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Abstract
Aim Lymphatic filariasis is an important public health prob-
lem that causes economic loss and poverty in many endemic
regions of India. This study explores the influence of socio-
economic factors on filariasis prevalence in the Chittoor dis-
trict of Andhra Pradesh.
Subjects and methods To understand the influence of socio-
economic variables on lymphatic filariasis, a pilot-scale epi-
demiological and socioeconomic study was conducted in 30
villages of Chittoor district, Andhra Pradesh, India, from 2004
to 2007. Data were analyzed statistically by frequency distri-
bution, multivariate logistic regression and principal compo-
nent analysis (PCA).
Results A total of 5133 blood samples were collected and
screened for microfilaria; 77 were found to be positive
(1.52%). Themultivariate analysis showed that variables such
as age (OR=2.4, 95 % CI: 1.47–4.01), income [Indian rupees
(INR): <1000: OR=4.2, 95 % CI: 1.48–11.76; INR: 1000–
3000: OR=3.84, 95 % CI:1.92–7.68], drainage system (OR=
3.5, 95 % CI: 1.62–7.5), mosquito avoidance (OR=1.41,
95 % CI: 0.69–2.87) and participation in mass drug adminis-
tration (MDA) programs (OR=1.33, 95 % CI:0.74–2.38)
were risk factors for filariasis. The socioeconomic index de-
rived from the PCAwas categorized into low (1.7%), medium
(1.7 %) and high (1.3 %) in relation to the percentage of
parasite prevalence.

Conclusion This study reveals that filariasis is largely associ-
ated with various socioeconomic factors. Hence, health offi-
cials should focus on improving the quality of life to minimize
the filarial incidence in the endemic villages by considering
the socioeconomic index as a marker for targeting low and
medium socioeconomic level groups for disease control
programs.
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Introduction

Lymphatic filariasis (LF) is one of the neglected tropical dis-
eases caused by three dominant species of parasites (viz.,
Wuchereria bancrofti, Brugia malayi and Brugia timori) and
mostly transmitted by Culex and Anopheles mosquito species
(Bockarie and Molyneux 2009). LF is most prevalent in Af-
rica, South Asia, Southeast Asia and parts of South America,
accounting for over 127 million people from 81 countries
infected with this parasite. Around 1.3 billion people are at
risk of infection and 45 million suffer from the consequences
of chronic disease manifestations (WHO 2009; Michael and
Bundy 1997). In India, filariasis is an important public health
problem in 18 states, and the Union Territories alone contrib-
ute 40 % of filarial cases globally (Ottesen et al. 2008). India’s
National Health Policy on LF was started in 2002. The main
objective of this program is to eliminate LF transmission and
prevent disability due to LF by the year 2015 by providing an
annual single dose of diethyl carbamazine citrate (DEC). Un-
der this program, in Andhra Pradesh, 16 districts were includ-
ed in a mass drug administration (MDA) program, which cov-
ered 54 million people (NVBDCP 2004). The Government of
India also launched a nationwide MDA program in 2004 in
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many areas identified as endemic. In 2004, only 202 districts
were covered, with a coverage rate of 72.6 %; from 2007
onwards, MDA coverage was increased to 250 districts in
different states of India (Upadhyayula et al. 2012b).

The human development index (HDI) and LF endemicity
were analyzed in 161 countries; of these, 94% of the countries
with the lowest HDIs were found endemic for lymphatic fila-
riasis. Based on the per capita incomes of 175 countries, it was
observed that a high LF endemicity of 73 % was observed in
low-income countries, 33 % in middle-income countries and
5% in high-income countries (Durrheim et al. 2004). Hence, it
is assumed that LF mostly prevails in low socioeconomic
conditions. However, the association between socioeconomic
conditions and LF is poorly understood and has not been
quantified (Ahorlu et al. 1999; Upadhyayula et al. 2012a).

