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Abstract 

As a subproject under the collaboration between Ruhuna University in Sri Lanka and 

Duke University, this study focused on the identification of socioeconomic and ecological 

determinants of febrile illness in Galle district. We integrated socioeconomic data from local 

government, ecological data from national geographic information system (GIS) database, and 

febrile patients’ epidemiologic data from clinical investigation. The integrated database was 

prepared using GIS techniques and validated via field visits. Missing population data were 

simulated through Bayesian imputation. While the febrile disease risk is not measurable in the 

current study, social and ecological predictors of disease distribution (proportion of specific 

disease in all cases) were identified for the enrolled Teaching Hospital Karapitiya (THK) patients. 

These predictors are potentially the determinants of febrile disease in Galle. Due to the limitation 

of single-center clinical sampling, patient travel distance was highly associated with patient visits, 

thus, it became a strong confounder in analyses. After adjusted for the confounders, a set of 

patients’ social/ecological exposures were found to be associated with dengue, leptospirosis, 

URTI, LRTI, gastroenteric infection, and/or undifferentiated febrile illness.  
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Chapter 1:  Background and Objectives 

1.1 Background 

Habitat is among the main factors that affect the state of health.  From the perspective of 

Medical Ecology, human habitat usually follows certain patterns in spatial distribution. A 

geographic information system (GIS)-based, medical geospatial analysis approach has been 

shown as a powerful tool in revealing the correlation between communicable disease distribution 

and certain features of habitat, including both social and natural habitats. Tropical acute febrile 

illness due to scrub typhus, malaria (Plasmodium falciparum, vivax, or other), enteric fever, 

dengue, leptospirosis, and other infections, as well as undifferentiated acute febrile illness have a 

set of social or natural ecological determinants. Geospatial epidemiology, through the integration 

of multiple disparate (and often idiosyncratic) datasets linked through relational databases, 

dynamic maps, and spatially explicit modeling techniques and spatial statistics, is able to depict 

this relationship with visualization.   

This sub-study is conducted under the existing protocol for febrile illness in Sri Lanka by 

the Ruhuna:Duke research collaborative, to assess the association of the ecological and geospatial 

variables with frequency of febrile illness and its variable causes, including leptospirosis and 

arboviruses such as dengue. The analysis combines the existing febrile illness database with 

aggregated geospatial distribution of patients ascertained during active febrile illness surveillance 

in 2007. Our goal is to improve our understanding of the ecological and socioeconomic 

determinants of febrile illness which may strengthen the disease control system in Sri Lanka.  

1.2 Study setting, population, and disease burden  

Galle and Matara, with population of 1,084 and 839,000 people respectively in 2010, are 

two of three districts in the Southern Province of Sri Lanka. In this study, we conduct 
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epidemiologic analysis and create predictive models based on the data collected in Galle district, 

and then apply the models to predict the distribution of diseases in Matara district.  

1.2.1 Population and local setting  

Tourism, the tea industry, and other agriculture (coconut, cinnamon, rubber, etc.) are the 

major sources of revenue in southern Sri Lanka (Department of Census and Statistics 2010). The 

2004 Indian Ocean Tsunami and the past civil war have reduced the tourism and limited domestic 

development; however the island has experienced rapid economic growth recently: an average of 

20% annual GDP growth from 2006 to 2008 and 9.6% even in 2009 with global economic crisis 

(Department of Census and Statistics 2011). In Sri Lanka, the percentage of the population living 

below the national poverty line, which was Rs. 2,233 per capita expenditure per person per month 

in 2007, has decreased from 22.7% in 2002 to 15.2% in 2006/07 (Department of Census and 

Statistics 2007). The percentage was 13.7% and 14.7% respectively in Galle and Matara district 

in 2007, which was lower than the national average.  

As defined by the administrative division system in Sri Lanka, the districts are divided 

into administrative sub-units known as divisional secretariats or so-called “divisions” in this 

study.  A division can be further divided to “sub-divisions” (G.N. divisions), while a sub-division 

contains one or several villages or neighborhoods. For example, Galle district in the southern 

province has 18 divisions and 895 sub-divisions.  

The public health services are hierarchically organized in Sri Lanka on a tax-paid 

principle. There is a comprehensive network of public health centers, hospitals and other medical 

institutions located countrywide, with about 576 medical institutions with in-patient facilities and 

411 Central Dispensaries in 2002. Among them, 16 teaching hospitals and 6 provincial hospitals 

are considered tertiary hospitals, while 38 base hospitals, 155 district hospitals, 94 peripheral 

units, and 177 rural hospitals provide secondary or primary care. The national average of beds for 
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in-patient care was 3.1 per 1,000 persons (2002). There are 6 doctors and 14 nurses per 10,000 

people in 2006 (WHO Regional Office for South-East Asia 2011).  In addition, the private sector 

has been encouraged to develop high-quality health services, especially for those who can afford 

private care.  

Teaching Hospital Karapitiya (THK), three miles from Galle city, the capital of Galle 

district, is the only tertiary care hospital in the Southern Province.  800-1000 adult and pediatric 

patients are seen each day in the outpatient department, 50-100 of these present with fever.  

Undifferentiated fever and enteric febrile illnesses are common.  

1.2.2 Burdens of malaria, dengue, and leptospirosis 

Malaria transmission occurs throughout the year in Sri Lanka. Both P. falciparum and P. 

vivax are prevalent. However, during the period from 2000 to 2009, the malaria cases in Sri 

Lanka declined from an annual average of 55,640 to just 558 cases. Moreover, Galle and Matara 

districts in the Southern Province are considered to be malaria-free area according to the World 

Health Organization Country Health Profiles (World Health Organization 2011). Therefore, 

malaria is not a focus of our study on febrile illness in Galle.  

In contrast to malaria, dengue fever (DF) and dengue haemorrhagic fever (DHF) 

incidence is increasing exponentially in Sri Lanka since 1989.  In 2004, a major epidemic of 

dengue infection accounted for 15,457 cases and 88 deaths (Kularatne, et al. 2006). During 

another epidemic in 2010, the number increased to 34,105 cases (1.70 per 1,000 capita) and 246 

deaths (Ministry of Healthcare and Nutrition, Sri Lanka 2010).  Among the cases, 1,112 (1.03 per 

1,000 capita) and 614 (0.73 per 1,000 capita) were reported respectively in Galle and Matara, 

with 13 and 4 deaths respectively. The peak of the epidemic usually occurs in June and July. In 

the recent years without outbreak, the baseline incidence reached 6000 to 7000 cases. For 

example, in 2007 when our clinical data was collected in Galle, 7332 DF/DHF cases including 28 
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deaths were reported in Sri Lanka, with 100 cases in Galle and 236 cases in Matara (Figure 1). 

Note that almost all the reported cases are suspected cases without recorded laboratory 

examinations.  

 

Source: Ministry of Healthcare and Nutrition, Epidemiology Unit, Sri Lanka. 

Figure 1: Suspected dengue cases by week, Sri Lanka 2004-2010.  

The characteristics of dengue in Sri Lanka and other South Asian, South-East Asian, and 

South American countries appear to have changed. A decade ago, children were predominantly 

affected, but in recent years, increasing numbers of adult dengue patients have been seen in 

clinics, with significant morbidity and mortality (Malavige, et al. 2006; Kularatne, et al. 2006). 

This fact may have contributed to the increasing adverse effect of dengue on countries’ 

developing economy and also influenced their health planning. For example, in Thailand, the 

estimated financial loss due to dengue has reached US $61 per family, which exceeds the average 

monthly income (Clark, et al. 2005). For this reason, dengue is separately discussed in this study 

as one of the major febrile diseases in Sri Lanka.  
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Leptospirosis, another major cause of febrile illness in Sri Lanka, is also separately 

discussed in this study. Though the incidence of leptospirosis in 2007 was not reported, there 

were 7,423 cases (0.37 per 1,000 capita) in 2008 with 207 deaths. Specifically in Galle and 

Matara, there were respectively 447 (0.44 per 1,000 capita) and 501(0.60 per 1,000 capita) cases, 

including 16 and 12 deaths. The annual incidence decreased to 4,554 cases in 2010 (Figure 2). 

However, an outbreak after flooding in February 2011 led to over 2,000 cases and claimed 31 

lives, reminding us of the burden of leptospirosis in Sri Lanka (Ministry of Healthcare and 

Nutrition, Sri Lanka 2011). Similar to dengue, incidence rates of leptospirosis remain rough 

estimates because it is easily confused with other causes of undifferentiated fever (Levett 2001) 

and few cases are diagnosed in the laboratory.  

 

Figure 2: Distribution of suspected leptospirosis cases by week, Sri Lanka 2008-2011 

(up to 29/04/2011). Source: Ministry of Healthcare and Nutrition, Epidemiology Unit, Sri 

Lanka. 

In this study, we propose that potential ecological determinants may help us better 

understand the prevalence of leptospirosis in Sri Lanka. Since the tropical climate allows the 

pathogenic spirochete Leptospira interrogans to survive throughout the year, infection can be 
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found in all the seasons. In addition, roughly 28% of Sri Lanka’s workforce, employed in 

agricultural positions, has repeated direct and indirect exposure to infected animals that excrete 

leptospires in their urine (Sehgal 2006).  The information obtained in this study should provide a 

better understanding of the epidemiology of leptospirosis in Sri Lanka and may improve 

preventive measures.  

1.3 Research objectives and overview 

Aim 1. To assemble, prepare and integrate multi-source data for epidemiologic research on 

febrile illness in Sri Lanka: 

As a sub-project of Ruhuna:Duke collaborative for febrile illness research in Sri Lanka, 

this study collected ecological and socioeconomic data from various sources and linked them 

with the existing data from the clinical investigations. The multi-source data were validated 

through field visits and observations and associated with geospatial information in GIS systems. 

Finally, the data were prepared for further analyses within or outside the scope of the current 

research purpose. It is the first time that clinical data have been linked with ecological 

information using a GIS system for febrile illness research in Sri Lanka. The related methods and 

results are presented in Chapter 2.  

Aim 2. To estimate the association of travel distance to hospitals with the probability of visit 

to THK, patients’ days with fever pre- and post- visit, and the duration of hospital 

stay: 

With clinical data from only one hospital (THK), estimating the complete disease burden 

in Galle is not feasible. However, we simulated the cost-distance for patients traveling from their 

home to THK or to close hospitals and estimated the association of patient’ travel distance with 

their visit to THK. The associations are discussed for: the probability of visit, days with fever pre- 
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and post- visit of the visiting patients, and the duration of hospital stay. The components in 

Chapter 3 not only provide evidence to these interesting questions, but also offer assessment of 

the critical confounder “travel distance to hospitals” for the analyses in following chapters.  

Aim 3. To assess the epidemiological factors associated with the disease distribution among 

the enrolled acute febrile illness patients in THK, including dengue, leptospirosis, 

URTI, LRTI, gastroenteric infection, and undifferentiated febrile illness: 

Based on the characteristics of patients visiting THK, we assessed the association 

between potential socioeconomic and ecological predictors and the disease distribution among 

febrile illness patients enrolled in this study. Disease distribution is defined as the proportion of a 

specific disease type (dengue, leptospirosis, etc) to the number of overall febrile illness cases. We 

proposed that the predictors of disease distribution could reflect the determinants of febrile 

disease risk in Galle, though the direct assessment of the determinants of risk may not be feasible 

due to the lack of information the febrile patients absent from our clinical investigation. This 

hypothesis is discussed in Chapter 5.  

In Chapter 4, the associations between disease distribution in THK and the 

socioeconomic and ecological predictors are assessed via two methods. First, we study the 

correlation between disease distribution and the patients’ socioeconomic conditions via individual 

level logistic regression among patients; second, we assess the association between 

ecological/socioeconomic condition of patients’ residential areas (Group II units) and the disease 

distribution. Finally, the potential determinants of diseases found from their association with 

disease distribution were compared with the direct predictors of “observed disease rate at THK”
1
. 

  

                                                      

1 “observed disease rate in THK”, as defined in Section 6.1, is the number of patients with specific disease 

enrolled in our clinical investigation divided by the population at risk. 
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Chapter 2: Data Collection and Preparation (Aim 1) 

In order to assess the correlation between acute febrile illness and ecological and 

socioeconomic features and build the forecasting model for the spatial disease distribution, 

information from diverse sources was collected and integrated for analysis.  As a sub-project of 

the Duke:Ruhuna collaborative research program, the study was conducted based on a set of 

clinical investigation records collected and recorded in THK. Ecological data, as another major 

section supporting this study, were mainly derived from ArcGIS-editable digital maps using GIS 

methods. In addition, demographic and socioeconomic data used in the study were primarily 

extracted from the statistical records kept by the local government.  Due to the potential 

methodological limitation in building GIS digital maps, as well as other uncertainties involved in 

the existing datasets, a series of field visits were conducted in rural Galle district, which provided 

spatial-specific information and observations for data validation and update. Finally, there is a 

discussion regarding the selection of geospatial level to present the spatially grouped data.  

2.1 GIS-based spatial data  

 

Basic digital maps with GIS information were purchased from the Survey Department of 

Sri Lanka.  ESRI-ArcGIS
®
 9.3 and 10 were used throughout the spatial data preparation and 

analysis under the license granted to Duke University. The 1:50,000 maps are clipped 

respectively to Galle and Matara District and transformed from SL Datum 1999 (SLD99) to 

GCS_WGS_1984 coordinate system under the instruction by the Survey Department of Sri 

Lanka. As show in Table 1, the original maps comprise 9 informative layers, which contain the 

information of land cover, land use, terrain, residential location and scale, hydro system, and 

transportation system. Land cover and land use information are illustrated in Figure 3, in which 
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some land features are combined to reduce the complexity of map drawing. All the spatial vectors 

in the maps are identified and recorded during 1999 and 2001.  

