
Annals of Microbiology and Infectious Diseases 

Volume 3, Issue 1, 2020, PP 7-14 

ISSN 2637-5346  

 
 

 

 

Annals of Microbiology and Infectious Diseases V3 ● I1 ● 2020                                                                     7 

Determining Environmental and Socioeconomic Risk Factors 

for Dengue Infection among the Resident Population of Kandy 

District, Sri Lanka 

Vidusha K. Kothwella
1
, Andrew W. Taylor-Robinson

2*
 

1
Department of Microbiology, Faculty of Medicine, University of Peradeniya, Kandy, Sri Lanka 
2 
Infectious Diseases Research Group, School of Health, Medical & Applied Sciences, Central 

Queensland University, Brisbane, Australia 

*Corresponding Author: Professor Andrew W. Taylor-Robinson, School of Health, Medical & 

Applied Sciences, Central Queensland University, 160 Ann Street, Brisbane, QLD 4000, Australia. 
Email: a.taylor-robinson@cqu.edu.au 

 

INTRODUCTION 

Dengue is an arthropod-borne virus (arbovirus) 

infection of humans caused by dengue virus 

(DENV). This is classified within the family 

Flaviviridae and the genus Flavivirus. DENV is 

an enveloped positive-sense RNA virus that 

comprises four formally recognized serotypes, 

DENV 1-4 (Halstead 2007). The existence of a 

fifth serotype was advanced recently (Mustafa et 

al., 2015). However, definitive demonstration of 

this serotype awaits the recovery and 

characterization of an isolate so as to confirm, or 

conversely to refute, its singularity (Taylor-

Robinson, 2016). Disease severity varies 

between mild, self-limiting dengue fever (DF) 

and more severe forms (dengue haemorrhagic 

fever, DHF, and dengue shock syndrome, DSS) 

(Wilder-Smith et al., 2019). Infection with one 

DENV serotype provides immunity only to that 

serotype and the pathogenesis of severe dengue 

is still not completely understood (WHO, 2019). 

Although the exact mechanism of pathogenesis 

of DENV is unclear, if secondary or subsequent 

infection is with a heterologous serotype to that 

which caused primary infection the 

immunopathological phenomenon of antibody-

dependent enhancement is thought to contribute 

(Pang et al., 2017). 

Patients with an undifferentiated febrile illness 

that is suspected to be dengue are typically 
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admitted to hospital and considered clinically by 

physicians to have dengue infection according 
to World Health Organization (WHO) 

diagnostic criteria (axillary temperature > 38.0 

°C, plus two or more symptoms of headache, 
retro-orbital pain, myalgia and arthralgia) 

(WHO, 2009). In resource-limited settings these 

signature symptoms may be attributable to other 
infectious diseases that may be prevalent 

locally. Where laboratory facilities are available, 

dengue infection is confirmed by detection of 

virus NS1 antigen using a commercial rapid 
diagnostic test. This enables an early diagnosis – 

on the first day of fever – at least 5 days before 

antibodies are detectable (Gyawali and Taylor-
Robinson, 2017).  

DISEASE EMERGENCE AND PREVALENCE 

GLOBALLY 

As a consequence of environmental, 

demographic, ecological and epidemiological 
changes over recent decades the global range of 

dengue outbreaks and the risk of infection has 

each grown considerably (Guzman et al., 2010; 

Gyawali et al., 2016a). During the last 60 years 
the global incidence has escalated by 30-fold 

(Bhatt et al., 2013). The disease is now endemic 

to around 125 tropical and subtropical countries, 
placing at risk of infection more than 3.5 billion 

people, just under half of the world’s population 

(CDC 2019; WHO, 2019). The current global 

incidence of dengue is conservatively estimated 
at 400 million reported infections, both 

asymptomatic and symptomatic, annually (CDC 

2019; Wilder-Smith et al., 2019). The 
occurrence of DHF and DSS has also become 

more frequent. To date, there are no effective 

and widely accepted antiviral agents available to 
treat dengue, the development of which has 

faced several significant setbacks. This is due 

primarily to the fact that DENV 1-4 are 

antigenically distinct and often mutate due to 
error-prone replication of their RNA genome. 

Ideally, an anti-viral therapeutic or vaccine 

would be effective against all four DENV 
serotypes (Sirisena and Noordeen, 2014).   

