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Abstract. The high burden of soil-transmitted helminth infections has been studied in India; however, little data exist
on zoonotic helminths, and on animal-associated exposure to soil-transmitted helminths. Our study took place in the
Jawadhu Hills, which is a tribal region in Tamil Nadu, India. Using a One Health approach, we included animal and
environmental samples and human risk factors to answer questions about the associations among infected household
soil, domestic animals, and human risk factors. Helminth eggs were identified bymicroscopy in animal and soil samples,
and a survey about risk factorswas administered to the headof the household. Contact with animalswas reported in 71%
of households. High levels of helminth infections were found across domestic animal species, especially in goats,
chickens, anddogs.Helminth eggswere recorded in 44%of household soil (n=43/97) andseparately in 88%of soil near a
water source (n = 28/32). Animal contact was associated with 4.05 higher odds of having helminth eggs in the household
soil (P = 0.01), and also having awater source at the household was associated with a 0.33 lower odds of having helminth
eggs in the household soil (P = 0.04). Soil moisture was amediator of this association with a significant indirect effect (P <
0.001). The proportion mediated was 0.50. While our work does not examine transmission, these results support con-
sideration of animal-associated exposure to STH and potentially zoonotic helminths in future interventions to reduce
helminth burden. Our study provides support for further investigation of the effects of animals and animal fecal matter on
human health.

INTRODUCTION

A recent systematic review estimated that a quarter of the
population of South Asia was infected with soil-transmitted
helminths (STH).1 STH, comprised of Ascaris spp., Trichuris
spp., and hookworms (Ancylostoma spp. and Necator spp.),
are so-namedbecause of the importanceof contaminated soil
in their transmission cycle.2 These infections are linked to
water, sanitation, and hygienic (WaSH) practices, as well as
socioeconomic status.3 The WHO-recommended control
measure for STH is mass drug administration (MDA) to
preschool-aged and school-age children (PSACandSAC).4 In
India, the National Deworming Day (NDD), coordinated by the
Ministry of Health and Family Welfare, targets children aged 1
to 19 years with biannual MDA through anganwadi centers
andschools, andNDD is the largest dewormingprogram in the
world.5 Despite this highly successful program, which aimed
to deworm 240 million children and adolescents in 2019,
persistently high levels of STH infections are reported across
many areas of India, even in SAC.6,7

The burden to individuals and communities from morbidity
caused by STH has been extensively studied in India. Some
studies have described the epidemiology of zoonotic hel-
minths, primarily in dogs and pigs, but only a little data exist on
the risks to humans from exposure to helminths in animal
manure.8–14 However, the importance of these zoonotic hel-
minths to human health has been highlighted recently with the
detection of specific zoonotic helminths, e.g., the canine

hookworm Ancylostoma ceylanicum in Australia and Southeast
Asia and Ascaris suum, the roundworm of pigs, in Southeast
Asia.15–18 A recent paper called for a greater inclusion of animals in
WaSHmethodologies, suggesting the inclusion of “Animal” as the
“A” in WaSH, would bring more focus to animals and their con-
nection to water, sanitation, and hygiene.19 Exposure to animal
feces has beenproposed as an under-recognized threat to human
health,20 and there is insufficient research on the role of domestic
and wild animal feces in human disease.21,22

Targeted MDA appears unsuccessful at eliminating STH
infection.Recentmathematicalmodels,meta-analyses, andfield
trials suggest that high coverage of MDA delivered to all age
groups could interrupt transmission.23–26 The DeWorm3 study
is an international, ongoing series of cluster randomized trials
in three sites, evaluating the feasibility of community-wide
deworming to interrupt transmission of STH.23 However, there
are concerns that despite periodic community-wide MDA, po-
tential zoonotic sources of helminth infection may undermine its
efficacy by reinfection—either through direct contact or
environmental contamination.27 This study uses data collected
at the Jawadhu Hills sub-site of the DeWorm3 trial in India to
estimate the prevalence of both helminth infections in domestic
animals and helminth eggs in the environment. We use a “One
Health” framework, considering the interconnectedness of hu-
man, animal, and environmental health to identify risks for expo-
sure to helminth eggs.