Table 1: Informative layers involved in the digital maps of Galle and Matara 

Districts, with example categories of vector. 

Layer Geometry Example
1
 categories of vector ("code" description, separated by “|”) 

Town area point "JUNCP" Junction point
2
 | "TOWNP" Town point 

Point of 

interest 

point "ESTTP" Estate |  "JUNCP" Junction point |  "PLCEP" other places | 

"TOWNP" towns | "TRIGP" Trig points | "VILLP" Villages   

Functional 

construction 

(cluster
3
) 

point  "BLDGP" Building -Unspecified |  "DSPNP" Dispensary | "UHSPP" 

Hospitals - Unspecified  

Hydro system 

presented by 

arcs 

line "BUNDL" Bund lines | "LAKEL" Boundary of a Lake | "PONDL" Pond 

boundaries | "RSVRL" Boundary of a Reservoir | "STRML" Stream | 

"WTRHL" Water holes boundaries 

Hydro system 

presented by 

polygons 

polygon "LAKEA" Boundary of a Lake | "RSVRA" Boundary of a Reservoir |  

"STRMA" Stream | "WTRHA" Water holes boundaries 

Land use 

information 

polygon "BLTPA" built up area | "CCNTA" coconut plantation| "CHENA" Chena  

(tropical forest or woodland subject to shifting cultivation) | "CHNAA" 

abandoned water channel | "FRSUA" forest - unclassified | "GRSLA" 

grassland | "HOMSA" homesteads/Garden | "MRSHA" marsh | "OTHRA" 

other cultivation (Grapes, Mango, Banana, Orange) | "PDDYA" paddy field| 

"PONDA" Pond boundaries |"RBBRA" rubber plantation | "ROCKA" rock 

coverage |  "RSVRA" boundary of a Reservoir | "SANDA" sand coverage | 

"SCRBA" scrub land | "TEAA" tea plantation 

National 

reserved land 

polygon "FRRSA" forest reserve 

Transportation 

system 

line "FPBNL" Footpath on Bund
4
 | "FPBRL" Footpath on Bridge | "FTPHL" 

Footpath | "MNRDL" Main Roads | "MRBRL" Main road on Bridge | 

"MRTNL" Main road along Tunnel | "RAILL" Railway | "RLBRL" Railway 

line on Bridge | "SDRDL" Secondary/Minor Roads | "TRBNL" Track on 

Bund | "TRBRL" Track on Bridge | "TRCKL" Jeep/Cart Track |  

Topographic 

map (terrain) 

line -- 

 

                                                      

1 Here listed are not the complete categories of vector, but only the ones commonly used in this study. 
2 “Junction Points” here refers to the moderate or large villages usually with less population than towns. 
3 Due to the limitation of 1:50,000 maps, one point of function construction may represent more than one 

physical buildings, while in 1:10,000 maps provided by the Survey Dept., which are not used in this study, 

one functional construction polygon represent only one building.  
4 “Bund” or “bund line” here refers to the structure particularly around tanks, storage vessels and other 

plant that contain water for agricultural purposes. 
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Figure 3: Illustration of land cover and land use data. Map layers clipped to Galle District
5
. 

The above dataset not only covered most of ecological information used in the study, but 

also provided important socioeconomic evidence in a spatial dimension. The further mining with 

this dataset in the following chapters comprised the skeleton of this study. However, since all the 

vectors in maps are identified about 10 years prior, some information may be outdated and the 

reliability is unclear. A rough validation process will be introduced in Section 2.5 and discussed 

in Chapter 5.  

Additional spatial data were used in the study to provide the local climate information. 

The climatic data were derived from WorldClim Global Climate Datasets
6
. Among the 19 

variables offered in the WorldClim Bioclimatic dataset, 6 variables were kept in 6 layers and 

                                                      

5 “Clip to Galle District” means only the informative maps within the geographic boundary of Galle District 

are kept and presented.  
6 Visit: http://www.worldclim.org/ 
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clipped to Galle and Matara Districts. As shown in Figure 4, they were annual precipitation, 

precipitation of the wettest month, precipitation of the driest month, annual mean temperature, 

mean temperature of the warmest quarter, and mean temperature of the coldest quarter. These 

variables represent the average observations in the recent 10 to 50 years. To precisely review the 

weather condition in 2007, the year we conducted clinical surveillance, a set of non-spatial 

chronological data was introduced. That is the 2007 monthly precipitation and temperature 

records in Galle District obtained from the World Weather Information Service System
7
 by 

World Meteorological Organization (Figure 5). 

                                                      

7 Visit: http://worldweather.wmo.int 
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Six spatial climate variables: annual precipitation, precipitation of the wettest month, 

precipitation of the driest month, annual mean temperature, mean temperature of the warmest 

quarter, and mean temperature of the coldest quarter. Map layers clipped to Galle District. 

Figure 4: Demonstration of the 6 spatial climate variables. 
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Figure 5: Precipitation and temperature (high and low) record of Galle, 2007 

2.2 Demographic and socioeconomic data 

Detailed demographic and socioeconomic data of Galle district were provided by the 

Galle District Office of Department of Census and Statistics of Sri Lanka. This paper-based-only 

dataset contained 500-page of tables describing regional demographic and socioeconomic facts in 

sub-division level (895 sub-divisions). The dataset was entered into digital files and briefly 

validated according to the variables’ empirical meaning. Selected variables used in this study are 

summarized in GI-level (described in Section 2.4) in Table 2.  

The dataset was built based on the 2001 census of Sri Lanka and updated annually 

according to cross-sectional surveys and mathematical models, with the intention of facilitating 

political election planning. Our study did fortunately benefit from the latest version of this dataset 

(revised in 2010), which the Census Department does not often release to public. Although the 

details of data validation were not provided by the Census Department, this dataset was 
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considered as the most precise and accurate data available for our research purpose. 

Unfortunately, sub-division level demographic and socioeconomic data of Matara District were 

not accessible. 
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Table 2: Summary of selected demographic and social variables and number of febrile illness presentation in Group I level.  

Variable name Description Total in 

Galle 
1
 

GI level (743 units) 

Range Mean std. dev Media

n 

Miss 

build_fre building clusters 12,041 [0,124] 16.2 16.3 11 0 

population population 1,112,671 [275,14107]  1,543.2 1,097.2 1,262 21 

house_num household 253,556 [55,3008]  353.1 235.6 298 24 

race_singhala Singhalese residents 1,051,727 [80,14105] 1,464.8 1,030.3 1,231 24 

race_tamil Tamil residents 17,886 [0,1476]  24.9 118.2 0 24 

race_others residents with other races (including Arabian) 42,118 [0,4330] 58.7 350.1 0 24 

reli_buddhism Buddhist residents 1,044,248 [80,14046] 1,458.5 1,030.6 1,221 26 

reli_hindu  Hindu residents 15,215 [0,1335]  21.3 97.7 0 26 

reli_islam Muslim residents 39,905 [0,4330] 55.7 345.0 0 26 

reli_chris Christian residents 3,418 [0,482] 4.8 25.7 0 26 

reli_others residents declared other or no religious believes 1,900 [0,140] 2.7 10.8 0 26 

income_0_5k household with monthly income Rs.0 to 5000 50,395 [5,403] 69.7 71.6 45 19 

income_5k_10k household with monthly income Rs.5K to 10000 51,274 [4,448] 70.9 70.0 50 19 

income_10k_15k  household with monthly income Rs.10001 to 15000 48,061 [4,467] 66.5 64.5 47 19 

income_15k_20k household with monthly income Rs.15001 to 20000 42,430 [5,398] 58.7 60.4 43 19 

income_20kabove household with monthly income over Rs.20001 35,119 [3,380] 48.6 57.5 33 19 

pop_flood residents affected by floods in recent years 65,842 [0,1000] 90.9 142.9 0 18 

pop_slips residents affected by soil slips in recent years 30,502 [0,776] 42.1 82.6 0 18 

pop_tsnami residents affected by tsunami in recent years 101,800 [0,4017] 140.6 526.7 0 18 

shops grocery stores, cloths shops, and food shops 9,586 [3,68] 13.3 5.5 13 21 

dispensary dispensaries 261 [0,4] 0.4 0.6 0 21 

pharmacy pharmacies 217 [0,5] 0.3 0.6 0 21 

ayurvedic  Ayuvedic clinics 102 [0,3]  0.1 0.4 0 21 

jewellery_fac jewelry mines 24 [0,12] 0.0 0.6 0 21 

brick_fac brick factories 6 [0,3] 0.0 0.1 0 21 

                                                      

1 Treat missing value as zero. 
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dis_fre recorded febrile illness cases in THK during study 876 [0,24] 1.2 3.1 0 0 
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2.2.1 Addressing missing population data 

Population distribution and population density (persons per square kilometer) in Galle 

District are illustrated in Figure 6 and Figure 7 respectively. In these maps, GI units, comprising 

one or several sub-divisions, were used as the geospatial level to present data, instead of reporting 

data of each official sub-division. The definition of GI units and the rationale of geospatial 

aggregation are given in Section 2.4.  

As shown in Table 2, among the 743 GI units, population data were missing in 21 units. 

While 6 units with missing population data seemed randomly distributed, the other 15 units were 

adjacent to each other and comprised a large part of Ambalangoda Division according to the GIS 

dataset. The Galle office of the Census Department provided an explanation: though this area was 

under the administration of Ambalangoda Division when the GIS dataset and 

demographic/socioeconomic data book were originally built, the administrative division of this 

area had been transferred in the last decade. The area eliminated from Ambalangoda was not 

moved into a new category and was thus ignored in following data updating.  

Due to the particularly important role of population data in estimating the occurrence of 

diseases for the following analysis, missing population data were recovered with Bayesian 

imputation methods (Hoff, 2009). Through an exploratory data analysis in Figure 8 a & b, which 

cross-plotted 6 existing variables: population, number of construction clusters (build_fre), 

number of unspecific building points (BLDGP_fre), homesteads or build up area size 

(hombl_area), number of households (house_num), and number of local shops (shops), as well 

as their logarithmic transforms in GI-level, potential correlations were found among them. 

However, since the GI units with missing population data did present corresponding inadequate 

records of house_num and shops, these two variables would not provide us information on the 

missing value of population. In addition, the empirical explanation of BLDGP_fre excluded 
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some non-residential buildings from variable build_fre. Therefore, we concluded that 

BLDGP_fre and hombl_area might provide information for missing population imputation.  

Given that the logarithmic transformation of population density (pop_dens=population 

/G1_area) was normally distributed in GI-level (chi square test: p=0.915), a multivariate normal 

model was selected for missing data imputation. Two reference variables were created: number of 

unspecific building points per square kilometer (BLDGP_dens =BLDGP_fre /G1_area) and 

coverage rate of homesteads or build up area (hombl_area_rate= hombl_area /G1_area). 

Through the logarithmic transform of BLDGP_dens was not normally distributed (chi square 

test: p=0.000), one of its Boxcox transforms (BLDGP_trans) fitted the normal model well, as 

shown in Figure 8 c. However, hombl_area_rate was not able to be easily transformed to fit the 

multivariate normal model and was dropped from the model. In Figure 8 d, the transformed 

variables are illustrated by cross-plotting. 

We assumed that missing data were missing at random, meaning that the occurrence of 

missing and the value of population were statistically independent. This assumption was safely 

made because we received a clear explanation about the occurrence of missing data. Based on this 

key assumption, Markov chain Monte Carlo (MCMC) procedures were established using R 

software. Prior value for Gibbs sampling was set as the average observed population density in GI 

level. The results of missing recovery are shown in Figure 8 e by the blue density curve 

comparing to the histogram of the observed population data. Posterior correlation between 

logarithmic pop_sens and BLDGP_trans was 0.6101, which was not far from the prior 

correlation 0.5956. The 5%, 50%, 95% percentiles of recovered population in GI level were 

respectively 579, 1264, and 3716 persons. 

According to the results of missing data recovery, the total population in Galle in 2010 

was estimated to be 1,173,703. We assumed that the size of population in 2010 was close to that 
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in 2007, when the patients were enrolled in the study. Though the official reported estimate in 

2007 was 1,121,099 (Department of Census and Statistics, Sri Lanka 2008), this number might be 

too low due to the changes in administrative divisions mentioned above. Additionally, since only 

patients over 2 year of age were eligible for the clinical investigation (as described in Section 

2.3), population in each GI unit were adjusted by multiplying 96.3% (Department of Census and 

Statistics, Sri Lanka 2008). Unless special notices were made, this adjusted population estimate in 

2007 would be used in the following analysis wherever GI-level population data were required. 

 

Figure 6: Group I-level Galle population (unadjusted) distribution and residential location 

of patients presented to THK. 
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Figure 7: Group I-level Galle population (unadjusted) density and location of towns and 

junction points (considered as moderate or large villages). 

  

a. b. 

c. 

d. e. 
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Figure 8: Imputation of missing population data. 

2.2.2 Estimating regional average household income 

Number of households with monthly income between Rs.0 and 5000 

(household_income[1]), between Rs.5001 and 10000 (household_income[2]), between 

Rs.10001 and 15000 (household_income[3]), between Rs.15001 and 20000 

(household_income[4]), and above  Rs.20001 (household_income[5])  were provided by the 

Galle Census Department. Thus, an estimate of average household income is generated from the 

categorical variables for following analysis of the current study:  

Average income in kilo Rubees (Avg_income )= 

(household_income[1]*2.5+ household_income[2]*7.5+ 

0

.0
2

.0
4

.0
6

.0
8

D
e
n

s
it
y

0 20 40 60 80
BLDGP_fre_dens_nomissing

0
.1

.2
.3

D
e
n

s
it
y

-2 0 2 4 6 8
(BLDGP_dens^.2980688-1)/.2980688



 

23 

household_income[3]*12.5+ household_income[4]*17.5+ 

household_income[5]*22) / total number of responded households 

The average monthly household income in Galle district is estimated to be Rs.11,633, or 

106 U.S. dollars (using exchange rate of July,2011). As shown in Figure 9, the average monthly 

household income is normally distributed among Group II units (see Section 2.4 for definition of 

Group II units). The Department of Census & Statistics in Sri Lanka set a monthly household 

income of Rs.3341 as the official poverty line in Galle district in 2010, while the national line is 

Rs.3249. Thus, in the current study, we consider the number of households with monthly income 

less than Rs.5000 as the number of low income households in a certain region.  