LF has a wide range of clinical symptoms such as fever,
chronic symptoms of hydroceles, lymphoedema, elephantiasis
of the limbs, enlarged breasts and kidney damage, causing
great morbidity and disability of the infected persons (WHO
1992). Apart from these clinical manifestations, LF infection
has many other significant effects such as causing disabilities
and poor mental health, leading to social stigma, discrimina-
tion and inability to work, placing a socioeconomic burden on
the affected person, their family and the country as a whole
(Mishra 2009; Okon et al. 2010; Litt et al. 2012). Most
neglected diseases grow in a society because of lack of proper
knowledge about transmission and awareness of the disease,
poor quality of habitats, and negligence in targeting the path-
ogens and vectors (Mwakitalu et al. 2013). Factors such as
population migrations (Ramaiah 2013), presence of mosquito
habitats, high vector density and availability of infected mos-
quitoes support the transmission of filariasis (Boyd et al.
2010). Similarly, other associated factors such as not
implementing personal protection measures (such as mats,
repellents, liquid vaporizers, bed nets and mosquito
coils) increase the human-vector contact (Charu Kohli
et al. 2014), as do noncompliance with mass drug ad-
ministration (MDA) programs, lack of proper MDA dis-
tribution centers, non-consumption of DEC drugs
(Mukhopadhyay et al. 2008) and lack of awareness
about MDA programs (Litt et al. 2012; Ghosh et al.
2013). Apart from these above factors, the transmission
of filariasis is also strongly influenced by various socio-
economic and demographic factors that play an impor-
tant role in the disease transmission (Cano et al. 2014;
Upadhyayula et al. 2012a). Hence, to understand the
influence of various socioeconomic factors on LF, dis-
ease surveillance studies were undertaken in villages in
the Chittoor district of Andhra Pradesh, India, and a
socioeconomic index was also developed as a marker
to help health officials monitor the prevalence of filari-
asis among the different socioeconomic groups for im-
mediate remedies.

Methods

Study site

The survey was conducted in selected villages of the Chittoor
district of Andhra Pradesh, India (Fig. 1). The Chittoor district
(12°37′-14°8′N& 78°3′-79°55′ E) lies in the Southern part of
Andhra Pradesh along the banks of the Ponnai River. It is
bounded on the north by the Anantapur and Cuddapah dis-
tricts, on the East by the Nellore and Chengai-Anna district of
Tamilnadu, on the South by the North Arcot Ambedkar and
Dharmapuri districts of Tamilnadu, and on the west by the
Kolar District of Karnataka state. Around 30 % of the land
in Chittoor is covered by forests. The topography of these
selected villages is generally undulating, and the altitude
varies between a low of 117 mt and high of 431 mt. The
temperature in the western part of the district is relatively
lower than in the eastern part of the Chittoor district. This is
because of the higher altitude of the western compared to the
eastern parts. During the study period, the summer tempera-
tures peak at 46 °C in the eastern parts, whereas in the western
parts it ranges from 36° to 39 °C. Similarly, the winter tem-
peratures in the western parts are relatively low, ranging be-
tween 13 °C and 16 °C, and in the eastern parts from 17 °C to
19 °C. According to the 2011 census, the total population of
the Chittoor district is 4.173 million, of which 2.09 million are
male and 2.083 million female. About 29.50 % of the popu-
lation lives in urban sectors, and 70.50 % of the population
lives in rural areas. The population data concerning castes in
the Chittoor district show that around 18.8 % and 3.8 % of the
population belong to scheduled castes and scheduled tribes,
respectively. The average literacy rate in the Chittoor district is
71.53 %, of which 79.83 % males and 63.28 % females are
literate. Concerningmonthly income (Indian rupees, INR), the
basic wage in the Chittoor district is INR/Rs: 2635. Agricul-
ture is the main source of income for the populace residing in
rural areas; the majority of the population in this district de-
pends on this activity directly or indirectly to earn their daily
income. For about 1.933 million (46.3 %) of the population,
the main occupation is as laborers, of which 31.3 % are en-
gaged in agricultural labor and the rest work in various indus-
tries and other sectors.