The annual worldwide incidence of clinical 

cases of dengue is close to 100 million 
notifications (Stanaway et al., 2016; WHO, 

2019). The WHO estimates that over 500,000 

people with severe dengue are hospitalized 

annually and 2.5% of those patients die from 
severe symptoms and shock (CDC, 2019; WHO, 

2019). This equates to 1.1 million disability-

adjusted life-years globally. The real number of 

dengue cases in the world is likely to be 

significantly higher than official statistics 
(Akteret al., 2017). In Asia, DHF affects both 

children and adults, but in other parts of the 

world DHF remains primarily a paediatric 
disease (Tantawichien, 2012). DF/DHF/DSS 

have become a serious concern to the public 

health of Asian countries, which account for 
75% of the overall dengue disease burden 

(Gyawali et al., 2016a). Rapid population 

growth and urbanization in the tropics has 

created conditions very conducive to the spread 
of Aedes vector mosquitoes, especially Ae. 

aegypti that is suited to peridomestic 

environments. Currently, DF causes periodic 
epidemics and severe dengue is a major cause of 

childhood mortality in tropical zones (Brady et 

al., 2012).   

DISEASE EMERGENCE AND PREVALENCE IN 

SRI LANKA 

Sri Lanka is an island sovereign nation in the 

Indian Ocean to the southwest of the Bay of 

Bengal. It lies in a dengue-endemic region, the 

Indian subcontinent, with cases of DF and DHF 
reported since the 1960s. The first seropositive 

DF case was detected in 1962, while the first 

reported DHF/DSS epidemic occurred during 
1965-66 (26 cases and 6 deaths) (Sirisena and 

Noordeen, 2014). Between 1965 and 1989 only 

a few cases were recorded in the country, yet in 

this period all four DENV serotypes were 
identified and started to co-circulate. Since 

1989, excluding the major epidemic of 2016-17, 

DF/DHF incidence has averaged a sizeable 800 
confirmed reports per year (Sirisena and 

Noordeen, 2014). During this time the severe 

forms of DF, DHF and DSS have been on the 
rise. The reasons for this are most likely 

multifactorial and are not fully understood. A 

major indirect contributor may be urbanization 

causing an increase in transmission rates of 
DENV (Neiderud, 2015). Improved clinical 

diagnosis combined with better access to health 

care and enhanced epidemiological monitoring 
have also led to increased levels of detection 

and case confirmation (Senaratne and Noordeen, 

2014; Chew et al. 2019). 

The notable Sri Lankan dengue outbreak of 

2016-17 followed heavy rains and subsequent 

flooding and landslides; this affected 600,000 

people in 15 of the 25 districts in the country. In 
2016, 54,945 suspected dengue cases were 

reported nationally, followed by 184,442 cases 

in 2017 (Epidemiology Unit, Ministry of Health, 
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Sri Lanka, 2020). In Kandy District alone in 

2017, the dengue outbreak caused a reported 
6,745 clinical cases, of which 320 were fatal. 

These data highlight the significant threat to the 

people of Sri Lanka from severe DHF/DSS 
epidemics (Ministry of Health, Sri Lanka, 2017; 

Ali et al., 2018). 

FACTORS AFFECTING DENGUE PREVALENCE 

AND DISTRIBUTION 

There are both direct and indirect influences of 

climate on disease distribution and on vector 

breeding and establishment (Gubler et al., 

2001). Previous studies have shown that climate 

change due to global warming is a key contributor 

to the observed expansion of arboviral diseases 

worldwide over the last few decades 

(McMichael et al., 2006; Weaver and Reisen, 

2010; Tabachnick, 2016). Additionally, the 

diurnal temperature range (DTR), which 

indicates daily variation between high and low 

temperatures, also influences the biology and 

vectorial capacity of Ae. aegypti (Sharmin et al., 

2015). The well-established causal relationships 

between temperature, rainfall and dengue 

transmission are, however, non-linear as excessive 

rainfall and extreme heat adversely affect 

mosquito survival (Sharmin et al., 2018). 

DENV transmission from humans to mosquitoes 

is often ‘silent’ because it occurs either before 

the onset of symptoms or in the absence of 

apparent illness (Duong et al., 2015). A study by 

Nishiura and Halstead (2007) revealed that 

people without detectable viraemia are 

infectious to mosquitoes from 2 days before to 2 

days after symptoms start, and who are then able 

to transmit virus to another person after a 

minimum 11 days of extrinsic incubation. The 

only investigation performed to quantify viral 

RNA levels in asymptomatic DENV infections 

in humans did not detect a significantly lower 

viraemia than that measured in symptomatic 

patients (Duong et al., 2011).  

Subclinical infections in human carriers can 

serve as an effective means by which the virus is 

transmitted to a feeding Aedes mosquito (Grange 
et al., 2014). A Cambodian study showed that 

people with natural DENV infections and no 

clinical symptoms can contribute to virus 
transmission (Duong et al., 2015). Moreover, 

Lambrechts et al. (2012) suggested that 

individuals with lower than a 50% mosquito-

infectious virus dose during viraemia can build 
larger viral loads in infected mosquitoes, which 

may be interpreted as a capacity to increase 

transmission potential. 