 

Figure 9: Normal distribution of average monthly household income among Group II units. 

 

2.3 Data from clinical investigation 

Between April and October 2007, 1079 patients presenting to the outpatient department 

or emergency room of THK with acute febrile illness were prospectively consented and enrolled 

in a clinical study to obtain records of etiological diagnosis and information for basic 
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demographic factors (age, gender, education, occupation, urban vs. rural residence), clinical signs 

and symptoms, and epidemiological risk factors (exposure to domestic animals, farming, and 

source of drinking water). The questionnaires were printed in a combination of Sinhala for 

demographic questions and English for clinical observations. The answers were also presented in 

either Sinhala or English. Clinical diagnoses were supplemented by additional laboratory 

diagnoses (provided by reference laboratories for dengue, rickettsia, leptospirosis, and other 

potential etiologies). The clinical investigation and laboratory diagnoses were designed and 

conducted for a series of studies by Ruhuna:Duke collaborative, but not specially designed for the 

current sub-study. 

2.3.1 Patient inclusion criteria 

Patients > 2 years of age presenting to THK hospital (through outpatient clinic or 

emergency) had their temperature measured and were offered referral to study investigators 

following routine clinical evaluation if they were febrile (temperature > 38°C tympanic or 

axillary, or > 38.5 °C oral).  Patients admitted to the medical or the pediatric wards and found to 

have fever within 48 hours of admission were also eligible and offered the opportunity to learn 

more about the study from study investigators.  A history of febrile illness was not sufficient for 

inclusion.  Patients currently hospitalized for >48 hours, patients who had been hospitalized or 

who had had surgery in the previous 7 days, and patients who were unable or unwilling to give 

consent for participation in both initial and convalescent evaluation were excluded from the 

study.  Study participants were requested to come for clinical and serologic follow-up at 2 weeks; 

telephone and written reminders were used to assist in follow-up. 
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2.3.2 Locating patient’ residential address 

Patients enrolled in the study were asked to provide residential addresses for clinical 

follow-up and for spatial analysis of diseases. The addresses given by the questionnaires were 

expected to provide information in four geospatial levels: district, division, sub-division (village), 

and neighborhood or street address. However, due to the limitation of hand-written questionnaires 

and the nature of on-site clinical survey, three types of errors were widely found in the 1079 

investigation records: missing or partially missing information in one or more geospatial level, 

inconsistent combination of hierarchic information in different geospatial levels, and 

unidentifiable, unofficial, or misspellednames of places.  

With the support of the official geospatial division list derived from our GIS maps, three 

solutions were applied to reduce these errors: first, spelling mistakes and unofficial names were 

corrected based on the pronunciation rules of Sinhala and the common local usage; second, if the 

sub-division name was identifiable and the name was found to be unique among the divisions, the 

corresponding division and district information were recognized following the sub-division name; 

third, if both sub-divisional and divisional level information were missing but the corresponding 

neighborhood name was well-known  and unique, the location was recognized based on the given 

neighborhood name. After the manual screening, addresses in 920 records were identified and 

located. Since we only had socioeconomic data from Galle district, the response from only the 

Galle patients were referred in the following analyses, which comprised 876 records. The 876 

cases were linked with GIS maps in sub-divisional level using ArcGIS. In addition, among the 

1079 cases, 150 patients were found living outside of Galle district, though their precise addresses 

might not be precisely located. 120 among them were from Matara district. 

A summary of selected variables from clinical investigation is shown in Table 3. 

Generally, the 876 geospatially-located Galle patients present similar characteristics as the other 
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66 cases in Galle with unidentifiable addresses. Thus, removing the non-locatable subjects would 

not lead to bias. In addition, a comparison between located Galle patients and the patients living 

outside of Galle is presented in Table 3, which is discussed in Chapter 3.  

Table 3: Summary of selected variables from clinical investigation 

Variable & values Galle-only 

located 

patients 

Unlocatable 

Galle patients 

95% CI of 

prevalence 

ratio 

p-value significance
1
 

Number of cases 

n 876 66    

  (100.0%) (100.0%)    

Patient age in years 

<14 y.o. 155 12 (0.57,1.66) 0.9201  

  (17.7%) (18.2%)    

>=14 y.o. 720 54 (0.89,1.13) 0.9396  

  (82.2%) (81.8%)    

average 32.22 35.08 - 0.5094
2
  

missing 1 0 - -  

  (0.1%) (0.0%)    

Patient's gender  

female 349 33 (0.62,1.03) 0.0804  

  (39.8%) (50.0%)    

male 524 33 (0.93,1.53) 0.1553  

  (59.8%) (50.0%)    

missing 3 0 - -  

  (0.3%) (0.0%)    

Admitted  or outpatient  

outpatient 281 21 (0.7,1.45) 0.9653  

  (32.1%) (31.8%)    

inpatient 592 44 (0.85,1.21) 0.8800  

  (67.6%) (66.7%)    

missing 3 1 (0.02,2.14) 0.1950  

  (0.3%) (1.5%)    

Duration of hospital stay 

n 413 20    

mean of 

ln(inpatient days) 

1.33 1.59 - 0.2807
3
  

median 4 4    

                                                      

1 Significance level: * 0.05; ** 0.01; *** 0.001 
2 p-value of two-side t’-test 
3 p-value of two-side t’-test 
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Patient's residence area  

urban 84 11 (0.32,1.02) 0.0602  

  (9.6%) (16.7%)    

rural 783 54 (0.97,1.23) 0.1351  

  (89.4%) (81.8%)    

other 4 0 - -  

  (0.5%) (0.0%)    

missing 5 1 (0.04,3.18) 0.3695  

  (0.6%) (1.5%)    

Occupation of patient  

home 229 19 (0.61,1.35) 0.6327  

  (26.1%) (28.8%)    

laborer 200 13 (0.7,1.92) 0.5644  

  (22.8%) (19.7%)    

farming 20 4 (0.13,1.07) 0.0668  

  (2.3%) (6.1%)    

merchant 27 2 (0.25,4.18) 0.9812  

  (3.1%) (3.0%)    

student 195 13 (0.68,1.87) 0.6333  

  (22.3%) (19.7%)    

others 183 13 (0.64,1.76) 0.8190  

  (20.9%) (19.7%)    

missing 22 2 (0.2,3.45) 0.7963  

  (2.5%) (3.0%)    

Number of days with fever before visit/chills (0 if no fever or chills) 

n 875 66    

mean of 

ln(fever days) 

1.23 1.05 - 0.0676
4
  

median 3 3 - - 

Exposure to fresh water- swim/bathe/wade  

no exposure 660 47 (0.9,1.24) 0.4843  

  (75.3%) (71.2%)    

 river 112 10 (0.46,1.53) 0.5769  

  (12.8%) (15.2%)    

paddy field  79 4 (0.56,3.94) 0.4233  

  (9.0%) (6.1%)    

pond/lake 9 3 (0.06,0.81) 0.0230 * 

  (1.0%) (4.5%)    

others 15 1 (0.15,8.42) 0.9050  

  (1.7%) (1.5%)    

missing 1 0 - -  

  (0.1%) (0.0%)    

Main source of drinking water  

                                                      

4 p-value of two-side t’-test 
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tap 256 19 (0.69,1.5) 0.9403  

  (29.2%) (28.8%)    

bottled 0 0 - -  

  (0.0%) (0.0%)    

boiled  90 11 (0.35,1.09) 0.0985  

  (10.3%) (16.7%)    

well 522 35 (0.89,1.42) 0.3277  

  (59.6%) (53.0%)    

river  5 0 - -  

  (0.6%) (0.0%)    

missing 3 1 (0.02,2.14) 0.1950  

  (0.3%) (1.5%)    

Level of education       

below ordinary 

level  

545 42 (0.81,1.18) 0.8153  

(62.2%) (63.6%)    

 ordinary level 

(grade 11)  

158 12 (0.58,1.69) 0.9764  

(18.0%) (18.2%)    

 advanced level 

(grade 13)  

124 8 (0.6,2.28) 0.6499  

(14.2%) (12.1%)    

above advanced 

level  

43 2 (0.4,6.54) 0.4981  

(4.9%) (3.0%)    

missing 6 1 (0.06,3.7) 0.4592  

  (0.7%) (1.5%)    

Outcome of patient (as in final follow up)  

died 10 1 (0.1,5.8) 0.7856  

  (1.1%) (1.5%)    

well 618 43 (0.9,1.3) 0.3903  

  (70.5%) (65.2%)    

discharged 5 0 - -  

  (0.6%) (0.0%)    

inpatient 3 0 - -  

  (0.3%) (0.0%)    

absconded 81 4 (0.58,4.03) 0.3944  

  (9.2%) (6.1%)    

missing 159 4 (1.15,7.82) 0.0252 * 

  (18.2%) (6.1%)    

Number of lab diagnosed acute dengue  

n 45 3 (0.36,3.54) 0.8336  

  (5.1%) (4.5%)    

Number of lab diagnosed leptospirosis  

n 102 5 (0.65,3.64) 0.3285  

 (11.6%) (7.6%)    
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2.3.3 Data security and patient confidentiality 

Specific patient-identifying data are collected and stored on site in Galle, Sri Lanka 

consistent with the original, approved protocol.  In particular, these data facilitated the collection 

of convalescent sera and clinical follow up information.  Identifying data are separated from the 

analysis datasets and are maintained in secure, locked files, in a facility maintained on the 

Ruhuna Campus by the Ruhuna:Duke collaborative.   

This sub-study is approved by the Institutional Review Board (IRB) at Duke University 

School of Medicine under the protocol Pro00014461 “Rickettsiae among emerging causes of 

Acute Febrile Illness”, by the IRB at the Johns Hopkins University School of Medicine with an 

amendment to the existing protocol NA_00012415 “Optimal Detection of Rickettsiae among 

causes of acute febrile illness”, and by IRB at University of Ruhuna, Faculty of Medicine. This 

sub-study did not collect or use any data from patients, families, or local residents, except for 

these already collected by the Ruhuna:Duke collaborative. 

2.3.4 Consecutive feature of patient enrollment  

The recruitment of patients was consecutive through the period of study. The enrollment 

of patients, however, was not evenly distributed, as shown in Figure 10. The peak of patient 

enrollment appeared in the 19
th
 week of 2007 (the second week of May), while the low point 

happened in September.  From Figure 10, we can roughly conclude that the peak of patient 

enrollment is partially correlated with wet and hot weather. However, the climate factors are not 

sufficient to explain the gap of enrollment in September. The fluctuation of enrollment might also 

be an effect of the change of endeavor on recruiting more patients. Without a prospective 

assessment included in the original design of the clinical investigation, the number of enrolled 

patients cannot predict the number of presented patients in a constant manner over time, or in 
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other words, the rate between the number of enrolled patients and the number of presented 

patients tends to be inconsistent. Thus, the fluctuation of patient enrollment will not be discussed 

further in this study. 

 

 

Figure 10: First visit data of enrolled patients and local climate features. 

2.3.5 Clinical diagnosis, laboratory diagnosis, and diagnostic accuracy   

Table 4 presents the disease distribution among the locatable Galle febrile illness cases 

captured in this study. The understanding of disease distribution helps us group the patients by 

specific disease type in the following analyses. The number of patients with upper respiratory 

tract infection (URTI), lower respiratory tract infection (LRTI), and gastroenteric infection are 

reported based on clinical diagnostic records Because all enrolled patients were tested for dengue 

and leptospirosis pathogens via molecular diagnostic methods for the the study, we applied the 



 

31 

laboratory diagnosis for these two important disease types.The comparisons between clinical 

diagnosis and laboratory diagnosis for dengue and leptospirosis are presented in Table 5. 

If we consider the laboratory diagnosis as gold standard for dengue, the sensitivity of 

clinical diagnosis is 0.16; specificity is 0.98; for any particular febrile patient with positive 

clinical diagnosis, the probability of true positive is 0.29. As for leptospirosis, the sensitivity of 

clinical diagnosis is 0.25; specificity is 0.93; for any particular febrile patient with positive 

clinical diagnosis, the probability of true positive is 0.30. 

Table 4: Disease distribution among acute febrile illness cases 

Type of acute febrile diseases Number of cases % 

Laboratory diagnosis   

Dengue 45 5.1 

Leptospirosis 102 11.6 

Clinical diagnosis   

URTI 75 8.6 

LRTI (including TB) 88 10.0 

Gastroenteric infection (including typhoid) 38 4.3 

Others (including typhus, malaria, infective 

endocarditis, meningitis, etc) 

102 11.6 

Undifferentiated febrile illness 451 51.5 

Total cases
5
 876 100 

 

Table 5: Accuracy of clinical diagnosis for dengue and leptospirosis 

 Laboratory diagnosis 

Dengue Leptospirosis 

Clinical  Positive Negative Totals Positive Negative Totals 

                                                      

5 7 cases reported both dengue and leptospirosis; 5 cases reported both gastroenteric infection and 

leptospirosis; 5 cases reported both LRTI and leptospirosis; 4 cases reported both URTI and leptospirosis; 2 

cases reported both LRTI and dengue; 1 case reported both gastroenteric infection and dengue; 1 case 

reported both gastroenteric infection and URTI. 
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diagnosis Positive 7 17 24 25 57 82 

Negative 38 814 852 77 717 794 

Totals 45 831 876 102 774 876 

 

2.3.6 Dengue and leptospirosis data from national surveillance   

In addition to the data from our clinical investigation in THK, disease surveillance data 

derived from the reports by Sri Lanka Ministry of Healthcare and Nutrition provide an important 

understanding of the overall incidence of dengue (Ministry of Healthcare and Nutrition, Sri Lanka 

2010) and leptospirosis  (Ministry of Healthcare and Nutrition, Sri Lanka 2011) in Galle and 

Matara in divisional level. The data have been shown in Figure 1 and Figure 2 in Chapter 1.  