METHODS

Study site. The Jawadhu Hills region, located in the Vellore
and Thiruvanamalai districts in Tamil Nadu, India, is one of two
Indian sub-sites for the Deworm3 trial.23 This hilly area has a
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population of approximately 60,000 people, mostly Malayali
tribals living in villages and hamlets that are not easily ac-
cessible by road.28 Most of the population subsists on
farming, and for parts of the year they work as migrant la-
borers in neighboring districts and states.6 Previous studies
in this region have revealed high STH infection rates of 39%.6

The study took place in a village of 104 households in which
an annual census is performed as part of theDeworm3 trial.23

This study was approved by the Christian Medical College
IRB as an amendment to DeWorm3 (no. 10392) and by Tufts
Health Science IRB (no. 13378). The head of the household
gave informed consent for the livestock and environmental
sampling, and the survey questionnaire.

FIELD METHODS

Survey. Every household in the village was eligible for in-
clusion in the survey, regardless of livestock ownership or
household make-up. A survey was administered by trained
field workers in Tamil to the head of the household to assess
risk factors for exposure to helminth eggs, regarding contact
with animal species, husbandry tasks, and high-risk behaviors
around domestic animals, including the handling of manure or
slaughtering of livestock. The survey was based on one pre-
viously used to record zoonotic risk factors.29 The head of the
household was self-identified and could be any gender. To
reduce survey burden on participants, information on addi-
tional WaSH practices such as latrine access and hand-
washing practices was extracted from the DeWorm3 annual
census survey administered 8 months prior.23 Consumption
of sick livestock was self-reported as part of a series of
questions that asked what was done with sick livestock and
whether the household would consume the animal, andwhich
species. Each household also reported their most-used water
source.
Sample collection. A single topsoil sample was collected

fromwithin 2meters of the front door of eachconsenting study
house using a 25-cm × 50-cm stencil. With permission from
village leaders, samples of soil were similarly collected from
fecal fields (three each, with one from the center and two
from access points) and one from within 2 meters of each
village water source (pumps or wells). Fecal samples were
collected from each domestic animal species owned by
every study household and were obtained fresh after the
animal was observed defecating. Feces was pooled from up
to ten animals per species per household during sample
collection (Figure 1). Samples were stored and transported
on ice for fewer than 12 hours before being processed in the
laboratory.

Microscopy and soil analysis. Pooled animal fecal sam-
ples were divided into three aliquots for microscopic exami-
nation, which was conducted on the same day. Three
comparative methods were used: two aliquots of 5 grams
each were used for the centrifugation and flotation methods,
and 1 gram was used for Kato-Katz method, using duplicate
slides.30–32 For all animal samples, a centrifugal flotation and
sedimentation method was used to identify helminth eggs,
according to standard operation procedures based on the
Tropical Council for Companion Animal Parasites.33 Environ-
mental soil sampleswere analyzedusingacentrifugal flotation
technique developed to standardize helminth egg collection
fromsoil.34 Soilmoisturewas recordedbyweighing out 30gof
soil and re-weighing after drying at 110�C for 12hours. ThepH
and soil type were recorded for each sample.
Statistical methodology. The analysis examined the vari-

able of exposure of contact with animals on the outcome of
having helminth eggs in the household soil. Soil moisture
was tested as a potential mediator, and WASH practices
and socioeconomic factors were controlled as potential
confounders.
The prevalence of helminths eggs in animal feces and in

household soil samples were calculated by species. Socio-
economic status was determined from the DeWorm3 census,
which ranks households according to quintiles based on
factor analysis of the censused Jawadhu Hills study pop-
ulation. SESquintileswere treated as a categorical variable, as
the relationship with the outcome was nonlinear. Household
soil exposure, the primary outcome, was defined as having at
least one helminth egg present in the household soil sample.
Distance to water source was measured as straight-line dis-
tance in meters, and it was transformed using natural log for
the regression analysis.
Descriptive statistics were calculated for characteristics of