Study design

Chittoor district is considered to be highly endemic for LF.
Thirty villages were identified by health authorities and
marked as filarial endemic. Both epidemiological and socio-
economic surveys were conducted from 2004 to 2007. The
houses in the villages were chosen randomly for the study.
Residents of selected households were interviewed using a
structured questionnaire, and blood samples were collected
at night (because the microfilariae that cause lymphatic
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filariasis circulate in the peripheral blood at night, and the
process of LF is called nocturnal periodicity) by the finger
prickmethod. Similarly, the global position system (GPS) data
of each village were collected during the study period.

Ethics statement

The study received ethical clearance from the Ethics Commit-
tee of the CSIR-Indian Institute of Chemical Technology, af-
filiated with the Ministry of Science and Technology, Govern-
ment of India. The survey was supervised overall by the con-
cerned health officials of Chittoor district, Government of
Andhra Pradesh. In addition, all the respondents were in-
formed and gave written consent before beginning the epide-
miological survey in the presence of the health officials. Sim-
ilarly, written consent of the parents/guardians was also ob-
tained for the minors who participated in this survey. All par-
ticipants in the survey/questionnaire element of the study also
provided written consent.

Collection of socioeconomic data

A short questionnaire was designed to collect socioeconomic
data to help assess the risk factors for filariasis. The socioeco-
nomic information was collected from respondents who were
registered to participate in the epidemiological study. Informa-
tion on family characteristics with a possible influence on
filariasis infection, such as age, gender, occupation, education,
income (INR: Indian rupees), house structure, breeding habi-
tats of mosquitoes, drainage system, mosquito avoidance

measures, participation in mass drug administration (MDA)
programs and awareness of filariasis, was collected by
interviewing each head of the family if he/she was available
or from another member of the household answering the ques-
tionnaire. The questionnaire was composed according to local
requirements and appropriateness.

Serological survey

Households of residents who provided socioeconomic data
and were selected for interviews were visited at night from
8–11 p.m. Using the finger prick method, 20-μl blood samples
were collected on clean, prenumbered slides. Approximately
170 blood smears were collected from each village. The sam-
ples were dehemaglobinized, fixed and stained with JSB
(Jaswant-Singh-Bhattacherji) stain, then checked under the
microscope for microfilaria (MF) of Wuchereria bancrofti.

Development of the socioeconomic index

Principal component analysis (PCA) was done using SPSS,
version 15.0, to estimate the socioeconomic index from a
combination of household and asset variables (Filmer and
Pritchett 2001). The household socioeconomic position is de-
fined as the complex of social and economic factors that in-
fluence the position of the individuals and groups within the
structure of the society (Lynch and Kaplan 2000). Socioeco-
nomic and disease-related information included occupation,
age group, education level, monthly income (INR), house
structure, drainage system, mosquito breeding habitats and

Fig. 1 Map showing the study area of Chittoor district, Andhra Pradesh, India
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participation in an MDA program. Data on these variables
were collected from the head of the family using a structured
questionnaire.

The socioeconomic index was derived after performing the
PCA by including all socioeconomic variables. Information
on these variables was used to generate eigenvectors (weights)
by PCA, using the varimax rotation method. The higher the
eigenvector of a variable, the stronger is their association with
high socioeconomic status (WHO 2002). The PCA analysis
showed that the first three factors [occupation, education and
income (INR)] had 61 % cumulative variance (eigene value
>1) (Table 2). These weights were used to create a socioeco-
nomic index for the study area. Based on the weights, the data
were grouped according to socioeconomic status into three
categories, low, medium and high status (Table 4).