2.4 Geospatial level of data grouping and presentation 

As mentioned in Section 2.3.2, the patients’ residential addresses collected in the clinical 

investigation provide information in four geospatial levels: district, division, sub-division, and 

neighborhood or street address. However, patients’ street address and neighborhood are not 

complete, identifiable, or locatable for most of the subjects, due to the limitation of survey and 

also the lack of detailed official street maps in rural Sri Lanka. Thus, individual subjects cannot 

be located as points in GIS maps, but they are able to be aggregated and presented in higher 

geospatial levels in GIS maps.  

If the subjects have to be grouped, is geospatial aggregation the best method to reveal the 

correlation between disease cases and patients’ social or ecological exposure? If only the effect of 

single exposure being studied, a variety of grouping methods would be fine. For example, 

grouping the subjects according to the forest coverage where the patients live may reveal the 

effect of forest on health. However, multivariable analyses require minimum internal diversities 

within an individual group for all the exposures of interest, which are, for this study, 
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socioeconomic status, land use, distance to hospital, etc.. Assuming that people living in a certain 

area often share common social and ecological characteristics, geospatial aggregation is probably 

an effective method of minimizing internal diversity of grouping. In addition, since the 

demographic, social and ecological data in the study are provided in geospatial base, geospatial 

aggregation is also a practical grouping method.  

According to the official administrative division list, there are 895 sub-divisions (G.N. 

Divisions) in the 18 divisions (D.S. Divisions) of Galle District. However, not all the sub-division 

names are recognized by the patients. For example, “Deddugoda North” and “Deddugoda South” 

are not always distinguished in the responses of clinical questionnaires. Patients with address in 

“Deddugoda” may actually live in either “Deddugoda North” or “Deddugoda South.” Therefore, 

a modification of official sub-divisions is implemented for locating the patients. A few sub-

divisions and their corresponding patients are aggregated, based on the analysis of patients’ 

responds and the verbal similarity of sub-division names. The result is called Group I divisions or 

GI divisions. After applying this method, we obtain 742 GI level geospatial units from 895 

subdivisions. 

However, the GI division is still not an appropriate level to group patients for three 

reasons: first, people living in suburban areas are often found to report the names of the adjacent 

towns in their addresses, while their actual sub-division may be different from that of the town; 

second, the number of GI groups (742) is too large considering the number of subjects (876). As a 

result, disease cases are found only from over 200 GI units. The relatively large number of spatial 

groups, compared to the number of cases, may diminish the efficiency of regression analysis. 

Additionally, when only several patients are present in a relatively small area, the personal 

identity of these patients becomes easy to conjecture, which is not ethically appropriate; third, the 

diversity of dimensions among GI groups appears to be too large. The sizes of area of these GI 
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units vary from 0.08 to 31 square kilometers (mean: 2.2; medium: 1.25).  Population vary from 

275 to 14107 (mean: 1562; medium: 1278). Thus, further aggregation of GI units is required.  

The further aggregated geospatial units are called Group II units or GII units. This 

geospatial level is articulated by aggregating adjacent GI units with similar land use 

characteristics and population density. Particularly, GI units containing towns or junction points 

are combined with adjuvant units with significant high population density to form urban GII 

units, while the rural GI units are aggregated based on their land use characteristics, which largely 

represent the economic source of the population. A total of 50 GII units are illustrated in Figure 

11 with corresponding patient presentation. The population densities in Figure 11 are calculated 

using the simulated population data after missing data recovery.  

 

Figure 11: Group II-level geospatial aggregation. 

2.5 Validation of data via field visits 

In February 2011, 96 GI units in all the 18 divisions were randomly selected and 

physically visited. Observations were recorded in the Field Assessment Forms (Appendix 1). 
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According to the IRB requirement, local inhabitants or patients were not queried. The efforts 

were taken to attain the following goals:  

1. Validate that the GPS coordinates for towns, major hospitals, and other locations 

correlate to those available on existing GIS maps;  

2. Roughly observe the major local medical facilities, such as the secondary hospitals, 

and improve the prior understanding on the capacity of these providers in treating 

febrile illness (see Chapter 3);  

3. Observe the general condition of homes, buildings, and living surrounding to 

improve general understanding of the sub-population.  

4. Empirically identify the ecological features, such as swamp, forest, shrubs, etc. and 

provide empirical illustration in a photo gallery (Appendix 2); 

5. Validate GIS information on house density, land use, and land cover;  

6. Provide evidence for additional ecological assessments on local draining systems, 

standing water, domestic animal management, and other possible disease 

transmission determinants. 
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Chapter 3: Travel Distance to Hospitals and Disease Case 

Presentation in THK (Aim 2) 

As one of the major limitations of this study, our patient-specific data were collected in 

only one medical service provider, THK hospital. We were convinced by the experience of local 

physicians that most Galle patients with fever come to THK for treatment and almost all the 

patients with severe febrile illness come to or are referred to THK for treatment. However, febrile 

patients in THK may not be representative of all the febrile patients in Galle in terms of 

ecological and socioeconomic factors for two reasons: first, patients’ choices of health providers 

are probably affected by their ecological and socioeconomic characteristics. For example, richer 

patients in Sri Lanka are normally considered to be users of private health services; second, since 

our clinical data are collected in only one hospital, some confounding factors may lead to the bias 

when we assess the correlation between ecological and socioeconomic factors and patients’ visits 

in THK. The first concern is discussed in Chapter 5, while the single most important potential 

confounder-“patients’ travel distances to THK versus to the alternative providers” is discussed in 

this chapter.  

It is an intuitively acceptable concept that patients may be reluctant to visit a hospital if 

the travel to the hospital takes a long time and/or there are alternative medical providers available 

at a shorter distance, even when this hospital provides better services. This concept seems more 

acceptable for acute febrile patients, who usually have difficulty traveling for a long distance. 

However, other factors, such as quality and price of services, can also affect a febrile patient’s 

choice of hospitals. In this study, we identified 7 public hospitals or health centers in Galle, 

including THK, which are considered to treat acute febrile illness (Figure 12). The identification 

is conducted based on local physicians’ experiences and validated by brief on-site field visits to 

these providers. We assume that travel distance is a more important factor than quality and price 
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of services for patient’ choice of THK, since the infrastructure of these 6 alternative providers are 

not better than THK by observation and all the public health providers treat diseases without 

direct charge from patients. In the following analyses, we assume all the 6 alternative fever-

treatable hospitals are equivalents. 

In this chapter, we first provide evidence of the potential confounding effect of patient’ 

travel distance to hospitals by comparing the characteristics of the recorded patients living in 

Galle and from other districts. Then, we simulate the time cost (or cost-distance) for patients to 

travel from their residence areas to THK or the alternative health providers. Finally, the 

associations of patient’ travel distance with the length of hospital stay and days with fever pre- or 

post- visit are discussed. 
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Figure 12: Location of identified hospitals in Galle and illustration of Galle transportation 

infrastructure. 

3.1 Social and ecological conditions of located Galle patients and a 

comparison with patients from outside of Galle 

Due to the geospatial location of THK, patients living in districts other than Galle usually 

travel a further distance to visit the hospital than Galle residents, while the main road and railway 

system along the coast could significantly reduce the travel time from the coastal areas in the 

adjacent districts. The comparison between Galle patients and the patients who traveled to THK 

from other districts may provide some evidence on the association of travel distance with the 

presentation of the patients with febrile illness in THK.  

As shown in Table 6, the proportion of <14 year-old children among Galle patients was 

1.54 to 5.65 times as high as that among the patients travel from outside of Galle (traveling 
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patients). The average age of the Galle patients was significantly lower (p<0.0001) than that of 

the traveling patients. Similarly, the proportion of female patients was significantly higher among 

the recorded Galle patients than among the patients from other districts (p=0.0217). Probably 

associated with the age of patients, the recorded Galle patients were more likely to be students but 

less likely to be farmers. In addition, more Galle patients had only received or were receiving 

below ordinary level education (grade 11), while less had received above advanced level 

education (grade 13). According to the Demographic and Health Survey - 2006-2007 

(Department of Census and Statistics, Sri Lanka 2008), there is no significant demographic 

difference between Galle and adjacent districts. Therefore, the distinction in age and gender 

between Galle and traveling patients is interesting.  

In addition, it is observed that the patients who had traveled from districts other than 

Galle had a significantly higher possibility to be admitted as inpatient (p<0.0001). The traveling 

patients also had generally more days with fever recorded in clinical history (p=0.0001). 

Difference of febrile illness distribution was not observed between Galle and traveling patients.  

The comparison between Galle and traveling patients provided evidence that the distance 

to THK hospital and/or the availability of medical services close to their residence areas may be 

associated with the social and clinical characteristics of the recorded patients. For example, 

patients living outside of Galle may tend to visit THK, the only tertiary care hospital in the 

Southern Province, when they are experiencing high and/or persistent fever. This result suggested 

that distance to THK should be considered as a potential confounder when investigating the 

association between ecological or socioeconomic factors and disease presentation. In the 

following sections, effects of distance to THK and alternative hospitals are further discussed with 

the data from only the Galle patients.  
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Table 6: Comparison between located Galle patients and patients from outside of 

Galle 

Variable & values Galle-only 

located 

patients 

Outside of 

Galle patients 

95%) CI of 

prevalence 

ratio 

p-value significance
1
 

Number of cases 

n 876 150    

  (100.0%) (100.0%)    

Patient age in years 

<14 y.o. 155 9 (1.54,5.65) 0.0011 *** 

  (17.7%) (6.0%)    

>=14 y.o. 720 141 (0.83,0.92) <0.0001 *** 

  (82.2%) (94.0%)    

average 32.22 38.20 - 0.0003
2
 *** 

missing 1 0 - -  

  (0.1%) (0.0%)    

Patient's gender  

female 349 44 (1.05,1.76) 0.0217 * 

  (39.8%) (29.3%)    

male 524 106 (0.75,0.95) 0.0051 ** 

  (59.8%) (70.7%)    

missing 3 0 - -  

  (0.3%) (0.0%)    

Admitted  or outpatient  

outpatient 281 17 (1.79,4.47) <0.0001 *** 

  (32.1%) (11.3%)    

inpatient 592 133 (0.71,0.82) <0.0001 *** 

  (67.6%) (88.7%)    

missing 3 0 - -  

  (0.3%) (0.0%)    

Duration of hospital stay 

n 413 80    

mean of 

ln(inpatient days) 

1.33 1.41 - 0.3633
3
  

median 4 4    

Patient's residence area  

urban 84 15 (0.57,1.62) 0.8747  

  (9.6%) (10.0%)    

rural 783 134 (0.94,1.06) 0.9853  

  (89.4%) (89.3%)    

                                                      

1 Significance level: * 0.05; ** 0.01; *** 0.001 
2 p-value of two-side t’-test 
3 p-value of two-side t’-test 
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other 4 0 - -  

  (0.5%) (0.0%)    

missing 5 1 (0.1,7.28) 0.8869  

  (0.6%) (0.7%)    

Occupation of patient  

home 229 39 (0.75,1.35) 0.9709  

  (26.1%) (26.0%)    

laborer 200 32 (0.77,1.49) 0.6874  

  (22.8%) (21.3%)    

farming 20 9 (0.18,0.82) 0.0136 * 

  (2.3%) (6.0%)    

merchant 27 7 (0.29,1.49) 0.3173  

  (3.1%) (4.7%)    

student 195 16 (1.29,3.37) 0.0026 ** 

  (22.3%) (10.7%)    

others 183 41 (0.57,1.02) 0.0702  

  (20.9%) (27.3%)    

missing 22 6 (0.26,1.52) 0.3031  

  (2.5%) (4.0%)    

Number of days with fever before visit/chills (0 if no fever or chills) 

n 875 150    

mean of 

ln(fever days) 

1.23 1.54 - 0.0001
4
 *** 

median 3 4 - - 

Exposure to fresh water- swim/bathe/wade  

no exposure 660 107 (0.95,1.18) 0.3223  

  (75.3%) (71.3%)    

 river 112 20 (0.62,1.49) 0.8528  

  (12.8%) (13.3%)    

paddy field  79 18 (0.46,1.22) 0.2451  

  (9.0%) (12.0%)    

pond/lake 9 0 - -  

  (1.0%) (0.0%)    

others 15 3 (0.25,2.92) 0.8042  

  (1.7%) (2.0%)    

missing 1 2 (0.01,0.94) 0.0442 * 

  (0.1%) (1.3%)    

Main source of drinking water  

tap 256 60 (0.59,0.91) 0.0055  

  (29.2%) (40.0%)    

bottled 0 1 - -  

  (0.0%) (0.7%)    

boiled  90 11 (0.77,2.56) 0.2720  

                                                      

4 p-value of two-side t’-test 
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  (10.3%) (7.3%)    

well 522 73 (1.03,1.46) 0.0219 * 

  (59.6%) (48.7%)    

river  5 3 (0.07,1.18) 0.0837  

  (0.6%) (2.0%)    

missing 3 2 (0.04,1.52) 0.1346  

  (0.3%) (1.3%)    