households and their surrounding environments. Prevalence
estimates are presented with 95% binomial confidence in-
tervals (CIs), and continuous variables are summarized using
arithmetic means and SD. Further descriptive statistics were
calculated for risk behaviors, stratified according to age and
gender and then tested using χ2 tests. Univariable associa-
tions between contamination of the household environment
and risk factors (household, animal, and environmental) were
examined using logistic regression. Multivariable logistic re-
gression was performed to build a model to examine the re-
lationship of the principal exposure of interest of animal
contact, accounting for additional related risk factors asso-
ciated at the threshold of P < 0.10. The final model was
checked for collinearity using variance inflation factors, and
continuous variables were tested for assumptions of linearity.

FIGURE 1. Samples by type and location.
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Soil moisture was tested as a potential mediator on the effect
of animal contact on helminths in household soil using the
approach established by Imai et al. (2010).35 All statistics were
calculated using R Studio (v. 1.2.5042, R Core Team, Vienna,
Austria) and mediation was tested using the R package me-
diation (v. 4.5.0, Teppei Yamamoto).

RESULTS

Characteristics of study households and participants.
Of the 104 households enumerated in the study village, 100
consented to participate (Figure 1). Four households were
unavailable because of temporary migration. Of the 428
people across the 100 households, 218 were female and 210
were male; 52 (12.2%) were 5 years old or younger, and 14
(3.3%) were older than 64. The average household size was
4.3 residents, and 41% of households had children under the
age of 5. Also, 77%of households reported access to water in
their own yard/plot.
Households with domestic animals. A total of 71 house-

holds reported having contact with domestic animals. There
were six main species, with cattle being most common (n =
68), followed by dogs (n = 46), chickens (n = 37), goats (n = 35),
and pigs (n = 18). Fewer than three households each reported
owning doves, sheep, parrots, water buffalo, or rabbits. Re-
ported contact with domestic animals was similar for males
and females, although significantly more females worked with
chickens (P = 0.01, Table 1). Households participated in vari-
ous husbandry tasks, the most common being the use of
livestock for farm work or transportation (n = 23). Twelve
households collected eggs from chickens, nine households
milked their cows, and seventeen households reported
slaughtering their own livestock. Slaughter, general care of
livestock, care for sick/injured animals, and useof livestock for
transportation of farm work was more commonly done by
males,while handling ofmanurewasmore commonly done by
females (Table 1). Handlingmanurewasmost commonly done
by women older than 18 years old (> 60%).
Helminths in animals and soil locations. Animal fecal

samples were collected from domestic animals from 65 of the
71 households reported as having contact with animals

(Figure 1). Samples could not be collected from six house-
holds because of the nonavailability of the animals, primarily
because of recent deaths or slaughter. Samples were not
obtained from some families running shared herds, particu-
larly goats. Shared herds were marked with both house-
hold IDs.
Of all animal samples, 68% had helminth eggs (n = 90/132).

High egg levels (³ 70%) were recorded in goats, dogs, and
chickens (Table 2). The most common species in dogs were
hookworms (73%), with at least two dogs having mixed in-
fections by egg size. Every pooled sample from goats (100%)
had strongyle-type eggs, which cannot be speciated visually.
Chickens were primarily infected by a variety of avian tape-
worms (37%), Capillaria spp. (23%), and Heterakis sp. (17%).
Helminth infections were found in animals associated with
86% (n= 56) of sampled households. Of these, 47% (n= 62) of
samples had potentially zoonotic helminth eggs and 71% of
households (n = 46) had at least one animal shedding poten-
tially zoonotic eggs. (Only certain species of ruminant
strongyle-type eggs are zoonotic, so cattle and goat
strongyle-type eggs are labeled as only potentially zoonotic.)
Household soil was collected from 97 households