MAJOR CHALLENGES FOR DISEASE 

CONTROL IN SRI LANKA 

From a clinical and public health perspective, it 

is important to determine accurately the 

incidence of dengue and to identify the factors 
that facilitate virus transmission. The greater 

susceptibility of Ae. albopictus to DENV 

infection is said to have led to enhanced DENV 
adaptation. Thus, due to the evolution of DENV 

strains Sri Lanka may be at serious risk of 

multiple DF/DHF outbreaks in future (Jayasooriya 

et al., 2010). The potential impact of vertical 
transmission (VT) (from one generation to the 

next) in sustaining DENV in the vector 

population remains unclear (Sánchez-Vargas et 
al., 2018). Several reports have provided 

consistent evidence of VT in field-collected Ae. 

aegypti (Angel and Jyoshi, 2008; Arunachalam 
et al., 2008; Bina et al., 2008), although there 

was significant variation in the frequency of VT 

among strains of Ae. aegypti infected with 

different DENV serotypes and genotypes 
(Kramer et al., 2003).  

Temperature and rainfall influence vector 

dynamics and, consequently, dengue incidence. 
In the study by Ehelepola and Ariyaratne (2016) 

in Colombo District, large DTRs were found to 

prolong Aedes larval and pupal duration, to 

lower larval survival rates and to reduce adult 
female reproductive output. All mosquito life 

cycle stages from egg to adult are influenced by 

temperature (Alto and Bettinardi, 2013). Ae. 
aegypti is thought to be the main vector 

responsible for virtually all DF/DHF epidemics 

in Sri Lanka, yet in a study performed in 2010 
covering the districts of Colombo, Gampaha and 

Kurunegala, evidence was presented that Ae. 

albopictus is a competent vector in the absence 

or low abundance of Ae. aegypti (Jayasooriya et 
al., 2010). Moreover, it was shown that Ae. 

albopictus is widely adapted to urban and 

suburban environments nationally. Ae. 
albopictus is under-rated in the transmission of 

DENV, especially during the peak transmission 

periods of DF/DHF in Sri Lanka (Ministry of 
Health, Sri Lanka, 2012). 

Effective dengue control requires reliable 

mapping of the spatial distribution of vector 

species, virus serotypes and disease incidence so 
that intervention strategies can be implemented 

cost-effectively (Singh and Taylor-Robinson, 

2017; Leta et al., 2018). This information will 
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help public health professionals to better 

understand disease dynamics and to design 
interventions in order to strengthen Sri Lanka’s 

capacity for prevention of severe dengue 

outbreaks. Gaining an accurate measure of 
incidence is vitally important as it will enable 

policy makers to assess the morbidity, mortality 

and economic costs of the disease and therefore 
to determine priorities for control and 

prevention. 

In Sri Lanka, the impact of climate, and indeed 

climate change, on dengue burden in relation to 
increased incidence and frequency of outbreaks 

has yet to be studied in detail. At present, DF 

and DHF are prevalent in many urban and semi-
urban areas of Sri Lanka, with seasonal and 

periodic epidemics occurring regularly 

(Kusumawathie et al., 2013). Identification and 
mapping of the risk areas and predicting future 

outbreaks are overdue measures to combat 

dengue on the island. 

There are significant spatial and temporal trends 
in the emergence of dengue outbreaks in Sri 

Lanka, which may be accounted for mainly by 

variations in environmental, meteorological and 
socioeconomic factors throughout the country 

(WHO, 2007). Factors such as exposure of 

people to newly circulating virus phenotypes, 

herd immunity of the population, effects of 
control and prevention measures, human 

population movements, poor housing conditions 

and inadequate household waste disposal, and 
knowledge and practices within communities 

also each affect local dengue incidence (Ali et 

al., 2018). 

ISSUES RELATING TO KANDY DISTRICT 

AND THE CENTRAL HIGHLANDS 

At 500 metres above sea level Kandy is the 

largest city in the Central Highlands of Sri 

Lanka. There has been a recent major increase 

of DF/DHF cases in the Kandy District, from 
4,063 in 2016 to 14,408 in 2017, such that the 

dengue incidence rate escalated from 2.95 to 

10.4 per 1,000 population over this 12-month 
period (Epidemiology Unit, Ministry of Health, 

Sri Lanka, 2020). For 2017 there were 

approximately 14,000 suspected dengue cases 
within Kandy District, of which 8,000 were 

confirmed by serological testing. The Ministry 

of Health (MOH) Division Gampola is situated 

in Kandy District 21 km away from Kandy City, 
with a population of 25,300 at the last census in 

2017. The area reported a remarkably high 

dengue incidence during the 2017 epidemic, 

while in 2018 the total number of confirmed 

cases was significantly lower (Ali et al., 2018). 
This is indicative of asymptomatic 

seroconversion, a possibility that merits further 

investigation. 

