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Background & objectives: Soil-transmitted helminths (STH) are a major public health problem in
tropical and sub-tropical countries, affecting the physical growth and cognitive development in school-
age children. This study was aimed to assess the prevalence and risk factors of STH infection among
school children aged 6 -14 yr in Vellore and Thiruvanamalai districts in south India.

Methods: Children aged 6-14 yr, going to government and government aided schools (n=33, randomly
selected) in Vellore and Thiruvanamalai districts were screened to estimate the prevalence of STH, and
a case control study was done on a subset to assess the risk factors for the infection.

Results: The prevalence of STH was 7.8 per cent, varying widely in schools from 0 to 20.4 per cent, in
3706 screened children. Hookworm (8.4%) rates were high in rural areas, while Ascaris (3.3%) and
Trichuris (2.2%) were more prevalent among urban children. Consumption of deworming tablets
(OR=0.25, P<0.01) offered protection, while residing in a field hut (OR=6.73, P=0.02) and unhygienic
practices like open air defaecation (OR=5.37, P<0.01), keeping untrimmed nails (OR=2.53, P=0.01) or
eating food fallen on the ground (OR=2.52, P=0.01) were important risk factors for STH infection.

Interpretation & conclusions: Our study indicated that school children with specific risk factors in the
studied area were vulnerable subpopulation with elevated risk of STH infection. Identifying risk factors
and dynamics of transmission in vulnerable groups can help to plan for effective prevention strategies.
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The soil-transmitted helminths (STH) i.e. Ascaris
lumbricoides, hookworms (Ancylostoma duodenale
and Necator americanus) and Trichuris trichiura
are among the most common gastrointestinal worm
infestations in humans in both tropical and subtropical
countries. The World Health Organization (WHO)
estimates that more than two billion of the world’s

76

population is infected with STH'. A number of studies
have suggested that even a moderate intensity of
infection may result in delayed physical growth and
impaired cognitive development, particularly among
children of school-going age**, and STH infections are
considered a leading cause of sickness, absenteeism and
disability adjusted life years (DALYs) lost*. In India,
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the reported prevalence of STH ranges from 12.5-66
per cent, with varying prevalence rates for individual
parasites®” . The risk of acquiring STH infection and
higher prevalence cannot be attributed to just one
factor, but is due to the coexistence and amalgamation
of wvarious biological, social, behavioural and
environmental factors like poverty, substandard living
conditions and lack of personal hygiene, both at the
individual and the community level. Studies in other
tropical countries have postulated that the environment
and behaviour of local residents influence the rates of
infection®’.

In 2001, the World Health Assembly passed a
resolution urging the Member States to control the
morbidity of STH infections through large-scale use
of anthelminthic drugs for school-aged children in
less developed countries'®. The wide spread use of
anthelminthics has shown remarkable reduction in the
burden of STH in south India'!. However, there is a risk
of developing drug resistance as a result of frequent
treatment with anthelminthics, as there is evidence
of widespread drug resistance in the nematodes of
livestock who undergo cycles of treatment'. Although
periodic treatment with anthelminthics for the control
of intestinal parasitic infection is highly effective and
inexpensive, careful study of epidemiology of STHs is
needed before making large scale periodic treatment
schedules!'?. This study was undertaken to understand
the current epidemiological pattern of STH and to
assess the risk factors associated with STH infection in
school children in southern India.

Material & Methods

Study area and population: The study was conducted in
the rural areas of Kaniyambadi block and urban town
area of Vellore, and Polur block of Thiruvanamalai, two
adjacent districts of Tamil Nadu in south India. Vellore
district covers atotal of 6077 km? area, with a population
of 3,477,317 whereas Thiruvanamalai district covers a
total of 6191 km? area with a population of 2,186,125.
Approximately, 17.1 per cent of the total population in
the two districts were school aged children'>.

Screening for STH: Assessment of the prevalence of
STH infection was undertaken as part of a partially
WHO funded multi-country evaluation of the
efficacy of albendazole in STH treatment'®. Between
December 2008 and August 2009, children aged 6-14
yr, studying in 33 randomly selected government and
government aided schools (15 from Vellore and 18
from Thiruvanamalai) were screened for the presence
of STH in their stool samples. The schools which

were located under the jurisdiction of a Municipal
Corporation were considered urban and those under a
Gram panchayat were considered rural. Each school
catered to a unique geographic location of one village/
area. Permission for the survey was obtained from
the educational authorities of the two districts and
the school administration, following which health
education about STHs, transmission, ill effects and
prevention was given to all the children studying in the
participating schools. After the educational programme,
a participant information sheet and an informed consent
form in Tamil were provided to all eligible children. A
child was enrolled into the study only after at least one
parent provided written informed consent. The study
protocol was approved by the Institutional Review
Board of Christian Medical College (CMC), Vellore.