Statistical analysis

SPSS version 15.0 was used for statistical analysis. The fre-
quency distribution of different socioeconomic variables was
calculated, and the occurrence of filariasis was compared with
these variables by chi-square test. The socioeconomic index
was derived by PCA. The odds ratio with 95 % CI was calcu-
lated for all independent variables (socioeconomic factors)
and dependent variables (filariasis prevalence) using the mul-
tivariate logistic regression method, and the level of signifi-
cance was considered 0.05.

Results

Filarial infection was assessed for each respondent by exam-
ining the microfilaria (MF) from the collected blood sample
using light microscopy. During the survey 5133 blood sam-
ples were collected from 931 households, of which 77
(1.52 %) serum samples were found to be positive for micro-
filaria (MF). Among the (30) surveyed villages, high microfi-
laria (MF) rates were reported from Thumendula Palem (7%),
Kanipaka Patnam (4 %), Ramapuram (3 %) and Chittapara
(3 %). The MF rates of Penumuru (2 %), Pymagam (1.5 %),
Mittapalli, Mahasamudram and Chinnakam Palli (1 %) vil-
lages were reported, respectively. The remaining villages in
the district (Anoop Palli, Chinnareddy Palle, Ekambara
Kuppam, Nangamangalam and Poola Kandiga) reported an
MF rate <1 %. In some of the villages no MF was recorded.
Table 1 summarizes the epidemiological data on filariasis and
its prevalence related to various demographic and socioeco-
nomic factors in the Chittoor district of Andhra Pradesh, India.
This study showed that higher numbers of filarial cases were
mostly found among the middle and high age groups com-
pared to the younger age groups (P<0.001). More filariasis
cases were found among male (52.6 %) than female (47.4 %)
respondents; however, the difference was not significant (P=

0.525). When considering the socioeconomic factors, the dis-
ease prevalence was highly associated with occupation (P=
0.006), education (P=0.021), income (INR) (P=<0.001),
breeding habitats of mosquitoes (P=<0.001), drainage system
(<0.001), mosquito avoidance (P=<0.001) and filariasis
awareness (P=0.002) (Table 1). Although more filariasis
cases were found among respondents who lived in tiled hous-
es than in huts and RCCs, the occurrence of LF was not asso-
ciated with the type of housing structure (P=0.615).

Socioeconomic index

All socioeconomic variables with relevant contributions were
used to generate a combined socioeconomic index using PCA.
To asses the number of factors, eigenvalues and scree plots
were used (Fig. 2). The first principal component factor
showed an eigenvalue of 2.402 with 26.686% variance, factor
2: 1.86 (20.687 % variance) and factor 3: 1.219 (13.545 %
variance) (Table 2). The three factors contribute nearly 61 %
of the total variance of the variables included in the PCA. In
factor 1, four socioeconomic variables [occupation, education,
income (INR) and house structure] were strongly associated
with filariasis. However, factor 2 (mosquito avoidance and
filariasis awareness) and factor 3 (drainage and participation
in an MDA program) (Table 3) were moderately associated
with the occurrence of filariasis. Based on the percent rank
derived from these values, the socioeconomic status of house-
holds was classified into three groups, i.e., low, medium and
high, respectively. The socioeconomic status/index shows that
there was not much difference in disease prevalence among
those with low (1.7), medium (1.7) and high (1.3) socioeco-
nomic status. The disease prevalence among these socioeco-
nomic groups did not show any statistical significance (P=
0.613) (Table 4).