A recent study demonstrated that dengue 

outbreaks in Kandy City are correlated with 

DTR and diurnal humidity range (Ehelepola et 

al., 2015). Typically, dengue incidence in 

Kandy is high from late October to the 

following February. Case numbers also correlate 

positively with the associated factors of rainfall 

and the number of rainy days (Ehelepola et al., 

2015). According to Kularatne et al. (2005), 

uninterrupted viral transmission within the 

population and inadequate control of the 

mosquito vector are contributory factors for the 

high incidence of dengue during the rainy 

months. In a survey undertaken around Kandy 

by Kusumawathie et al. (2003), larvae of four 

species of Aedes were collected from water 

storage tanks, with the majority being the most 

common carriers of dengue, Ae. albopictus 

(41.05%) and Ae. aegypti (13.43%). 

A study undertaken by Siriwardane and 

Gunaratne (2007) in Kandy District found a lack 

of public cooperation as the main reason behind 

the failure of public health campaigns and 

community projects that aim to achieve 

sustainable prevention of dengue. Education, 

family income and lack of infrastructure and 

support from urban councils were identified as 

the dominant determinants of the varied 

responses of the study cohort. Socioeconomic 

and demographic indices, together with the 

knowledge, attitude and practices (KAP) of 

residents, are considered to be critical factors 

that influence the transmission of DENV and 

thus the incidence of dengue in a given 

population (Gyawali et al., 2016b). 

In Kandy District, the dengue-free status of 

some local communities is associated with good 

knowledge of how to prevent vector breeding 

and mosquito bites, awareness of disease 
symptoms and waste management, and a 

cooperative attitude (towards home gardening, 

composting, waste disposal and maintenance of 
a clean and dengue-free environment) (Udayanga 

et al., 2018a). Sociological and health promotion 

studies are essential to compare risk factors 
among high- and low-risk populations in order 

to adopt appropriate regulations or to inform 

approaches based on the social and 

microenvironment (Udayanga et al., 2018b). 



Determining Environmental and Socioeconomic Risk Factors for Dengue Infection among the Resident 

Population of Kandy District, Sri Lanka 

Annals of Microbiology and Infectious Diseases V3 ● I1 ● 2020                                                                     11 

IDENTIFICATION OF LOCAL KNOWLEDGE 

GAPS 

Within Kandy District, several distinct zones are 

identifiable on the basis of living conditions of 
the population, namely Kandy City limits, 

suburbs, villages and slums (Udayanga et al., 

2018b). Geographical data and dengue risk by 
virtue of living in each of these areas are 

available from the MOH but information on 

personal and sociodemographic characteristics 
and socioeconomic covariates is currently 

lacking.  

In order to gain a deeper understanding of the 

risk of dengue to the residents of Kandy District 
and the Central Highlands, spatial and temporal 

mapping should be applied to disease control 

and epidemiology. This involves determining 
the patterns of DENV transmission by the vector 

and by those members of the population with 

subclinical infections. In this way it is possible 
to map the geographical distribution of dengue 

incidence in relation to climatic and 

socioeconomic factors of the population. 

A number of hypotheses can be tested: 

 The virus is able to be dormant in the vector 

and to undergo vertical transmission; 

 There is a subset of carriers of asymptomatic 

infections during an epidemic who act as 

virus reservoir hosts, transmission from 
whom may be responsible for future 

outbreaks; 

 Rainfall, humidity and temperature were 

causal factors in the 2016-17 epidemic of 

dengue in the Central Highlands; 

 There is a correlation between socioeconomic 

factors and dengue risk. 

FUTURE RESEARCH OBJECTIVES 

In order to address these interrelated local issues 

relating to risk of contracting dengue in the 

defined setting of Kandy and the Central 

Highlands of Sri Lanka future research should 
aim: 

 To assess the serotypes of DENV within the 

vector during a period of significantly low 

incidence of dengue in a demarcated area and 
to check the vertical transmission capability 

of the virus; 

 To study the seroconversion of subclinical 

dengue cases within a geographical pocket 
which experienced a high dengue incidence 

during the 2016-17 epidemic yet appeared to 

show a significantly lower incidence during 
2018; 

 To establish a predictive model for Kandy 

District/Central Province of the epidemiology 

of dengue with respect to MOH division, 
population, gender and other demographic 

variables, and meteorological factors 

including rainfall, temperature and humidity, 
as a tool to forecast trends of dengue 

outbreaks; 

 To determine trends of total reported and 
clinically confirmed dengue cases with 

respect to socioeconomic factors. 

It is envisaged that by addressing these key 

questions the routes of transmission of DENV 

among the resident population of Kandy District 

may be identified and the environmental and 
socioeconomic risk factors for dengue infection 

may be determined. This information will 

facilitate the implementation of integrated 
management plans for control and prevention of 

dengue in this increasingly endemic region of 

Sri Lanka. 
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