All enrolled children were provided with a screw-
capped plastic container to collect their stool sample.
The following day, a field worker visited the child’s
home to collect the container. All stool samples were
transferred to the laboratory at the Christian Medical
College, Vellore, within 4 h of collection.

Laboratory procedure: Saline and iodine wet
preparations were examined for the presence of
nematode ova. All positive stool samples were re-
examined by the McMaster egg counting technique to
quantify the number of eggs per gram of stool'.

Case-control study: Risk factors for STH infection were
assessed in a sub-sample of 180 children. Any child
with an egg count of >150 eggs per gram faeces (EPG)
was considered a case, while controls were children
with no helminthic eggs in their stool. As this study was
the part of a multi-country evaluation of the efficacy
of albendazole in STH treatment, the cut-off of >150
EPG was fixed as recommended in the anthelminthic
resistance guidelines of World Association for
Advancement of Veterinary Parasitology'®. A total
of 90 cases were randomly selected from the list of
children who fulfilled the case status and 90 controls
were randomly selected after matching for the district
and residence in rural/urban area. Parents/guardians
of these children were interviewed using structured
questionnaires developed for the study and piloted
before use after obtaining consent.

Statistical analysis: Data were entered in Epi-Info 2002
(CDC, Atlanta, GA) and analyzed using STATA 10.0
(STATA Corp. TX, USA) software. The overall and
individual prevalence rates (PR) were calculated and
compared between districts and rural and urban areas
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using % tests. Co-linearity between exposure variables
was assessed using y’ tests. Confidence intervals
(95% CI) were calculated using the Taylor linearized
method!’, which takes into account of potential effect
of clustering due to the nature of sampling scheme.
Logistic regression analysis was performed to assess
the risk factors for acquisition of STH infection.
At first, the effect of each exposure variable on
the outcome was assessed using univariate logistic
regression analysis. The variables significant at P=0.20
level were then considered for the multivariate analysis
using a backward step-wise model. Both univariate
and multivariate analyses were done for STH infection
among cases and controls (n=180). Variables with
P<0.05 were considered significant and were retained
in the final model. The population attributable fraction
(PAF) along with 95% CI was calculated using the
maximum likelihood estimation method'®. The PAF
shows the burden of infection that can be prevented by
removal or modification of the risk factor.

Results

A total of 3706 children from the 33 schools were
screened, of whom 290 (PR, 95% CI: 7.8%, 5.3-10.4%)
children had STH infection. Two hundred and thirty
three children were positive for hookworm (PR, 95%
CI: 6.3%, 3.5-9%), whereas 45 children were positive
for A. lumbricoides (PR, 95% CI: 1.2%, 0.3-2.1%)
and 30 for 7. trichiura (PR, 95% CI: 0.8%, 0.1-1.5%),
respectively. There was no significant difference in
the overall prevalence rates of STH; however, the
prevalence rates of the individual parasites between
Vellore and Thiruvanamalai districts were significantly
different (Table I). The prevalence (95% CI) of STH
in rural areas was 9 per cent (5.9-12.1%), whereas in
the urban areas it was 4.8 per cent (1.6-8.0%); this
difference was not significant. Prevalence of individual
helminths differed significant between rural and urban
areas. Hookworm infestations were more prevalent
among rural children, whereas A. lumbricoides and T.
trichiura were more prevalent among urban children
(Table II). Also, there was a wide variation in the
prevalence of STH across various schools ranging
from 0-20.4 per cent, suggestive of a strong cluster
effect (Fig.).

Of the 166 children who had faecal egg counts of
>150EPG, 90 (54.2%) were selected as cases. Similarly,
90 (2.6%) of 3416 children without any helminthic ova
in their stool were selected as controls. The commonest
helminth identified from cases were hookworms (n=67,

37.2%), followed by A. lumbricoides (n=18, 10.0%)
and 7. trichiura (n=16, 8.9%). The mean (SD) age of
cases and controls was 11.7 (2.5) and 11.2 (2.2) years,
respectively. There were more males in the cases (63.3
versus 52.2%), but this difference was not significant.

In the univariate analysis, poor living conditions,
i.e., a “kuccha” house (house with thatched roof) a
house with cow dung flooring or residing in a “field hut”
(thatched house surrounded by agricultural land, away
from village residential areas), and improper hygienic
and sanitary practices like habitually eating food that
has fallen on the ground or open air defaecation were
found to be significant risk factors. On the other hand,
consumption of deworming tablets was associated with
significant protection from the risk of acquiring STHs
(Table III). The consumption of deworming tablet was
ascertained by asking parents if the child had consumed
a deworming tablet in the previous six months.