Socioeconomic risk factors for lymphatic filariasis

The socioeconomic factors and prevalence of filariasis were
analyzed by bivariate and multivariate logistic regression
analysis to determine the association between parasitic infec-
tions and the possible role of specific risk factors. In the bi-
variate analysis, being in the higher age group (≥26 years) was
found to be a significant risk factor for filariasis (OR: 2.4,
95 % CI: 1.5–3.9, P=0.001). Having an income (INR) of
rupees <1000 (OR: 2.3, 95 % CI: 1.0–5.1, P=0.040) or
1000–3000 (OR: 3, 95 % CI: 1.7–5.2, P=0.001) was reported
to be a significant risk factor for filariasis. Breeding habitats
such as cesspools (OR: 1.8, 95%CI: 1.1–3.1,P=0.025), open
drainage (OR: 2, 95 % CI: 1.1–3.7, P=0.020) and kutcha
drainage systems (OR: 3.9, 95 % CI: 2.5–6.1, P=0.001) were
also significant risk factors for filariasis. Similarly, not partic-
ipating in an MDA program was a risk factor for filariasis
(OR: 1.9, 95 % CI: 1.2–3.1, P=0.006) (Table 5).
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To understand the most specific conditions within
these socioeconomic factors, multivariate analysis
(AOR: adjusted odds ratio) can provide detailed insight
into specific conditions or factors that can influence the
higher occurrence of filariasis (Table 6). The likelihood
(AOR) of individuals who were≥26 years age old to
develop filariasis was 2.4 times higher than that of in-
dividuals ≤25 years old. People with incomes of INR
<1000 and 1000–3000 had a 4.2 (95 % CI: 1.5–11.8)
and 3.8 (95 % CI: 1.9–7.7) times higher risk of filaria-
sis infection, than the INR >3000 group respectively. In
addition, residents living near a kutcha drainage system
had a 3.5 times greater risk (95 % CI: 1.6–7.5) of
filariasis infection than those living near a pucca drain-
age system. These risk factors were found to be statis-
tically significant (Table 6).

Discussion

A national health policy statute of the Government of India
aimed to eliminate filariasis by 2015, according to the Nation-
al Vector-Borne Disease Control Program (NVBDCP). The
Goverment of India has shown that the population covered
by an MDA program improved from 73 % in 2004 to 83 %
in 2013. LF is reported to be mainly regulated by the type of
habitat, sanitation, socioeconomic conditions, and demo-
graphic and eco-climatic factors (WHO 2000; Testi and Ivaldi
2009; Ottesen and Molyneux 2006; Ahorlu et al. 1999). Pre-
vious studies assessing the association of socioeconomic fac-
tors and LF were conducted on small populations (Molyneux
2003). Hence, to understand how various socioeconomic fac-
tors influence LF, a detailed study was undertaken in Chittoor
district of Andhra Pradesh, and, considering these factors, a

Table 1 Filaria prevalence,
socioeconomic status and
socioeconomic indexes for the
Chittoor district of Andhra
Pradesh, India, from 2004 to 2007

Variables Categories Survey samples
(%) (n=5133)

Microfilaria
parasite
prevalence (%)

χ2 P value

Age 1–5 4.0 1.3 28.528 <0.001
6–10 10.6 2.6

11–17 17.6 6.4

18–25 16.2 17.9

26–40 26.7 32.1

41–60 21.3 39.7

>61 4.0 0

Gender Male 49.0 52.6 0.403 0.525
Female 51.0 47.4

Occupation Agriculture 45.9 51.3 14.419 0.006
Laborers 34.0 16.7

Business and employees 14.2 20.5

Others 5.9 11.5

Education Undergraduate 84.9 75.6 5.299 0.021
Graduate 15.1 24.4

Income (INR/Rs) <1000 11.5 12.8 15.670 <0.001
1000–3000 46.6 66.7

>3000 41.9 20.5

House structure Hut 25.2 29.5 0.971 0.615
Tiled 38.5 38.5

RCC 36.3 32.1

Breeding habitats Cesspool 23.0 34.6 18.141 <0.001
Cesspit 16.6 3.8

Open drainage 13.0 21.8

No breeding habitats 47.4 39.7

Drainage system Kutcha 17.7 44.9 40.378 <0.001
Pucca 82.3 55.1

Mosquito avoidance Yes 20.1 35.9 12.336 <0.001
No 79.9 64.1

Participated in
MDA program

Yes 48.9 33.3 7.718 0.005
No 51.1 66.7

Filaria awareness Yes 23.6 38.5 9.683 0.002
No 76.4 61.5
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socioeconomic index was developed for application in the
monitoring of the LF load in endemic areas.