(Figure 1). Three households had stone or concrete in front of
their house, preventingcollection.Meanmoisture contentwas
1.3 g per 30 g of soil. Helminth eggs were found in 44% of
household soil samples (n = 43/97). All three species of STH
were found in the household soil, with Trichuris spp. (24.7%of
soil samples) being themost common, followed by hookworm
(17.5%), strongyle-type (10.3%), and Strongyloides spp.
(8.2%). One soil sample each contained Toxocara spp. and
Ascaris eggs. Greater than 75% of household soil samples
had rhabditiform larva (n = 73/97).
Soil was collected at three locations (two access locations

and midfield) within four different fecal fields (Figure 2). Mean
moisture content was 0.2 g per 30 g of soil. Of the 12 samples,
67% had helminth eggs (n = 8), and each field had at least one
positive soil sample. The most common helminth egg was
hookworm egg (41.7% of fecal soil samples), followed by
Trichuris spp. (25%), two samples with Strongyloides spp.,
and 1 sample with strongyle-type eggs. All twelve samples
had rhabditiform larva (100%). Water source soil (collected

TABLE 1
Contact with domestic animals and husbandry tasks by gender

Male (%) (n = 210) Female (%) (n = 218) P value

Species
Cattle 103 (49.0) 91 (41.7) 0.14
Goats 55 (26.0) 55 (26.2) 0.83
Pigs 17 (8.1) 26 (11.9) 0.20
Chickens 32 (15.2) 55 (25.2) 0.01
Dogs 64 (30.5) 75 (34.4) 0.41
None 63 (30.0) 71 (32.5) 0.60

Husbandry task
Milking 6 (2.9) 8 (3.7) 0.79
Collecting eggs 4 (1.9) 11 (5.1) 0.11
Slaughter 16 (7.6) 3 (1.4) 0.002
Caring for young 28 (13.3) 20 (9.2) 0.22
Caring for sick or injured 31 (14.8) 18 (8.3) 0.048
General care 106 (50.5) 74 (33.9) 0.006
Transportation or farm work 29 (13.8) 3 (1.4) < 0.001
Handling manure 41 (19.5) 93 (42.7) < 0.001
Companionship/play 27 (12.9) 25 (11.5) 0.77
None 73 (34.8) 86 (39.5) 0.32
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within 2 m of a water source, Figure 2) had the highest mean
moisture content of the soil locations sampled (2.1 g per 30 g
of soil). Of the 32 samples collected from 32 water sources,
87.5%hadhelminth eggs (n=28). Themost commonhelminth
egg was strongyle-type eggs (68.8% of water source soil
samples), followed by Trichuris spp. (43.8%), Strongyloides
spp. (21.9%), Toxocara spp. (9.3%), and two samples with
Ascaris spp. All three soil sample types could have multiple
egg types per a single sample. Greater than 90% of soil
samples taken near a water source had rhabditiform larva (n =
30/32). Of all soil locations sampled, semi-quantitative anal-
ysis of egg counts per gram of soil identified the highest levels
in water source soil.
Risk factors associated with exposure to contaminated

household soil.Most householdswere in the third quintile (n=
30) of socioeconomic status (SES), and 17 householdswere in
the poorest quintile (quintile 1). Households with and without
helminth eggs in household soil had similar percentages of
handwashing after touching manure and handling animal
manure (Table 3). Median distance traveled to water was 32.0
meters, with 75% of households walking less than 80 meters
(Figure 2B). Using a public water source was common in SES

quintile 1–4, occurring in 17.6% of quintile 1 (n = 3), 31.8% of
quintile 2 (n = 7), 26.7% of quintile 3 (n = 8), 20.0% of quintile 4
(n = 4), and 0.0% of quintile 5 (n = 0).
Univariable analysis by WaSH risk factors and animal con-

tact resulted in identification of four variables significantly
associated with the odds of helminth eggs in household soil:
contactwith domestic animals, consumption of sick livestock,
water source at the household, and soil water weight (Table 3).
Soil moisture had a linear association with contaminated
household soil. Contact with domestic animals, consumption
of sick livestock, and increased soil water weight were all
associated with an increased risk for helminth eggs in the
household soil. Having awater source at the household, e.g., a
pump, rather than going to a community pump or well, re-
duced the risk of helminth eggs in the household soil. In the
final model, contact with domestic animals (OR = 4.1, CI:
1.45–12.87) and consumption of sick livestock (OR = 2.4, CI:
0.96–6.13) were significantly positively associated. Water at
the household (OR = 0.33, CI: 0.11–0.92) was negatively as-
sociatedwith exposure to helminth eggs in the household soil.
All variance inflation factors were below 1.1; the collinearity
between the exposure variables was at an acceptable level.