Table I. Prevalence rates of total and individual soil-
transmitted helminths (STH) in Vellore and Thiruvanamalai
districts

Parasite Vellore Thiruvanamalai
(n=1291) (n=2415)
Prevalence Prevalence P
(95% CI) (95% CI)
STH 5.6(29-84) 9(54-12.6) 0.11
Hookworm 22(0-5) 8.4(4.9-12) 0.03
Ascaris 2.7(0.3-5.1) 0.4(0.1-0.7) <0.01
lumbricoides
Trichuris 1.8(0-3.6) 0.3 (0.07 -0.5) <0.01
trichiura

Table II. Prevalence rates of total and individual soil-
transmitted heminths (STH) in rural and urban area

Parasite Rural Urban
(n=2685) (n=1021)
Prevalence Prevalence P
(95% CI) (95% CI)
STH 9.0(59-12.1) 4.8(1.6-8) 0.06
Hookworm 8.4(5.3-11.5) 0.7 (0 -1.6) <0.001
Ascaris 0.4(0.1-0.7) 33(0.5-6.1) <0.001
lumbricoides
Trichuris 0.3(0.06-0.5) 22(0-4.5) <0.01

trichiura




KATTULA et al: RISK FACTORS FOR STH INFECTION IN SOUTH INDIA

N
wn
I

20.4

Prevalence of STH(%)
=) vy 8

wn

123456 7 8 910111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Cluster (School) number

79

Fig. School specific prevalence rates of soil transmitted helminths (STH) across 33 schools in Vellore and Thiruvanamalai districts. Design

effect for STH = 8.08.

Table ITI. Unmatched univariate analysis for risk factors of STH

Variable Case n (%) Control n (%) OR (95% CI) P
Age>10yr 66 (73.3%) 61 (67.7%) 1.31 (0.65 - 2.62) 0.21
Gender (Male) 57 (63.3%) 47 (52.2%) 1.58 (0.83 - 3) 0.08
Father’s education (illiterate) 23 (26.4%) 11 (12.7%) 2.53(0.90 - 7.26) 0.02
Mother’s education (illiterate) 31(34.4%) 27 (30.7%) 1.53 (0.50 - 4.72) 0.59
Father’s occupation (unemployed) 2 (2.2%) 1(1.1%) 2(0.14 - 56.84) 0.56
Working mother 70 (77.7%) 63 (70.0%) 1.28 (0.61 - 2.69) 0.45
Type of house (Hut/Kutcha) 64 (71.1%) 47 (52.2%) 2.25(1.16 - 4.37) <0.01
Location of house (field hut) 18 (20%) 6 (6.6%) 3.50 (1.30 - 9.40) 0.01
More than 2 rooms in house 12 (13.3%) 20 (22.2%) 0.54 (0.23 - 1.26) 0.11
Absence of toilet 85 (94.4%) 66 (73.3%) 6.18 (2.09 - 19.61) <0.01
Defecation in open fields /drain/roadside 86 (95.5%) 70 (77.7%) 6.14 (1.86 - 22.35) <0.01
Use of footwear 76 (84.4%) 80 (88.8%) 0.68 (0.26 - 1.75) 0.38
Habitually eating food fallen on ground 65 (72.2%) 49 (54.4%) 2.17 (1.17 - 4.04) <0.01
Consumption of deworming tablet 17 (18.8%) 41 (45.5%) 0.28 (0.14 - 0.55) <0.01
Washing hands after defaecation 19 (21.1%) 28 (31.1%) 0.59 (0.30 - 1.16) 0.08
Child helping in agricultural work 29 (32.2%) 23 (25.5%) 1.38 (0.74 - 2.64) 0.20
Presence of untrimmed/long nails 51 (56.6%) 41 (45.5%) 1.56 (0.83 -2.94) 0.13
Less than 2 children at home 56 (62.2%) 62 (68.8%) 0.74 (0.38 - 1.44) 0.34
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In the multivariate analysis, residing in a field-hut,
open air defaecation, habitually eating food that has
fallen on the ground remained independent risk factors
for acquiring STH infection and consumption of
deworming tablets remained protective (Table IV). The
PAF for open air defaccation was highest at 55.55 per
cent (5.96-78.97%), followed by eating food fallen on
the ground 24.01 per cent (3.3-40.29%), the presence
of untrimmed nails 18.22 per cent (3.72-30.54%), and
residing in fields huts 9.78 per cent (4.43-14.83%).