The study results reveal that Chittoor district is highly en-
demic for filariasis even after four rounds (till 2007) of MDA
programs. From 2004 to 2007, the MDA coverage in all dis-
tricts of Andhra Pradesh was 84.78 %, 84.33 %, 89.66 % and
89.13 %, respectively. Table 1 shows that MF prevalence was
higher among males (52.6 %) than females (47.4 %). The
higher number of infections in males may be due to more time
of exposure to bites, and they have a high probability of
attracting more mosquitoes because of the higher relative
body heat, more carbon dioxide output and greater surface
area (Murty et al. 2010). The males are mainly agricultural
workers or laborers, providing a higher chance of human-
mosquito contact. It was also observed that the MF rate in-
creased relatively with increasing age. The highest MF rate
was observed among those between 41 and 60 years old
(39.7 %) followed by the 26–40-year-old age group

(32.1 %). This study result is in agreement with our earlier
reports on the distribution of MF prevalence among different
age groups (Murty et al. 2010; Upadhyayula et al. 2012a). If
transmission is interrupted in these age groups by improving
socioeconomic conditions and involving them in MDA pro-
grams, the disease rate can be reduced substantially.

Income (INR) was found to be a significant risk factor for
the occurrence of MF (Table 6). The incidence of MF among
the various income groups suggests that most of the respon-
dents were from the INR 1000-3000 group (66.7 %) followed
by the INR >3000 group (20.5 %), whereas there were fewer
respondents (12.8 %) from the low-income group (INR
<1000). Many studies have shown that low-income groups/
communities have increased risks of various infectious

Fig. 2 Scree plot of the principal
component analysis (PCA)

Table 2 Eigenvalues for principal component analysis (PCA)

Component Eigen values % of Variance Cumulative %

Factor 1 2.402 26.686 26.686

Factor 2 1.862 20.687 47.373

Factor 3 1.219 13.545 60.918

Factor 4 0.985 10.940 71.859

Factor 5 0.760 8.445 80.304

Factor 6 0.714 7.937 88.241

Factor 7 0.508 5.645 93.886

Factor 8 0.328 3.646 97.533

Factor 9 0.222 2.467 100.000

Table 3 Rotated component matrix of socioeconomic variables
analyzed using PCA

Rotated component matrix

Principal components

1 2 3

Occupation 0.833 0.198 −0.089
Education 0.756 0.215 −0.065
Income 0.648 −0.318 −0.202
House structure 0.566 0.000 0.317

Breeding habits 0.265 −0.484 0.134

Drainage 0.391 −0.497 0.634

Mosquito avoidance 0.218 0.803 0.000

Filariasis awareness 0.212 0.702 0.097

Participated in an MDA program −0.252 0.109 0.835
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Table 4 Microfilaria prevalence according to socioeconomic indexes for the Chittoor district of Andhra Pradesh, India

Variables Categories Survey samples (%) (n=5133) Microfilaria parasite prevalence (%) χ2 P value

Socioeconomic index Low 98.4 1.7 0.979 0.613
Medium 98.4 1.7

High 98.7 1.3

Table 5 Bivariate analysis of socioeconomic factors and disease
prevalence in the Chittoor district of Andhra Pradesh, India