TABLE 2
Helminth results from animal fecal samples by species

Animal species (n)
Households with
animal contact

Total of pooled samples with
helminth eggs (n, %)* Most common helminth species

Cattle (44) 68 22 (50.0) Strongyle-type (45%),Toxocara vitulorum
(20%)

Goats (21) 35 21 (100.0) Strongyle-type (100%), Trichuris spp.
(20%), Strongyloides spp. (19%)

Chickens (30) 37 21 (70.0) Avian tapeworms (37%), Capillaria spp.
(23%), Strongyle-type (17%)

Dogs (15) 46 13 (86.7) Hookworm (73%) (Ancylostoma caninum,
Ancylostoma ceylanicum), Toxocara
canis (13%)

Pigs (15) 18 8 (53.3) Ascaris suum (40%), Strongyle-type
(13%)

*Households shared livestock, primarily goats, and two households shared cattle.

FIGURE 2. (A) Map showing the entire extant of the study village. (B) Box inset showing relationship betweenhouseholds and reported household
water sources. This figure appears in color at www.ajtmh.org.
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Three species of sick livestock were reported as being eaten;
chickens weremost common (n = 29), then goats (n = 19), and
two households reported eating sick swine.
Mediation analysis for soil moisture. Soil moisture was

analyzed as a potential mediator for the effect of contact with
domestic animals with the outcome of helminth eggs in
household soil. The total effect of animal contact on helminth
eggs in the household soil was significant (P = 0.02), but the
direct effect—after taking into account the mediation effect of
soil moisture—was not significant (P = 0.2). Soil moisture was
a mediator with a significant indirect effect (P < 0.001); the
proportion mediated was 0.50 (CI: 0.087–1.97).

DISCUSSION

Our study uses a One Health framework to examine po-
tential risk factors for and exposure to environmental helminth
eggs, including potential zoonotic helminth eggs. Focusing
only on helminth infection in humans may miss key opportu-
nities to prevent infection and may overlook the role of the
environment and animals.
Contact with animals was reported by almost 70% of the

households in this study, with almost half of the households
owning dogs. Our study found that 73% of dogs shed hook-
worms, which is in line with other reports from India and
Southeast Asia, which range from 45–90%.8,9,36 In India and
Southeast Asia, the primary species of canine hookworm are
A. caninum and A. ceylanicum,8,9,36 though we did not spe-
ciate the canine hookworm in this study. Previous work in this
region had revealed a high hookworm infection rate in com-
munity members6; PCR of 119 samples from that cohort
identified 17% as A. caninum, a zoonotic hookworm from
dogs.27 Studies from South Africa have also identified
A. caninum eggs in human stool, and a juvenile female
A. caninum was recovered from a colonoscopy in South
Korea.27,37,38 A. ceylanicum, another canine zoonotic

hookworm, is known to cause patent infections in humans;
and more recent molecular studies have shown it to be more
prevalent than initially reported.9,17,18,39 The potential for re-
infection in humans following MDA by A. ceylanicum was
identified in Laos.39 This hookworm has also been found in
children in Tamil Nadu.16

Embryonated STH eggs in the soil become ingested either
through contamination of food or poor hygiene practices via
the fecal–oral route.40 The presence of helminth eggs in
household soil has been previously used to quantify human
exposure to helminth eggs. Soil helminths have been used as
the outcome measure to determine if a WaSH sanitation in-
tervention reduced potential exposure to helminth eggs in the
environment.41 Environmental prevalence of hookworm eggs
whenmeasured bymicroscopywas shown to bewithin 5%of
helminth egg prevalence in humans.27 Furthermore, house-
hold soil prevalence in that study was correlated to a higher
degreewith human infection rates thanwith canine rates.27 All
three species of STH were found in household soil, as well as
helminth eggs, suggestive of contamination with animal and
zoonotic helminths. The high level of Trichuris spp. implies
contamination with ruminant feces, as previous work recor-
ded a low level of human infections by Trichuris spp.6 Hook-
wormwas themost commonSTH in fecal field soil and second
most common in household soil, which reflects previous
studies identifying hookworm as the most common human
helminth in this area.27 Potentially zoonotic hookworm eggs
were also shed by greater than 70% of sampled dogs. This
rate suggests that household soil was reflective of both human
and domestic animal infections, suggesting a potential route
for the spread of zoonotic canine hookworms.
WaSH risk factors, such as use of open sourcewater, were