Level of education       

below ordinary 

level  

545 77 (1.03,1.43) 0.0217 * 

(62.2%) (51.3%)    

 ordinary level 

(grade 11)  

158 31 (0.62,1.23) 0.4378  

(18.0%) (20.7%)    

 advanced level 

(grade 13)  

124 26 (0.56,1.2) 0.3033  

(14.2%) (17.3%)    

above advanced 

level  

43 15 (0.28,0.86) 0.0130 * 

(4.9%) (10.0%)    

missing 6 1 (0.12,8.47) 0.9800  

  (0.7%) (0.7%)    

Outcome of patient (as in final follow up)  

died 10 2 (0.19,3.87) 0.8401  

  (1.1%) (1.3%)    

well 618 95 (0.98,1.27) 0.1014  

  (70.5%) (63.3%)    

discharged 5 2 (0.08,2.19) 0.3078  

  (0.6%) (1.3%)    

inpatient 3 0 - -  

  (0.3%) (0.0%)    

absconded 81 12 (0.65,2.07) 0.6252  

  (9.2%) (8.0%)    

missing 159 39 (0.51,0.95) 0.0207 * 

  (18.2%) (26.0%)    

Number of lab diagnosed acute dengue  

n 45 9 (0.43,1.71) 0.6612  

  (5.1%) (6.0%)    

Number of lab diagnosed leptospirosis  

n 102 13 (0.77,2.33) 0.2932  

 (11.6%) (8.7%)    

 

3.2 Simulation of cost-distance to hospitals 

Measuring the burden of travel from patients’ residential areas to THK and the alternative 

medical centers is the cornerstone of involving travel distance in epidemiologic modeling either 

as a predictor or as a confounder. However, the spatial distance from patients’ residential areas to 
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hospitals does not linearly reflect the burden of patient’ travel. We propose that the time cost of 

travel may be a better estimate of the burden, while it is not directly measurable with the current 

study protocol. Therefore, an estimate, which is proportional to the time cost of travel, is 

established and named “cost-distance.” Cost-distance is designed to reflect two major adjustors of 

the travel burden: the quality of transportation infrastructure (Figure 12) and the terrain (Figure 

13). Briefly, cost-distance is established with the following steps: 

1. Time cost index is assigned to each item in the transportation infrastructure category of our 

GIS data. The time cost of travelling on different types of roads and adjusted by terrain is 

estimated based on our practical travel experience in field visits.  

Table 7: Cost-distance weight index 

Transportation 

infrastructure 

Estimated travel speed (km 

per hour) 

Cost-distance weight 

index 

Footpath 4.5 20 

Track (motorbike/cart) 10 9 

Second road 30 3 

Main road 45 2 

off-road 3 30 

off-road if slope >30 degree 1 90 

 

2. With ActGIS 9.3 Spatial Analyst tools, the area of Galle district is divided to many basic map 

units, which is 20m×20m each in size. Cost-distance weight is assigned to each of the map 

units based on the transportation infrastructure dominated in this map unit.  

3. The minimum accumulated cost-distance weight from a specific map unit to THK is 

calculated for each map unit, and assigned to be the cost-distance from the specific point to 

THK.  

4. Since the cost-distance is theoretically proportional to the actual travel time, we linearly 

adjust the cost-distance of each map unit (multiply by a single adjust factor) to make it close 
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to the actual travel hour.  In Figure 14, 1 unit cost-distance represents approximately 1 hour 

of travel. 

5. Cost-distance values of the map units are geometrically reclassified to 20 levels in order to 

facilitate following calculation. Then, in GI and GII level respectively, cost-distance between 

a GII unit and THK is the average of the cost-distance classes located within this GII 

weighted by the area size of this cost-distance class.  

6. The steps 3 to 5 are repeated for all the 7 fever-treatable hospitals in Galle, instead of only 

THK.  Then, the cost-distance of a single unit represents the travel time from this unit to the 

close-by fever-treating hospital.  

 

 

 

Figure 13: Terrain Illustration of Galle District. 
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Figure 14: Cost distance to THK (a) or close-by fever-treating hospitals (b). 

a. 

b. 
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3.3 Assessing the correlation between travel distance and patient visit 

Travel distance may be associated the patient’s visit in THK in three ways: first, the 

distance from patient’ home to THK is associated with patient’ social economic status, their 

ecological exposure, and other potential disease determinants, which are potential determinants of 

febrile diseases incidence. This fact becomes more important because THK is located in a coastal, 

urban area while the most rural estates, where low-income laborers live, are located far from 

THK. Second, patient’ preference of choosing THK, but not the other competitive health 

providers, is associated with the relative distance from patient’ home to THK and to the close-by 

alternatives. Third, patients are more reluctant to visit hospital when the time or financial costs of 

travel increase with the distance.  

As discussed at the beginning of this chapter, the three factors suggest that travel distance 

may be an important confounder when we assess the correlation between ecological and 

socioeconomic factors and patient’ visit in THK. In Table 8, a Poisson regression in Group II 

geospatial level (Homoskedasticity robust regression with Huber/White/sandwich estimator) 

shows the strong correlation of travel distance and patient’ visit in THK. We use the relative 

distance to THK comparing to close-by fever-treating hospitals (distance to THK divided by 

distance to close-by hospital) to represent the factor 2 and the average distance from patient’ 

residential area (GI units) to THK to represent the factor 3. In the 6
th
 model of Table 8, a 

combination of logarithmic distance to THK with logarithmic distance to alternative hospitals 

involves both the effect of factor 2 and 3 into the model.  

While the model 6 in Table 8 is hard to interpret, we can roughly assess the factor 2 from 

model 5, which suggests that if the relative travel distance to THK comparing to the nearest fever 

treating hospital is doubled, then the patients visit THK would decrease by 66%. However, this 

assessment does not consider factor 3. Similarly, if we only consider the effect of factor 3, model 
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4 suggests that if the travel distance to THK is doubled, the patients visit THK would decrease by 

45%. A significant (deviance) statistic (Hosmer-Lemeshow goodness-of-fit) shows that none of 

the model in Table 8 is appropriate for the data. It means the travel distance cannot fully explain 

the variance in patient’ visit from different area. We will discuss the association of patient’ visit 

and ecological and socioeconomic factors in the following chapters. 

Through the above empirical observation, the three factors convince us that travel 

distance could be a strong confounder when we assess the correlation between ecological and 

socioeconomic factors and patient’ visit in THK.  
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Table 8: Poisson regression of patient’ visit and travel distance 

Dependent variable: patients with fever enrolled in study ( in each Group II geospatial units) 

Exposure factor (denominator): population over 2 years old  

Regressor (1) (2) (3) (4) (5) (6) 

Distance to THK -

2.54** 

(0.47) 

 -1.59* 

(0.79) 

   

Relative distance to THK comparing to 

close-by alternative hospitals 

 -

0.89** 

(0.19) 

-0.38 

(0.31) 

   

Logarithm of distance to THK    -

0.86** 

(0.21) 

  

Logarithm of relative distance     -

1.55** 

(0.28) 

 

Logarithm of distance to THK      -

1.45** 

(0.30) 

Logarithm of distance to close-by fever 

treatable hospitals 

     1.25* 

(0.53) 

Summary Statistics       

Pseudo R
2
 0.44 0.41 0.47 0.37 0.43 0.44 

p value of goodness-of-fit test  0.00 0.00 0.00 0.00 0.00 0.00 

N (Group II geospatial units) 50 50 50 50 50 50 

Standard error is given in parentheses under coefficients; the individual coefficient is statistically 

significant at the *5% level or **1% significance level using two-sided test. 

 

3.4 Patient’ travel distance, length of hospital stay, and days with fever 

pre- or post- visit 

In this section, we will discuss the association of travel distance with length of hospital 

stay and patient’ fever history. These analyses will help us understand the reason behind the 

negative association between travel distance and visit in THK and discuss what type of patients 

are more likely to be absent from our single-center clinical investigation. 

3.4.1 Length of hospital stay increase with patient’ travel distance 

Febrile patients living far from THK are more likely to be admitted in wards at their first 

visit and stay longer inpatient than the patients living close to THK. As shown in Table 9, if 
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Patient A lives 1 hour further to THK than Patient B, the odds of being admitted as an in-patient 

for A is 3.55 to 19.74 times as high as the odds for B. If adjusted for patient’ gender, the odds 

ratio become 3.69 to 20.25. For female patients, odds of being admitted inpatient are 0.46 to 0.83 

times as high as male patients, adjusted for travel distance. And if A and B are admitted, A’s days 

of stay would be 1.26 to 2.25 times as long as the days for B. The length of stay is also associated 

with the relative distance to THK comparing to nearest alternative hospital. If the relative 

distance increases by 50%, the odds of being admitted would increase by 6% to 31% and the days 

of stay would increase by 2% to 8%.  

Three reasons may have contributed to these associations: first, people living far from 

THK or relatively far from THK have a higher risk of severe febrile diseases comparing to mild 

febrile diseases; second, people living far from THK or relatively far from THK only come to 

THK with several febrile diseases and less likely to visit THK for treating mild febrile disease, 

comparing to people near THK; third, patients in THK from remote regions are more likely to be 

admitted inpatient than the equivalent patients living close, because of their willingness or a 

physician’s decision. Without further evidence, it is hard to identify the dominant factor(s) from 

the above three.  

Table 9: Single variable regression analyses of patient’ travel distance, length of hospital 

stay, and fever history 

Independent variable:  Type Regressor Exp(Coef.) 95% CI n 

Length of hospital stay 

Outpatient or Inpatient logistic distance to THK 8.37** [3.55, 19.74] 873 

Outpatient or Inpatient logistic relative distance 

(×2) 

1.18** [1.06,1.31] 873 

Days of stay if admitted 

inpatient 

log distance to THK 1.68** [1.26,2.25] 413 

Days of stay if admitted 

inpatient 

log relative distance 

(×2) 

1.05** [1.02,1.08] 413 
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Fever history 

Days with fever before visit log distance to THK 1.80** [1.44,2.26] 875 

Days with fever before visit log relative distance 

(×2) 

1.06** [1.04,1.08] 875 

Days with fever after visit log distance to THK 1.84** [1.43,2.37] 526 

Days with fever after visit log relative distance 

(×2) 

1.06** [1.03,1.08] 526 

The individual coefficient is statistically significant at the *5% level or **1% significance level using two-

sided test. 
 

3.4.2 Pre- and post- visit days with fever increase with patient’ travel distance 

Febrile patients living far from THK are more likely to have a more days with fever 

before visit and stay more days with fever than the patients living close to THK. As shown in 

Table 9, if Patient A lives 1 hour further from THK than Patient B, the pre-visit days with fever 

for A is 1.44 to 2.26 times as long as days for B, and the post-visit days with fever is 1.43 to 2.37 

times as long as the days for Patient B. The number of days with fever is also associated with the 

relative distance to THK comparing to nearest alternative hospital. If the relative distance 

increases by 50%, the pre-visit days with fever would increase by 4% to 8% and post-visit days 

with fever would increase by 3% to 8%. Further analyses have shown that patient’ gender is 

associated with pre-visit days with fever. The pre-visit days with fever of female patients are 0.81 

to 0.99 times as long as male patients adjusted for travel distance.  

The increase of pre-visit fever days with the travel distance suggests that patient’ 

reluctance of visit hospital increases with their travel cost (financial and time). This result 

confirms our hypothesis of factor 3 at the beginning of Section 3.3. In addition, the increase of 

post-visit fever days with the travel distance suggests that the patients from remote areas may 

have more severe conditions at visit than patients living close.  
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Chapter 4: Predictors of Febrile Diseases among the enrolled 

patients (Aim 3) 

Disease distribution among the febrile illness patients enrolled in this study can, to some 

extent, reflect the characteristics of overall febrile diseases risk in Galle district. Since febrile 

disease surveillance was not available in Galle, we collected a set of febrile illness samples in 

THK, the only third-tier hospital in Galle district; however, without collecting clinical 

information from the other hospitals treating fever diseases, we still found it is not feasible to 

study the direct association between disease risk and ecological/socioeconomic factors. The 

disease risk cannot be well estimated with only the patents’ data from THK, mainly because a 

significant proportion of patients went to the other hospitals for treatment (as discussed in 

Chapter 3). Therefore, disease distribution, which is defined as the proportion of specific 

diseases among the enrolled febrile illness cases, is expected to show the characteristics of 

disease occurrence. A discussion of this assumption can be found in Chapter 5. 

In Section 3.3, we have assessed the correlation between febrile patient’ travel distance 

and their visits in THK. We claimed that travel distance could be a strong confounder when we 

assess the correlation between ecological and socioeconomic factors and patient’ visit in THK. 

However, the autocorrelation between patient’ travel distance and ecological and socioeconomic 

conditions (factor 1, as mentioned in the first paragraph of Section 3.3) implies the existence of 

imperfect multicollinearity problem, given the adjustment for travel distance. Treatment of 

perfect and imperfect multicollinearity is discussed in Chapter 5. 

In this Chapter, we first assess the association between several socioeconomic conditions 

and febrile disease distribution in individual-patient’ level, followed by the assessment of more 

socioeconomic and ecological variables in Group II geospatial level. Finally, the potential 

determinants of diseases found from their association with disease distribution are compared with 
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the direct predictors of the “observed disease rate in THK.” “Observed disease rate in THK”, as 

defined in Section 6.1, is the number of patients with specific disease enrolled in our clinical 

investigation, divided by the population at risk. 

4.1 Association between patients’ diagnostics and their socioeconomic 

conditions 

A series of logistic regression analyses have been conducted and presented in Table 10. 