Socioeconomic variables (n=5133) OR 95 % CI P value

Age

≤25 Reference Reference

≥26 2.383 1.451, 3.914 0.001

Gender

Male 1.156 0.739, 1.809 0.526

Female Reference Reference

Occupation

Agriculture 0.769 0.428, 1.381 0.379

Laborer 0.335 0.160, 0.699 0.004

Others 1.369 0.598, 3.133 0.457

Business and employees Reference Reference

Education

Undergraduates 0.546 0.324, 0.921 0.023

Graduate Reference Reference

Income

<1000 2.303 1.039, 5.101 0.040

1000–3000 2.971 1.691, 5.218 0.000

>3000 Reference Reference

House structure

Hut 1.331 0.752, 2.356 0.326

Tiled 1.135 0.665, 1.936 0.643

RCC Reference Reference

Breeding habitats

Cesspit 0.273 0.083, 0.897 0.032

Cesspool 1.813 1.077, 3.051 0.025

Open drainage 2.030 1.116, 3.690 0.020

No breeding habitats Reference Reference

Drainage system

Kutcha 3.910 2.488, 6.145 0.000

Pucca Reference Reference

Mosquito avoidance

Yes Reference Reference

No 0.442 0.277, 0.706 0.001

Participated in an MDA program

Yes Reference Reference

No 1.935 1.205, 3.109 0.006

Filariasis awareness

Yes Reference

No 0.488 0.308, 0.774 0.002

Abbreviations: OR odds ratio, CI confidence interval

Table 6 Multivariate analysis of socioeconomic factors and disease
prevalence in the Chittoor district of Andhra Pradesh, India

Socioeconomic variables (n=5133) OR 95 % CI P value

Age

≤25 Reference Reference

≥26 2.425 1.466, 4.011 0.001

Gender

Female Reference Reference

Male 1.156 0.739, 1.809 0.526

Occupation

Agriculture 0.595 0.209, 1.689 0.329

Laborers 0.204 0.060, 0.693 0.011

Others 0.567 0.174, 1.847 0.346

Business and employees Reference Reference

Education

Undergraduate 0.587 0.228, 1.512 0.270

Graduate Reference Reference

Income (INR/Rs)

<1000 4.166 1.476, 11.760 0.007

1000–3000 3.841 1.921, 7.681 <0.001

>3000 Reference Reference

House structure

Hut 1.014 0.500, 2.056 0.968

Tiled 1.594 0.898, 2.828 0.111

RCC Reference Reference

Breeding habitats

Cesspool 0.781 0.387, 1.574 0.489

Cesspit 0.206 0.060, 0.710 0.012

Open drainage 0.978 0.464, 2.061 0.953

No breeding habitats Reference Reference

Drainage system

Kutcha 3.491 1.627, 7.491 0.001

Pucca Reference Reference

Mosquito avoidance

Yes Reference Reference

No 1.406 0.689, 2.870 0.349

Participated in an MDA program

Yes Reference Reference

No 1.329 0.743, 2.375 0.337

Filariasis awareness

Yes Reference Reference

No 0.585 0.330, 1.039 0.067

Abbreviations: CI confidence interval, OR odds ratio
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diseases (Thrane et al. 2005; Azab et al. 2014; Aguiar-Santos
et al. 2013). The present study also suggests that more cases
were reported from the middle and lower income (INR)
groups. People who are infected with filariasis in low-
income households had less opportunity to obtain effective
treatment from distant clinics, coupled with their living and
working conditions, which made hygiene and compliance
with treatment regimes more difficult. They were also less
protected from social stigma (Perera et al. 2007).

In the study areas, more cases were observed among the
agricultural community, which may be due to the nature of
jobs in agricultural fields where there is a higher possibility of
proliferation of mosquitoes and high probability of human-
mosquito contact, which can lead to transmission of microfi-
laria (Erlanger et al. 2005). The housing structure is an impor-
tant variable that has a direct influence on the transmission
dynamics of vector-borne diseases (Webb 1985; Schofield
and White 1984). The present study showed that living in
house structures such as tiled houses and huts was a greater
risk factor for filariasis than living in an RCC house. Baruah
and Rai (2000) also observed that there is a high correlation
between the type of house structure and the density of
C. quinquefasciatus and transmission of filariasis in Varanasi,
India. Higher densities of indoor resting mosquitoes were
found in poorly constructed houses, leading to greater poten-
tial for filariasis transmission among the population.

