes albopictus which has a greater global distribution 
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than Aedes aegypti[6]. The implication is that there is potential for global spread and also 

in areas that already have a high prevalence of dengue as observed in Sri Lanka due to 

common vector. 

4.3 Conclusion 

In summary, since the outbreak in 2006, Chikungunya is one of the etiologies of 

acute febrile illness in Southern Sri Lanka and can be appropriately diagnosed if there 

are adequate and available diagnostic tools. The knowledge gained from this hospital 

based study is important to clinicians for diagnosis and treatment of affected patients 

and to public health officials as it directs the appropriation of time and funds for 

relevant strategies that achieve maximal result in preventing diseases. Furthermore, it 

will also help prevent misdiagnosis and improper use of antimicrobial therapy which is 

common in areas with low diagnostic capabilities. 
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