The individual-level socioeconomic variables are derived from the clinical investigation data, 

except for the travel distance variables. The set of regressors for each disease are selected based 

on their potential association with disease risk. Variables with outstanding autocorrelation with 

other independent variables and potentially cause perfect multicollinearity are thrown out during 

analysis. For example, patient’ occupation, which is highly correlated with gender, age, and 

education, is avoided in the regression for LRTI (Lower Respiratory Tract Infection). Treatment 

of perfect and imperfect multicollinearity is discussed in Chapter 5. 

As shown in Table 10, among the enrolled patients in this study, adult patients from 26 to 

55 years old are most likely to be diagnosed with leptospirosis. The proportion of leptospirosis 

cases in this subgroup is 3.63 times as high as the proportion for patients between 2 and 14 years 

old. Moreover, patients having exposure to paddy fields are 2.99 times likely to have leptospirosis 

than patients having no exposure. Patients working as farmers are 3.33 times likely to have 

leptospirosis than patients who work at home. Therefore, we conclude that farming in paddy 

fields is an important risk factor of leptospirosis in Galle district. It is also found that patients 

studying at school are significantly more likely to have leptospirosis (risk ratio=3.69).  

As for dengue fever, the proportion of dengue patients in 15 to 25 years old subgroup is 

respectively 3.17 and 2.22 times as high as the proportion in younger and elder subgroup. It 

suggests that people from 15 to 25 years old have the highest risk of dengue fever. Furthermore, 
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patients claiming occupations other than laborer, farmer, merchant, and student had a 

significantly higher proportion of dengue fever. The jobs of these patients vary from government 

officer to driver. Without further empirical information, this result makes it hard to interpret the 

association between dengue and patient’ occupation. Table 10 also shows that, if enrolled Patient 

A’s relative distance to THK comparedto the nearest fever treating hospital is 0.5 higher than the 

relative distance of Patient B, than Patient A’s probability of diagnosed as dengue is 1.11 times as 

high as Patient B. This result suggested that patients with dengue, compared to other patients, 

would be more willing to receive treatment in more established hospitals, such as THK.   

By studying the characteristics of patients with URTI and LRTI, we found that 

education is a significant protective factor. Patients who finished average level study, but not the 

advanced level study, have proportions of URTI and LRTI respectively 0.42 times and 0.45 times 

as high as the proportion for patients without average level education. In addition, it is interesting 

to find that exposure to river/lake water and paddy fields also presented protection of LRTI.  

451 cases of the 876 total locatable Galle febrile illness patients enrolled in this study are 

not differentiatable in either clinical diagnosis or molecular laboratory diagnosis for dengue and 

leptospirosis. The fever of these patients may due to Thypus Fever, Chikungunya, and a variety of 

infective or non-infective diseases. An understanding of the characteristics of these cases would 

help the local providers improve diagnostic methods and customize diagnostic strategies for 

targeting patients with specific exposure.  

Table 10 suggests that female patients are 1.48 times as likely as the male patients to 

have undifferentiated fever. It is also interesting that children are more likely to have 

undifferentiated fever. The proportion of undifferentiated fever for children from 2 to 14 years 

old is respectively 2.44 times and 2.13 times as high as the proportion for patients in 15 to 25 and 

16 to 55 years old groups. In addition, exposure to paddy fields is negatively associated with 
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undifferentiated fever, while this negative association is probably due to the autocorrelation 

between patient’ age and exposure to paddy fields. 

People who accomplished average level education (grade 11) but who did not pursue a higher 

level of education are most likely to capture undifferentiated fever than the other educational 

groups. Considering the people below the average level as mostly students, we can conclude that 

low educational accomplishment is associated with a higher proportion of undifferentiated fever 

among enrolled patients. 
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Table 10: Individual-level logistic regression analysis of odds of febrile diseases distribution and ecological and socioeconomic exposures.  

Disease category:
1
 Leptospirosis Dengue URTI LRTI Gastroenteric 

infection 

Undifferentiate

d fever 

Regressor (1)2 (2) (3) (4) (5) (6) 

Gender (no exposure= male)       

Female 0.79 

(0.29) 

1.05 

(0.39) 

1.09 

(0.31) 

0.99 

(0.24) 

1.35 

(0.42) 

1.48** 

(0.15) 

Age (no exposure= 2-14 y.o.)       

15-25 y.o. 2.45 

(0.46) 

3.63* 

(0.52) 

2.16 

(0.60) 

3.17* 

(0.58) 

1.38 

(0.56) 

2.01 

(0.40) 

0.70 

(0.57) 

0.41** 

(0.25) 

26-55 y.o. 1.43 

(0.65) 

2.14 

(0.61) 

1.00 

(0.38) 

0.69 

(0.63) 

0.47** 

(0.23) 

>55 y.o. 0.88 

(0.85) 

2.08 

(0.67) 

1.99 

(0.38) 

0.86 

(0.72) 

0.40** 

(0.27) 

Residence area (no exposure= rural)       

Urban 1.52 

(0.45) 

--- 2.65 

(0.61) 

1.11 

(0.41) 

0.83 

(0.55) 

0.67 

(0.25) 

Occupation (no exposure= home stay)      

Laborer 1.65 

(0.42) 

1.77 

(0.61) 

1.11 

(0.38) 

--- 1.24 

(0.51) 

--- 

Farming 3.33* 

(0.64) 

2.50 

(1.19) 

0.73 

(1.11) 

--- --- --- 

Merchant 1.61 

(0.73) 

1.33 

(1.24) 

0.77 

(0.82) 

--- 0.86 

(1.21) 

--- 

Student 3.69** 

(0.48) 

1.56 

(0.61) 

1.16 

(0.55) 

--- 1.13 

(0.61) 

--- 

                                                      

1 As described in Chapter 2, individual-level diagnostics comprise the clinical diagnostics and retrospective molecular laboratory diagnostics. Dengue and 

leptospirosis are determined by the latter, while URTI, LRTI, and gastroenteric infections are determined by the former. Undifferentiated fever is defined as the 

cases received no diagnostic results from either of the two stages. 
2 Standard error is given in parentheses under exponential coefficients; the individual coefficient is statistically significant at the *5% level or **1% 

significance level using two-sided test. 
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Others 2.10 

(0.44) 

4.37** 

(0.51) 

0.42 

(0.51) 

--- 0.97 

(0.54) 

--- 

Level of education (no exposure= below ordinary level )     

Ordinary level 

(grade 11)  

0.74 

(0.36) 

--- 0.42* 

(0.44) 

0.45* 

(0.38) 

1.36 

(0.44) 

1.78** 

(0.20) 

Advanced level 

(grade 13) 

1.07 

(0.36) 

--- 1.22 

(0.42) 

0.45* 

(0.42) 

0.90 

(0.58) 

1.10 

(0.22) 

Above advanced 

level 

0.27 

(0.76) 

--- 0.71 

(0.85) 

0.66 

(0.58) 

1.39 

(0.76) 

1.18 

(0.35) 

Exposure to fresh water- swim/bathe/wade  

River/pond/lake 1.12 

(0.30) 

--- 1.50 

(0.34) 

0.20* 

(0.62) 

1.96 

(0.43) 

0.74 

(0.21) 

Paddy field 2.99** 

(0.33) 

--- 0.45 

(0.54) 

0.33* 

(0.55) 

1.04 

(0.65) 

0.44** 

(0.26) 

Others --- --- 2.07 

(0.83) 

0.58 

(1.00) 

2.05 

(1.03) 

1.49 

(0.58) 

Exposure to domestic animals  

Pig/goat/cow 0.93 

(0.41) 

--- 1.52 

(0.46) 

--- 0.65 

(0.78) 

0.69 

(0.27) 

Main source of drinking water (no exposure= only drink tap water)  

Well/River 0.84 

(0.28) 

--- 0.96 

(0.31) 

1.21 

(0.28) 

1.01 

(0.33) 

1.18 

(0.17) 

Boiled 0.49 

(0.50) 

--- 0.64 

(0.49) 

1.24 

(0.39) 

0.75 

(0.53) 

1.58 

(0.25) 

Travel distance         

Cost-distance to 

THK (hours) 

1.28 

(0.58) 

0.51 

(0.78) 

0.82 

(0.61) 

0.97 

(0.63) 

0.99 

(0.63) 

1.31 

(0.33) 

Relative 

distance(×2) 

0.84 

(0.10) 

1.11** 

(0.04) 

0.89 

(0.13) 

1.01 

(0.04) 

0.98 

(0.08) 

0.95 

(0.03) 

Summary Statistics         

Pseudo R
2
 0.08 0.11 0.06 0.06 0.02 0.05 

goodness-of-fit p value  0.42 0.02 0.11 0.18 0.58 0.24 

N (patients) 822 836 836 856 816 856 

Positive cases  102 45 75 88 38 451 
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4.2 Ecological and socioeconomic conditions of patients’ residential areas 

(Group II units) and the disease distribution or “observed disease rate in 

THK” 

Due to the variance of ecological and socioeconomic conditions across the Galle district, 

the febrile disease distributions in GII geospatial units are not consistent, as shown in Figure 15. 

Since most of our ecological observations and part of the socioeconomic variables are only 

available for geospatial units but not for individual patients, in this section, we conduct analyses 

in Group II geospatial level to study the association between these variables and disease 

distribution.  

 

Figure 15: Geospatial variance (Group II level) of disease distribution among febrile 

patients in THK. 

The relationship between ecological and socioeconomic conditions is similar to the “egg 

and chicken” argument: people from poor families who leave school atan early age may only be 
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able to find jobs in tea or rubber estates, while the work in these ecological surroundings 

adversely contributes to their poverty. Therefore, it is difficult to assess independent effects of a 

single determinant within this complicated causal network. In order to simplify the regression 

analysis and avoid potential perfect multicollinearity (autocorrelation among independent 

variables), we assume socioeconomic conditions are more intrinsic than ecological conditions and 

stay at the upstream of causal relationship. Thus, we first assess the association between 

socioeconomic variables and disease distribution without consideration of ecological effects with 

multivariable Poisson regressions; then, second, assess the association of each ecological 

condition respectively with the disease distribution through single-variable Poisson regressions 

adjusting to major potential socioeconomic confounders.  

As mentioned at the beginning of this chapter and discussed in Chapter 5, characteristics 

of disease distribution could reflect the determinants of disease risk in this study, though direct 

assessment of determinants of disease risk is not feasible due to the lack of information regarding 

the Galle febrile patients absent from our clinical investigation. To verify this assumption, we 

also studied the predictor of the “observed disease rate in THK”, which is the number of patients 

with specific disease enrolled in our clinical investigation divided by the population at risk. We 

then compared these predictors with the potential determinants of diseases found from their 

association with disease distribution. 

4.2.1 Socioeconomic conditions of patients’ residential areas and the disease 

distribution 

As shown in Table 11 and Table 12, the following socioeconomic variables are found to 

have correlation with disease distribution or risk, adjusting to potential confounders, such as 

average household income, proportion of households below poverty line (reflect social equity 

together with average income variable), and patient’ average travel distance: 
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1. Population density is associated with the proportion of dengue fever among all febrile 

illness and “observed disease rate in THK”. According to Table 11, among the enrolled 

patients, if Patient A is from an area with 100 more residents per km
2
 than the area where 

Patient B comes from, then, the probability of being diagnosed as dengue (molecular 

diagnosis) for A is 0.98 times as high as the probability for B. However, it is not 

appropriate to conclude from Table 12 that the dengue risk for A is 0.97 times as high as 

B, since it is possible that the people living in remote areas, where population density is 

lower, tend to avoid visiting THK for febrile diseases other than dengue, but visit THK 

when they suffer from the several pain caused by dengue.  

2. Proportion of Tamil residents in total population is associated with the proportion of 

gastroenteric infections among the enrolled patients. According to Table 11, among the 

enrolled patients, if Patient A is from an area where proportion of Tamil residents is 0.1 

higher than the area where Patient B comes from, then the probability of being diagnosed 

as gastroenteric infections for A is 2.40 times as high as the probability for B. In Table 

12, the results suggest that Proportion of Tamil residents is probably also associated with 

the occurrence of Leptospirosis and undifferentiated fever, and its association with 

gastroenteric infections may be underestimated in Table 11, due to the mutual constraint 

effect on the variance of disease distribution (discussed in Chapter 5).  

3. Since the two primary ethnic groups in Sri Lanka: Sinhalese and Tamil respectively have 

their dominant religious believes in Buddhism and Hinduism, it is interesting to substitute 

“proportion of Tamil residents” by “proportion of Hindu residents” in the analysis. Thus, 

we found that proportion of Hindu residents in total population is associated with the 

proportion of gastroenteric infections and Leptospirosis among the enrolled patients. 

According to Table 11, among the enrolled patients, if Patient A is from an area where 
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proportion of Hindu residents is 0.1 higher than the area where Patient B comes from, 

then the probability of being diagnosed as gastroenteric infections and Leptospirosis for 

A is respectively 2.70 and 1.29 times as high as the probability for B. 

4. Number of general grocery shops is an indicator of local business development, which is 

found to be associated with the proportion of dengue and gastroenteric infections. 

According to Table 11, among the enrolled patients, if Patient A is from an area where 

there is average one more grocery shop per 1000 residents than the area where Patient B 

comes from, then the probability of being diagnosed as gastroenteric infections and 

dengue fever for A is respectively 1.18 and 0.89 times as high as the probability for B. It 

suggests that the local business development is a protective factor of dengue fever while 

it increases the risk of gastroenteric infections. One hypothetical reason for the increase 

of gastroenteritis risk is that the people living in developed areas may tend to have 

dinners in restaurants, where food may not beclean enough. However, the results are 

questionable. Due to the mutual constrain of disease distribution among the six disease 

categories (five in Table 11/12 and one category of “other differentiated diseases”), the 

decrease of risk for one disease could be result of the increase of risk for another disease 

(as discussed in Chapter 5).  