Discussion

The epidemiology of STH in India is changing.
An earlier study from Vellore found 22.8 per cent of
all stool samples positive for hookworm and 0.8 per
cent positive for Ascaris'. Another study on children
aged 9-10 yr, conducted in the same region during
2000-2003, reported a prevalence of 60 per cent'.
Contrary to these findings, the prevalence estimated
from the current study was much lower at 7.8 per cent.
This could partially be attributed to a single-day mass
drug administration campaign introduced in specific
districts of Tamil Nadu from 2001 during which 100 mg
diethylcarbamazine and 400 mg albendazole were co-
administered to all residents of the district annually®.
Another reason for this could be an underestimation of
prevalence due to the use of a less sensitive screening
technique such as wet smear. This could be one of the
limitations of our study, although the previous higher
estimates from Vellore were based on similar laboratory
methods.

Data comparing STH in urban and rural settings
are very few, and those that exist indicate a complicated
picture. In this study, a clear rural-urban difference in
the prevalence of STH was observed, with Ascaris
and Trichuris more prevalent among urban children
and hookworm more among rural children. It has been
suggested that A. [umbricoides and T. trichiura are

more prevalent in urban areas®', and that the higher
prevalence can be attributed to overcrowding, lack of
adequate water and improper sanitation?.

STH infection can occur in the entire community or
in a few individuals as clusters. In this study, differences
in the prevalence of STH across schools were noted,
suggesting a strong cluster effect. In an Ethiopian study,
it was hypothesized that the differences in prevalence
among different communities might be associated with
environmental sanitation, water supply, and the socio-
economic status of the households®. This phenomenon
of clustering can hamper attempts to control the
infection, as individuals with heavy infection are
likely to reintroduce it into the community. Although
mass drug administration is the cornerstone of disease
control programmes, additional measures like changes
in the behavioural, social, economic and environmental
factors are also required to bring about a reduction in
their prevalence®.

In this study, living in a field hut was found to be an
important risk factor for acquisition of STH infection,
with children residing in such huts six times more likely
to be infected than others. In rural south India, people
residing in huts in the fields, far away from the main
village are socio-economically deprived, and children
walk barefoot through “faecal fields” that surround
the village because open air defaecation is a common
practice®. In a study from Turkey, children living in
shanty areas had a higher risk of STH infection than
those living in towns®. Another study from Egypt
found that children living in villages near a river or
desert, considered to have low levels of services such
as sewage, garbage disposal and water supply, had a
higher risk of infection than town residents®. In the
present study, defaecating in open fields was found to
be a major risk factor for STH infection. From the PAF
value, one can expect 55.55 per cent reduction in the
acquisition of infection if this practice is abandoned. It

Table IV. Multivariate logistic regression analysis for significant risk factors of soil transmitted helminths (STH)

Variables Crude OR Multivariate OR P PAF (%)
(95%CI) (95% CI) (95% CI)

Defaecating in open field/road/drain 6.14 (1.86 - 22.35) 5.37(1.61-17.87) <0.01 55.55(5.96 - 78.97)

Presence of untrimmed nails 1.56 (0.83 -2.94) 2.53(1.24-5.14) 0.01 18.22 (3.72 - 30.54)

Habitually eating food fallen on ground 2.17(1.15-4) 2.52(1.22-5.21) 0.01 24.01 (3.3 -40.29)

Location of house (Field hut) 5.25(1.87 - 14.8) 6.37 (2.01 - 20.1) 0.02 9.78 (4.43 - 14.83)

Consuming de-worming tablet 0.27 (0.09 - 0.46) 0.25 (0.11 - 0.53) <0.01 -

PAF, Population attributable fraction
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has been observed that even if only a few individuals
in the household used a toilet, the contamination of
immediate environment and farmlands surrounding
the household was less intense than around households
without a functional toilet?.

It has been postulated that intestinal parasites
spread through poor hygienic practices, evidenced by
contaminated finger nails and unclean hands®’?. In
this study, children with long/untrimmed nails were
found to have a higher risk of STH infection. Also, it
was noted that children who habitually picked up and
ate food from the ground had a higher risk of STH
infection, again highlighting the importance of hygiene
in preventing infection. Treatment with anthelminthic
drugs reduces the transmissibility of the parasite by
reducing worm load and shedding of eggs®, with a
single dose of anthelminthics resulting in cure rates
of 88 per cent for A. lumbricoides and 78 per cent for
hookworm®. A study on the efficacy of a mass drug
administration programme from south India revealed
that periodically administering albendazole reduced
the STH burden by 77 per cent!!. In this study, children
reporting consuming deworming tablets had 75 per
cent protection against STH infection.

Identification of high risk pockets and locally
relevant risk factors could provide vital clues to the
transmission of a pathogen in the community, and
help formulate a more focused preventive approach.
Although, mass drug treatment with albendazole was
initiated in 2001 in Vellore district, our study identified
school children with specific risk factors as vulnerable
sub-populations with an elevated risk of STH infection.
Strategic planning and targeting the at-risk groups with
concerted health education and awareness campaigns
could go a long way in reducing the burden of STH in
such communities.
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