practiced by the majority of households and were not asso-
ciated with helminth eggs in the soil. While contact with do-
mestic animals has been reported as a known association
with helminth infections,42,43 our study also identified an

TABLE 3
Univariate and multivariable analysis of household characteristics for exposure to helminth eggs in household soil

Household characteristics
Households with
risk factor (n = 97)

Helminth eggs present
in soil (n = 43)

Univariate Multivariable*

OR (95% CI) P value OR (95% CI) P value

Contact with domestic animals (n, %) 70 (72.2) 37 (86.0) 3.92 (1.48–11.77) 0.01* 4.05 (1.45–12.87) 0.01*
Task: Handle manure (n, %) 68 (70.1) 31 (72.1) 1.19 (0.50–2.91) 0.70
Consumption of sick livestock (n,%) 32 (32.3) 19 (44.2) 2.50 (1.10–6.10) 0.04* 2.39 (0.96–6.13) 0.06
Handwashingafter touchingmanure (n,%) 91 (93.8) 41 (95.3) 1.64 (0.30–12.26) 0.57
Water on property (n, %) 75 (77.3) 29 (67.4) 0.36 (0.13–0.95) 0.04* 0.33 (0.11–0.92) 0.04*
Distance to water source in meters
(median, IQR)†

31.7 (53.0) 37.04 (75.3) 1.34 (0.90–2.05) 0.16

Children £ 5 years (n, %) 29 (29.9) 15 (34.9) 0.67 (0.29–1.52) 0.34
Use of open well, lake, or pond (n, %) 86 (88.7) 36 (83.7) 2.43 (0.68–9.86) 0.18
Socioeconomic status: Quintile 1 (low) 17 (17.5) 8 (18.6)
Quintile 2 22 (22.7) 10 (23.3) 0.93 (0.26–3.37) 0.92
Quintile 3 30 (30.9) 9 (20.9) 0.48 (0.14–1.65) 0.25
Quintile 4 20 (20.6) 12 (27.9) 1.69 (0.46–6.42) 0.43
Quintile 5 (high) 8 (8.2) 4 (9.3) 1.13 (0.20–6.28) 0.89
House-type (Kutcha: mud/thatch vs. all
others)

55 (56.7) 23 (53.5) 0.73 (0.32–1.65) 0.45

Number of domestic animal species in the
household (mean, SD)

1.3 (1.3) 1.4 (1.2) 1.13 (0.82–1.55) 0.45

Number of household members (mean,
SD)

4.4 (1.8) 4.2 (1.7) 0.92 (0.73–1.15) 0.47

Soil moisture content in grams (mean, SD) 1.16 (1.15) 1.63 (1.3) 2.07 (1.39–3.26) 0.001 †

* For variables that met the inclusion criteria of P < 0.1 in the final multivariable model, excluding soil moisture as a potential mediator.
†Distance to water source in meters was log transformed for the univariable analysis.
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association between consumption of sick livestock and
helminths. It is unknown if this is a risk factor inherent in the
activity of consuming ill livestock, or if it is a proxy for food
insecurity or other unmeasured factors, such as slaughter
practices; however, adding SES did not affect the signifi-
cance of the result. Consumption of sick livestock by
households has been reported in Southeast Asia.44