5. The average monthly household income range from Rs. 9,883 to Rs. 13,308 among these 

50 Group II units. The probability of diagnosed as URTI for patients from a high-income 

region (Rs. 13,000) is 0.31 times as high as patients from a low-income region (Rs. 

10,000). The probability of diagnosed as gastroenteric infections for patients from a high-

income region (Rs. 13,000) is 1.02 times as high as patients from a low-income region 

(Rs. 10,000). It suggests that high household income is a protective factor of URTI while 
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it increases the risk of gastroenteric infections. However, the results are questionable for 

the reason mentioned in item 4 above. 

 

 



 

 

62 

Table 11: Group-II geospatial level Poisson regression of febrile diseases distribution and socioeconomic conditions. 

Disease category:
1
 Leptospirosis Dengue URTI LRTI Gastroenteric 

infection 

Undifferentiated 

fever 

Regressor
2
 (1)3 (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

Population density 

(average number of 

residents per 1/100 km2) 

1.01 

(0.01) 

1.00 

(0.01) 

0.98* 

(0.01) 

0.98 

(0.01) 

1.01 

(0.01) 

1.00 

(0.01) 

1.01 

(0.01) 

1.01 

(0.01) 

1.00 

(0.01) 

1.00 

(0.01) 

1.00 

(0.00) 

1.00 

(0.00) 

Proportion of Tamil 

residents in total 

population (×10) 

1.19 

(0.18) 

--- 0.24 

(0.88) 

--- 1.12 

(0.57) 

--- 0.80 

(0.27) 

--- 2.40** 

(0.19) 

--- 0.98 

(0.04) 

--- 

Proportion of Hindu 

residents in total 

population (×10) 

 

--- 

1.29* 

(0.13) 

 

--- 

0.25 

(0.93) 

 

--- 

0.32 

(0.70) 

 

--- 

0.98 

(0.14) 

 

--- 

2.70** 

(0.18) 

 

--- 

1.00 

(0.05) 

Number of general 

grocery shops per 1000 

population 

0.95 

(0.04) 

0.96 

(0.04) 

0.89* 

(0.05) 

0.89* 

(0.05) 

0.98 

(0.06) 

0.94 

(0.05) 

1.01 

(0.03) 

1.02 

(0.03) 

1.18* 

(0.07) 

1.18** 

(0.07) 

1.00 

(0.01) 

1.00 

(0.01) 

Proportion of 

households below 

poverty line (*10) 

0.72 

(0.51) 

0.69 

(0.51) 

0.56 

(0.51) 

0.62 

(0.48) 

0.52 

(0.48) 

0.70 

(0.48) 

0.99 

(0.41) 

0.96 

(0.42) 

3.52 

(0.97) 

2.98 

(1.00) 

1.14 

(0.12) 

1.14 

(0.12) 

Average monthly household income (1000 Rs)
4
          

                                                      

1 Group II geospatial -level diagnostics comprise the clinical diagnostics and retrospective molecular laboratory diagnostics. Dengue and leptospirosis are 

determined by the latter, while URTI, LRTI, and gastroenteric infections are determined by the former. Undifferentiated fever is defined as the cases received no 

diagnostic results from either of the two stages. 
2 As described in Section 2.4, each Group II geospatial unit comprises several Group I geospatial unit, of which the social/ecological conditions are summarized 

from Galle Census Department’s sub-division-level data sheets.  
3 Standard error (non-exponential) is given in parentheses under exponential coefficients; the individual coefficient is statistically significant at the 

*5% level or **1% significance level using two-sided test. 
4 Refer to Section 2.2.2 
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Linear (X) 8.46 

(4.97) 

12.61 

(5.12) 

0.00 

(3.85) 

0.00 

(4.20) 

1.34E-4* 

(4.50) 

1.23E-5* 

(4.62) 

5.29E+3 

(5.01) 

7.56E+3 

(5.00) 

1.02E+8 

** 

(6.50) 

1.56E+8 

** 

(6.62) 

4.20 

(1.52) 

4.27 

(1.53) 

Quadratic 

(X×X) 

0.92 

(0.22) 

0.90 

(0.23) 

1.33 

(0.17) 

1.38 

(0.18) 

1.44 

(0.20) 

1.61* 

(0.20) 

0.69 

(0.22) 

0.68 

(0.22) 

0.45** 

(0.28) 

0.44** 

(0.28) 

0.95 

(0.07) 

0.94 

(0.07) 

Travel distance              

Cost-distance 

to THK 

(hours) 

1.87 

(0.47) 

1.92 

(0.47) 

0.62 

(0.91) 

0.57 

(1.97) 

2.50 

(0.34) 

2.51** 

(0.33) 

1.31 

(0.59) 

1.31 

(0.61) 

0.08* 

(1.04) 

0.10* 

(0.97) 

0.80 

(0.21) 

0.80 

(0.21) 

Relative 

distance(×2) 

0.68* 

(0.17) 

0.67* 

(0.17) 

1.21 

(0.15) 

1.22 

(0.16) 

0.66 

(0.25) 

0.62 

(0.25) 

1.09 

(0.16) 

1.10 

(0.16) 

1.57* 

(0.02) 

1.54* 

(0.19) 

0.95 

(0.06) 

0.95 

(0.06) 

Summary Statistics             

Pseudo R
2
 0.07 0.08 0.11 0.10 0.09 0.11 0.05 0.05 0.16 0.17 0.02 0.02 

goodness-of-fit p value  0.36 0.38 0.61 0.57 0.28 0.40 0.60 0.58 0.85 0.88 0.94 0.94 

N (GII units) 465 46 46 46 46 46 46 46 46 46 46 46 

                                                      

5 Four of totally fifty G II units are dropped from these regressions, since the fact that the total number fever patients equal to zero in these units does not comply 

the assumption of Poisson regression model. 
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Table 12: Group-II geospatial level Poisson regression of “observed disease rate in THK” and socioeconomic conditions. 

Disease category:
1
 Leptospirosis Dengue URTI LRTI Gastroenteric 

infection 

Undifferentiated 

fever 

Regressor
2
 (1)3 (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

Population density 

(average number of 

residents per 1/100 km2) 

0.99 

(0.01) 

1.00 

(0.01) 

0.97* 

(0.01) 

0.97 

(0.01) 

1.00 

(0.01) 

1.00 

(0.01) 

1.00 

(0.01) 

1.00 

(0.01) 

0.98 

(0.01) 

0.99 

(0.01) 

0.99 

(0.01) 

0.99 

(0.01) 

Proportion of Tamil 

residents in total 

population (×10) 

2.23** 

(0.28) 

--- 0.80 

(0.49) 

--- 2.19 

(0.46) 

--- 1.60 

(0.32) 

--- 4.68** 

(0.16) 

--- 2.01** 

(0.13) 

--- 

Proportion of Hindu 

residents in total 

population (×10) 

 

--- 

2.89** 

(0.16) 

 

--- 

0.96 

(0.52) 

 

--- 

0.96 

(0.85) 

 

--- 

2.14** 

(0.21) 

 

--- 

5.40** 

(0.17) 

 

--- 

2.27** 

(0.17) 

Number of general 

grocery shops per 1000 

population 

0.94 

(0.05) 

0.96 

(0.05) 

0.93 

(0.05) 

0.94 

(0.05) 

0.98 

(0.06) 

0.94 

(0.08) 

1.04 

(0.04) 

1.05 

(0.04) 

1.25* 

(0.09) 

1.26** 

(0.09) 

1.02 

(0.03) 

1.02 

(0.48) 

Proportion of 

households below 

poverty line (*10) 

0.87 

(0.63) 

0.72 

(0.67) 

0.51 

(0.64) 

0.49 

(0.63) 

0.49 

(0.57) 

0.59 

(0.65) 

1.29 

(0.78) 

1.13 

(0.83) 

4.73 

(0.85) 

3.37 

(0.88) 

1.24 

(0.45) 

0.60 

(4.98) 

Average monthly household income (1000 Rs)
4
          

                                                      

1 Group II geospatial -level diagnostics comprise the clinical diagnostics and retrospective molecular laboratory diagnostics. Dengue and leptospirosis are 

determined by the latter, while URTI, LRTI, and gastroenteric infections are determined by the former. Undifferentiated fever is defined as the cases received no 

diagnostic results from either of the two stages. 
2 As described in Section 2.4, each Group II geospatial unit comprises several Group I geospatial unit, of which the social/ecological conditions are summarized 

from Galle Census Department’s sub-division-level data sheets.  
3 Standard error (non-exponential) is given in parentheses under exponential coefficients; the individual coefficient is statistically significant at the 

*5% level or **1% significance level using two-sided test. 
4 Refer to Section 2.2.2 
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Linear (X) 0.65 

(5.81) 

2.52 

(5.98) 

0.00 

(6.06) 

0.00 

(6.04) 

9.75E-8* 

(7.27) 

7.96E-8* 

(7.31) 

559.63 

(9.15) 

1124.63 

(9.02) 

1.08E+7 

(8.52) 

1.08E+7 

(8.62) 

0.32 

(5.25) 

0.60 

(4.98) 

Quadratic 

(X×X) 

1.04 

(0.25) 

0.98 

(0.26) 

1.43 

(0.26) 

1.42 

(0.26) 

1.99* 

(0.32) 

2.01* 

(0.32) 

0.77 

(0.39) 

0.75 

(0.38) 

0.51 

(0.37) 

0.50 

(0.37) 

1.07 

(0.22) 

1.04 

(0.21) 

Travel distance              

Cost-distance 

to THK 

(hours) 

0.41 

(0.75) 

0.51 

(0.64) 

0.02* 

(1.96) 

0.02* 

(1.95) 

0.97 

(1.04) 

1.11 

(1.00) 

0.15 

(2.05) 

0.16 

(2.00) 

1.87E-3 

** 

(1.54) 

2.58E-3 

** 

(1.53) 

0.06** 

(1.01) 

0.07** 

(0.96) 

Relative 

distance(×2) 

0.32 

(0.27) 

0.30** 

(0.25) 

1.22 

(0.31) 

1.23 

(0.31) 

0.28* 

(0.53) 

0.25* 

(0.57) 

0.71 

(0.50) 

0.70 

(0.50) 

1.62 

(0.31) 

1.55 

(0.32) 

0.70 

(0.26) 

0.68 

(0.26) 

Summary Statistics             

Pseudo R
2
 0.42 0.43 0.29 0.29 0.37 0.35 0.28 0.29 0.41 0.42 0.56 0.56 

goodness-of-fit p value  0.03 0.05 0.36 0.36 0.01 0.01 0.00 0.00 0.88 0.91 0.00 0.00 

N (GII units) 50 50 50 50 50 50 50 50 50 50 50 50 
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4.2.2 Ecological conditions of patients’ residential areas and the disease 

distribution 

Associations between regional ecological conditions and disease distributions are studied 

respectively for 10 ecological features:  

1. Regional hydro features, such as lakes, rivers, and ponds, are positively associated with 

the proportion of dengue fever. A special index is used to measure people’s exposure to 

water features, which is defined as the length of total boundary of the water features over 

the square root of area of the corresponding GII unit. With this index, we assume that 

people’s exposure to water is proportional to the length of water boundary. According to 

Table 13, among the enrolled patients, if Patient A is from an area where the water index 

is 0.1 higher than the area where Patient B comes from, then the probability of being 

diagnosed as dengue fever for A is 1.02 times as high as the probability for B. This result 

suggests that people live close to water may have a slightly but significantly higher risk 

of dengue fever. However, this result may be biased due to potential different effects 

between the exposure to lagoons in coastal areas with salty water to river/lakes with fresh 

water in remote areas. 

2. It is also shown in Table 13 that coconut plantations and rubber plantations are associated 

with reduced proportion of leptospirosis; tea plantations are associated with reduced 

proportion of undifferentiated fever; and marsh areas are associated with increased 

proportion of dengue fever. All the associations have been adjusted to potential social 

determinants, namely population density, household income, diversity of ethnics and 

religious belief, as well as the average/relative travel distance to THK.  
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The characteristics of diseases, pathogens, and transmission path may contribute to the 

positive associations. For example, it is not surprising to observe a larger proportion of dengue 

patients from an area with higher marsh coverage, which facilitates mosquito breeding. However, 

the negative associations are sometimes hard to interpret. The negative associations between 

ecological features and disease distribution do not always imply the potential protection effects, 

due to the mutual constrains among diseases or among ecological features. For example, 

assuming there are only paddy fields and forest in a bunch of geospatial units and the coverage of 

paddy fields and forest are complementary, if paddy fields coverage is positive associated with 

Disease A, then it is not surprising to observe a “false” negative association between Disease A 

and forest coverage.  

 



 

68 

 

Table 13: Group-II geospatial level Poisson regression of febrile diseases distribution and 

selected ecological features. 

Disease category:
1
 Leptospirosis Dengue Undifferentiate

d fever 

Regressor (1)2 (2) (3) 

(×10) Percentage coverage of selected ecological features  

Lake/river/pond/ 

other hydro 

features
3
 

1.00 

(0.01) 

1.02** 

(0.01) 

1.00 

(0.00) 

Coconut plantation 0.75* 

(0.12) 

1.20 

(0.14) 

1.06 

(0.04) 

Chena 1.68 

(1.07) 

2.63E-7 

(11.36) 

0.58 

(0.55) 

Forest 1.16 

(0.13) 

0.85 

(0.31) 

0.98 

(0.07) 

Grassland/scrub 

land 

1.05 

(0.15) 

0.69 

(0.31) 

0.99 

(0.05) 

Homesteads/built up 

area 

1.17 

(0.14) 

0.80 

(0.15) 

1.00 

(0.03) 

Marsh 1.04 

(0.22) 

1.99** 

(0.26) 

0.99 

(0.09) 

Paddy field 1.04 

(0.13) 

1.02 

(0.15) 

1.05 

(0.03) 

Rubber plantation 0.69* 

(0.17) 

1.20 

(0.21) 

1.03 

(0.05) 

Tea plantation 1.38 

(0.17) 

0.99 

(0.31) 

0.84** 

(0.05) 

Adjusting for population density, average household income, diversity of ethnics and 

religious belief, and average/relative travel distance to THK.  