Bancroftian filariasis is prevalent in both urban and rural
areas in India, and the parasite is mainly transmitted by
C. quinquefasciatus (Babu et al. 2009). This study showed that
there is a high association betweenMF prevalence and the type
of drainage system (P=0.001). More cases were observed
among respondents who live near a kutcha drainage system
compared to those near better drainage systems in the study
area (OR: 3.491, 95%CI: 1.627–7.491, P<0.001). In the study
areas, the drainage systems were sedimented with solid wastes;
the sewage disposal system has become transformed into rudi-
mentary cesspits and ditches. This drainage system condition
significantly favors the proliferation of C. qninquefaciatus,
which leads to transmission of the parasite. In addition, there
were several other mosquito -breeding habitats such as cess-
pools, cesspits and open drainage that have become ideal breed-
ing grounds for this vector to transmit MF.

To control the disease, the most important factor is the
practice of personal protection measures against mosquitoes,
which have a direct impact on the disease prevalence. In the
study villages, most of the population is not implementing
personal protection measures (79.9 %). Very few (20.1 %)
use mosquito avoidance methods such as bed nets, liquid va-
porizers, mosquitocidal coils, etc. These studies also sug-
gested that there is a significant association between not using
a mosquito net and the presence of microfilaremia (Bonfim et
al. 2009). Apart from this, it is estimated that many respon-
dents did not participate in a regular MDA program (51.1 %),

which might have influenced disease transmission in different
socioeconomic groups of respondents. A study in Orissa
found that 83 % of the population had received the drugs,
but only 49.5 % consumed them (Babu and Mishra 2008).
Similarly, in the present study, although 48.9 % participated
in MDA programs, we do not have a clear figure to estimate
how many people actually consumed the given drugs.

Considering the goal of elimination of filariasis as the pri-
mary objective, it would be better to understand the existing
relationship between the epidemiology of the disease and so-
cioeconomic status of the inhabitants living in the endemic
areas. Based on the multivariate analysis among the various
socioeconomic factors, variables such as gender, income
(INR), house structure, drainage system and mosquito avoid-
ance measures and non-participation in MDA programs are
risk factors for the occurrence of disease (Table 6).

Similarly, PCA analysis was used to determine the relation-
ship between socioeconomic inequality and the prevalence of
filariasis disease. The results showed that the same percentage
ofmicrofilaremia cases were observed among the low (1.7%),
medium (1.7 %) and high (1.3 %) income groups, respective-
ly. Although various socioeconomic parameters regulate the
possible occurrence of MF, from this study it was inferred that
all of the socioeconomic factors play a major role among the
various strata of respondents, which may be because the study
area was categorized as endemic for LF. This index will help
health officials to pinpoint the exact socioeconomic popula-
tion for controlling lymphatic filariasis. Apart from this, by
increasing the awareness of disease transmission and vector
management in targeted socioeconomic groups, effective con-
trol can be achieved.

A study from Orissa showed that only 42 % of people had
knowledge about filariasis (Rath et al. 2006). Most of lower
income (INR) people do not know that filariasis is transmitted
by mosquitoes (Babu and Kar 2004). It is well known that
filariasis disease is caused by poverty, and it perpetuates the
poverty cycle. It is evident that filariasis is closely associated
with the economic situation and infrastructure of endemic
communities (Haddix and Kestler 2000). This study also
showed that most of the population (76.4 %) was unaware
of filariasis and its chronic manifestations. These results may
be used in the development of community-based health edu-
cation campaigns and disease awareness programs and en-
courage the respondents to participate in MDA programs.
Implementing protective measures against mosquito bites
and improving the socioeconomic situation will help reduce
the intensity of lymphatic filariasis.
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