Water collection from a public source (away from the
household) was also identified as a risk factor for exposure to
helminth eggs and remained significant after accounting for
SES. More than 15% of households in SES quintile 1–4 col-
lected water from a public source. Distance to a water source,
however, was not significant (P = 0.16); though the median
distance traveled for households with helminth eggs in
household soil was longer. Water source soil had the highest
egg count of any soil type, and almost 90% of those samples
had helminth eggs. Water sources (both public and within the
household compounds) included pumps, and open and
closed wells. However, many of the pumps were observed to
have standingwater from runoff that animals used for drinking
or wallowing in, immediately adjacent to the pump. This ac-
tivity represents a potential source of contamination of
household soil, as people or animals may be tracking eggs
back from a water source. Water source soil was distinct from
household soil, because even when the water source was
within the household compound, the shortest distance be-
tween the water source and the front door was more than 4
meters.
Soil moisture has been previously associated with in-

creased presence of helminth eggs in soil.41 Field and labo-
ratory studies have found that increased humidity and soil
moisture increased egg development and survival of larva.45

In our risk factor analysis, soil moisture was considered a
potential mediator, rather than a confounder, because of
contact with soil moisture most likely occurring temporally
after the exposure variable of the household having contact
with animals. Soil moisture mediated half of the effect asso-
ciatedwith contact with domestic animals. The direct effect of
animal contact, after accounting for the mediator, was no
longer significant; but this result is potentially because of the
small sample size. As soil moisture is known to support hel-
minth egg development, drainage and keeping the soil in front
of the household dry may be an intervention to consider in
future studies in areas with domestic animals, especially
livestock.
In addition to concerns related to human health and envi-

ronmental contamination,many of these helminths also cause
morbidity and mortality in livestock and dogs, especially in
young animals.46 In our study, every pooled sample from
goats had helminth eggs, and villagers reported death of kids
(baby goats) with signs suggestive of helminth infections.
Goats are a significant source of meat and revenue for vil-
lagers. Zoonotic helminths can thus affect food security as
well as impact human and animal health.
An important strength of this study was the use of a One

Health framework to look at human risk factors alongside
animal health and environmental variables. All occupied
households in the village completed surveys. This strategy
allowed for a more complete picture to be formed about the
risks for human exposure to STHs.
There were some limitations inherit to the study designs.

Thiswas across-sectional study, soonly associations andnot

causative relationships can be recorded. We examined ex-
posure but not transmission. Human fecal samples could not
be included because of the need to preserve blinding within
the ongoing DeWorm3 trial. Human samples have been col-
lected and banked from this village for testing after conclusion
of the trial. Furthermore, as this was a small sample of a single
village, there are limits to generalizability, because agricultural
and cultural practices are likely different in different parts of
India. Other limits to generalizability are the wide range of
environmental andgeographic heterogeneity across India and
how this effects STHs. However, the methodology and the
survey used have potential to be employed across a variety of
settings. Sample size also likely limited significance for certain
risk factors, including husbandry tasks, such as home
slaughter of livestock. Molecular methods were not used to
identify the species of helminth egg identified by microscopy.
Finally, this study did not investigate seasonal effects. Live-
stock helminth infections tend to be at the lowest during the
dry season, when this study occurred.47 Canine hookworm,
conversely, has been found in Gujarat, India to be highest in
May, right before the monsoon season.48 This would suggest
that canine hookworm was at a high point and ruminant hel-
minths at a low point across seasonal cycles when this study
occurred.

CONCLUSIONS

This study used a One Health framework to examine the
association between contact with domestic animals and the
potential effects that animal fecal matter may have on human
health. High levels of helminth infections were found across
domestic animal species, especially in goats, chickens, and
dogs. Dogs are carriers of zoonotic hookworms, which are a
significant health concern and a potential target for in-
tervention at the household level. The three factors associated
with exposure to helminth eggs in household soil were contact
with animals, retrieving water away from the household, and
consumption of sick livestock. Soil moisturewas found to be a
mediator, accounting for 50% of the association between
contact with livestock and exposure to helminth eggs in
household soil. This study provides a foundation for further
investigation of the consequences of animals and animal fecal
matter on human health, as well as identifying potential ex-
posure routes for STH and zoonotic helminths.
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