                                                      

1 As described in Chapter 2, individual-level diagnostics comprise the clinical diagnostics and retrospective 

molecular laboratory diagnostics. Dengue and leptospirosis are determined by the latter, while URTI, LRTI, 

and gastroenteric infections are determined by the former. Undifferentiated fever is defined as the cases 

received no diagnostic results from either of the two stages. 
2 Standard error is given in parentheses under exponential coefficients; the individual coefficient 

is statistically significant at the *5% level or **1% significance level using two-sided test. 
3 The length of total boundary of the water features over the square root of area of the corresponding GII 

unit. 
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Table 14: Group-II geospatial level Poisson regression of “observed disease rate in THK” 

and selected ecological features. 

Disease category:
4
 Leptospirosis Dengue Undifferentiate

d fever 

Regressor (1)5 (2) (3) 

(×10) Percentage coverage of selected ecological features  

Lake/river/pond/ 

other hydro 

features
6
 

1.00 

(0.01) 

1.02** 

(0.01) 

0.99 

(0.01) 

Coconut plantation 0.83 

(0.18) 

1.20 

(0.15) 

1.08 

(0.12) 

Chena 9.37** 

(0.63) 

1.21E-4 

(12.59) 

6.33 

(1.06) 

Forest 1.36 

(0.19) 

1.40 

(0.31) 

1.38** 

(0.12) 

Grassland/scrub 

land 

1.03 

(0.15) 

0.97 

(0.01) 

1.04 

(0.13) 

Homesteads/built up 

area 

0.93 

(0.15) 

0.70* 

(0.15) 

0.83 

(0.10) 

Marsh 0.61* 

(0.23) 

0.94 

(0.32) 

0.52** 

(0.19) 

Paddy field 0.96 

(0.15) 

0.80 

(0.12) 

0.88 

(0.10) 

Rubber plantation 0.90 

(0.19) 

1.39 

(0.24) 

1.26 

(0.12) 

Tea plantation 1.63** 

(0.14) 

1.33 

(0.27) 

1.13 

(0.11) 

Adjusting for population density, average household income, diversity of ethnics and 

religious belief, and average/relative travel distance to THK.  

 

                                                      

4 As described in Chapter 2, individual-level diagnostics comprise the clinical diagnostics and retrospective 

molecular laboratory diagnostics. Dengue and leptospirosis are determined by the latter, while URTI, LRTI, 

and gastroenteric infections are determined by the former. Undifferentiated fever is defined as the cases 

received no diagnostic results from either of the two stages. 
5 Standard error is given in parentheses under exponential coefficients; the individual coefficient 

is statistically significant at the *5% level or **1% significance level using two-sided test. 
6 The length of boundary of the water features over the square root of area of the corresponding GII unit. 
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4.3 Conclusion: predictors of febrile disease distribution or “observed 

disease rate in THK” 

By summarizing both the analysis in individual patient’ level and Group II geospatial 

level, we suggest that the disease distribution of three important disease categories: leptospirosis, 

dengue fever, and undifferentiated fever, are associated with a series of socioeconomic and 

ecological conditions.  

Proportion of leptospirosis cases among all enrolled fever patients is positively associated 

with age group 26 to 55 years old, job of farming or student, exposure to water in paddy fields, 

and religious belief in Hinduism.  

 Proportion of dengue cases among all enrolled fever patients is positively associated 

with age group 15 to 25 years old, living in area with high water coverage or marsh coverage, but 

negatively associated with population density and local commercial development (number of 

general grocery shops per 1000 population).  

Proportion of undifferentiated fever among all enrolled fever patients is positively 

associated with gender of female, age group 2 to 14 years old, relatively low education 

accomplishment (ordinary level), but negatively associated with paddy field exposure. 

Comparisons have been taken between the predictors of disease distribution and the 

potential determinants of the “observed disease rate in THK.” Mutual constrain among the related 

“coverage” or “proportion” variables, such as the proportion of each disease among all the 

enrolled cases, is considered as the major cause of difference between the two types of predictors.  
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Chapter 5: Validation and Limitations 

The methodological concerns, limitations, and related validations are discussed in this 

chapter. Briefly, due to the limitation of research infrastructure, this study relies on the clinical 

data collected from THK, the socioeconomic data from local census sheet, and the GIS data from 

Sri Lankan national survey department. The single-center sampling implies that our clinical data 

does potentially suffer from selection bias. Since the socioeconomic data are provided in 

geospatial level but not for individuals, we have to limit analyses in aggregated geospatial level 

where some epidemiological variances are missing. In addition, given the rapid development of 

Sri Lanka, the GIS data are potentially outdated and reduce the accuracy of our analyses. 

Regarding these concerns, several specific solutions and their limitations are discussed below: 

5.1 Disease risk, “observed disease rate in THK”, and disease distribution 

Cumulative incidence of disease, or disease risk, is the number of new cases within a 

specified time period divided by the size of the population initially at risk, which is frequently 

used in Epidemiology in identifying the determinants of diseases. However, the risk of febrile 

illness is not measurable in this study for the following reasons:  

1. Only an unknown proportion of the febrile patients visit hospitals; 

2. Only an unknown proportion of the febrile patients who decided visit hospitals came to 

THK, while others may go to private health providers or the other 6 fever-treating 

hospitals in Galle; 

3. Only an uncertain proportion of the febrile patients who visited THK enrolled the study; 

4. Timing frame of this study is difficult to measure, since the recruitment of patients is 

probably not consistent.  
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Therefore, we propose two optional estimates of disease frequency to identifying the 

determinants of diseases: “observed disease rate in THK” and disease distribution. 

                            

 
                                                                               

                  
 

                     

 
                                                                               

                                                                
 

5.1.1 Limitation of single-center clinical investigation 

The major limitation of “observed disease rate in THK” that, since our clinical 

investigation data are collected only in THK, though it is the largest and the only third-tier 

hospital in Galle, we expect that the social, ecological, and clinical characteristics of THK 

patients may be different from the overall patients in Galle. For example, now we assume that 

poor patients, comparing to the moderate patients, are more likely to receive treatment in a close-

by hospital other than THK due to the cutoff of travel cost, and we want to assess the association 

between poverty and a specific disease. Number of patients with specific disease enrolled in THK 

clinical investigation is associated with poverty via two factors: the potential vulnerability change 

by poverty and the probability of visiting THK by poverty. Unfortunately, the latter is 

immeasurable according to the single-center clinical investigation.  

In Chapter 3, we proposed two variables: patient’ travel distance to THK and relative 

travel distance to THK per to the nearest fever-treating hospital. Theoretically, adjusting to these 

two variables may help diminishing the selection bias. However, we are not able to validate 

whether adjusting to travel distance can really solve the problem without collecting clinical data 

from the fever-treating hospitals other than THK.  
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In conclusion, if either one of the following two critical assumptions are placed, 

“observed disease rate in THK” could be a good estimate of disease risk in identifying disease 

determinants: first, travel distance can fully explain the behavior difference of patients in whether 

visiting THK or not when they are in same condition but live in different areas. That is, patients 

from different areas have same chance to visit THK if adjusted to their cost-distance to hospitals. 

Or, second, the probability of visiting hospital for patients with acute febrile illness is not 

associated with their socioeconomic status or ecological surrounding. That is, the patients 

presented in the hospitals are representative to the overall patients in terms of the socioeconomic 

status and ecological surrounding.  

5.1.2 Theoretical basis of assessing disease occurrence with disease 

distribution  

In Chapter 4, the above two assumptions are loosened by using disease distribution as the 

estimate of disease risk for each geospatial unit, instead of the “observed disease rate in THK.”  

In the above example, while the number of patients with specific disease enrolled in THK 

clinical investigation is associated with poverty via two factors: the potential vulnerability change 

(change of the specific disease risk) by poverty and the probability of visiting THK by poverty. 

The denominator of disease distribution- total number of patients enrolled in THK clinical 

investigation - is also associated with poverty via two factors: the potential change of the overall 

febrile illness risk by poverty and the probability of visiting THK aligned with poverty. It is 

expected that the latter factor could be eliminated since it exists in both numerator and 

denominator. Thus the selection bias is largely avoided.  

However, there are three concerns for using disease distribution: first, if the probability of 

visiting THK aligned with poverty is different for patients with the specific disease and for the 

overall febrile patients, or in another words, patients with this specific disease are more or less 
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likely to visit THK than patients with other febrile diseases, than the selection bias cannot be 

eliminated by using disease distribution. Unfortunately, given that THK is the only third-tier 

hospital in Galle, it is unsurprising to find patients from remote areas for treatment against severe 

symptoms, while they may not come for mild illness.  

Second, if the potential change of the overall febrile illness risk by poverty is significant 

then the association between poverty and disease distribution would be significantly weaker than 

the real association between poverty and disease risk.  

Third, the mutual constrain among different disease categories could be troublesome. For 

example, assuming only dengue and leptospirosis are observed in a population, then the total of 

disease distribution rate of leptospirosis and disease distribution of dengue always equals 1 in 

each unit. If the disease distribution of leptospirosis is positively associated with poverty, then the 

disease distribution of dengue would present false negative association with poverty. This effect 

is actually found in our results: while the associations between marsh coverage and “observed 

disease rate in THK” of leptospirosis and undifferentiated fever are significantly negative (Table 

14), the associations were not found by using disease distribution (Table 13). Instead, marsh 

coverage is found significantly positively associated with the disease distribution rate of dengue.  

Therefore, the choice between “observed disease rate in THK” and disease distribution as 

estimate of disease risk is controversial. In the Chapter 4 of the current study we use disease 

distribution to reveal the determinants of diseases, because the selection bias is too strong to omit 

and not likely to be fully avoided by adjusting to patient’ travel distance, due to the single-center 

clinical investigation. 
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5.2 Analysis in individual level or geospatial levels 

Since the clinical investigation is not specifically designed for the current study, the 

clinical information collected is not enough for the current research purpose. First, since all the 

individual-level data are collected from febrile patients, it is impossible to compare the patients 

with a specific febrile disease or the overall febrile patients with a control group of normal 

people. Second, some essential individual socioeconomic data are not collected, such as patient’ 

income, religious belief, and ethnics. Therefore, we can only study the association between these 

conditions and febrile illness in geospatial levels, which are considered less precise since people’s 

socioeconomic conditions are aggregated together in geospatial units and their intra-variance is 

veiled.  

In addition, our subjects (patients) are highly spatially concentrated near THK due to the 

travel distance argument. As a result, many divisions do not have any patients presented in THK. 

This concentration largely reduces the efficiency of Poisson regression among geospatial units, 

even for the GII units generated from geospatial aggregation. 

5.3 Other methodological considerations 

5.3.1 Perfect and imperfect multicollinearity 

Both in Chapter 4 and Chapter 5, perfect and imperfect multicollinearity among 

regressors are observed, such as religious belief and ethnics, education accomplishment and 

occupation. Though multicollinearity between independent variables leads to reduction of 

regression efficiency, giving up some variables may cause the omitted variable bias. While 

perfect multicollinearity is always avoided, the tradeoff between regression efficiency and 

goodness of fit is decided for the purpose: in Chapter 4, to reveal the effect of a certain variable, 

its autocorrelated variables would be removed, while the imperfect multicollinearity among the 
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adjustors would be kept; in Chapter 5, all the measurable variables which increase the adjusted R
2
 

would be kept.  

5.3.2 Accuracy of diagnostics 

Accuracy of diagnostics is important for the accuracy of this study. However, as shown in 

Chapter 2, the clinical diagnostics are found not accurate enough by comparing to the molecular 

diagnostic results. In the current study, we obtained molecular diagnostic results only for dengue 

and leptospirosis from the parent project. Considering the large proportion of undifferentiated 

febrile cases (451/876), molecular diagnostics results for other febrile diseases, such as 

Chikungunya, would help us obtain a better understanding of febrile disease determinants.   

5.4 Conclusion and Solutions 

Overall, investigating geospatial epidemic of febrile illness and its potential 

socioeconomic and ecological determinants requires our comprehensive understanding of the 

target population, the disease occurrence, and the ecological conditions. Even under restricted 

infrastructure, which is especially common for global health research, we should optimize our 

research protocol to maximize the efficiency of data collection and analysis.  

As for the current study, a multi-center clinical investigation, even with fewer subjects, 

accompanied by some internal and external validation processes would largely  increase the 

accuracy of analysis by avoiding the tradeoff between disease distribution and “observed disease 

rate in THK” as the estimate of disease risk.  

 This study presents an example of investing socioeconomic and ecological determinants 

of communicable diseases, as well as estimating or predicting geospatial disease occurrence, 

under restricted infrastructure and with limited cost. It provides evidence for future cohort and 

case-control studies to accurately reveal the determinants of febrile illness. In addition, the 
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current study suggests the need of further febrile disease surveillance in Sri Lanka with molecular 

diagnostic supports, in order to unveil the causes of these undifferentiated fever cases.  
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Appendix A: Field Assessment Form 
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Appendix B: Field Visit Gallery 

 Paddy Fields 

 Swamp 

  

Maternal Education Room, Bope Poddala 

Divisional Medical Center. 
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 Rubber Plantation and labors 

Close contact to domestic animals in urban 

Sri Lanka 

Tea Plantation and living condition of tea 

pickers.  
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