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Abstract

The strong bond between herder and livestock was forged centuries ago in rural Mongolia and remains an
element of national pride and a cornerstone to the economy. However, semi-nomadic herders frequently live at the
edge of human health care, veterinary services, and municipal infrastructure like water and sanitation. This study
examined zoonotic risk factors and disease perceptions among 150 rural herding households. Less than half of the
participating households used an improved drinking water source (43.3%), and the majority of herding families did
not use an improved sanitation service (68.5%). Almost half of the study population practise open defaecation
(49.7%). Hand washing occurs after animal contact (78%) but not after defaecation/urination (76.6%). Domestic
animal ownership and/or presence was reported at every household, and exposure risks varied by the gender of
the household member. Most households had knowledge about zoonotic disease transmission (74%) but far less
recognized the risk of reverse zoonoses, or human-to-animal disease transmission (53.3%). Few survey respondents
believed that animal contact is a risk factor for diarrhoeal disease (8.7%). This study highlights zoonotic disease
exposure risks from animal husbandry practices and inadequate water, sanitation, and hygiene access and
behaviours among rural herding households. Zoonotic disease prevention among Mongolian herders should be
implemented using a One Health framework to simultaneously address human, animal, and environmental health
concerns of rural herding households.
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Introduction
Throughout Mongolian history, pastoralism has
remained the epitome of the nation’s identity. In fact,
historical records suggest that the early domestication of
wild animals and the subsequent spread of livestock first
began in this country more than 10,000 years ago
(Badarch and Zilinskas 2015; Zinsstag et al. 2016a). Agri-
culture, in particular herding, drives the Mongolian
economy and provides the biggest employment sector
for the working population (Odontsetseg et al. 2007;

Altangerel et al. 2011; Ruhlmann 2018; Sack et al. 2018;
National Statistical Office of Mongolia 2019). Approxi-
mately 26% of the country’s residents are herders
(Boldbaatar et al. 2017). Herds commonly consist of
sheep, goats, cattle, horses, camels, yaks, and/or reindeer,
depending on the region of the country. Livestock gener-
ate items such as meat and milk products, leather and
hides, and wool, cashmere, and other fibres for house-
hold sustenance, barter, and sale (Honeychurch 2010;
Batzukh et al. 2012; Zinsstag et al. 2016b; Bayasgalan
et al. 2018).
But the role of livestock within Mongolian herding

households expands beyond that of income or even food
production. The cultural significance associated with
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herding and animal husbandry in Mongolia, coupled
with the unique opportunities for close contact due to
the isolation of households, the extreme climate and
landscape, and the reliance upon animal products for
daily dietary needs, may contribute to an increase in
exposure risks for zoonoses (Foggin et al. 2000). Animal
husbandry has been associated with human infections of
diarrhoeal agents such as Cryptosporidium spp., Giardia
intestinalis, Campylobacter, Salmonella, and Escherichia
coli (Hong et al. 2014; Zambrano et al. 2014). Nomadic
herding livestock commonly suffer from co-infections of
protozoa, other enteric and ectoparasites, and viral
vector-borne disease (Zinsstag et al. 2016c). When
animals are sick, they present a health hazard not only
to humans but also to their means of revenue (McFad-
den et al. 2016).
As with other pastoral communities, the herding

households of rural Mongolia are semi-nomadic and set
up in seasonal camps traversing large swaths of shared
steppe and desert pasture (Bedunah and Schmidt 2004).
Herds intermingle as they free-range across the steppe
and desert and frequently come in contact with wildlife,
which may contribute to an increase in livestock zoo-
notic disease rates (Bedunah and Schmidt 2004; Odont-
setseg et al. 2007, 2009; Zinsstag et al. 2016c). Most
families live in gers, which are collapsible, round felt
tents resembling the western notion of a yurt (Ahearn
2018b). Intensive herding practices over the last several
decades coupled with climate change drivers has led to
desertification, land degradation, and an increase in
natural disasters such as drought, windstorms, heavy
snowfall as well as extreme temperature fluctuations
(Batzukh et al. 2012; Bedunah and Schmidt 2004;
Reid et al. 2014). The increasing necessity of moving
livestock to better grazing pastures and water sources
throughout the seasons and across larger areas means
that herding households of Mongolia are often located
far from city centres and other development infrastruc-
ture such as running water, municipal power grids,
sewage systems, supermarkets, schools, veterinarians and
health care facilities (Bold 1996; Benwell 2006; Mocellin
and Foggin 2008; Schelling et al. 2016; Sack et al. 2018).
The hardships faced by herders has led to a slow and
steady rural-to-urban migration of youth in search of
more opportunities in education, training, and employ-
ment (Batzukh et al. 2012).
The urban-rural divide of Mongolian households illus-

trates a sharp contrast in access to resources, service
availability, and health outcomes (National Statistical
Office of Mongolia 2015). A lack of roads and reliable
transportation options for household members to reach
their district (soum) or even sub-district (bagh) centres
within rural provinces (aimags) affects the ability to
acquire necessary supplies or assistance. This is

especially true during times of the year that require
significant hands-on animal husbandry such as during
birthing, milking, and shearing seasons or when making
preparations for the winter, typically a time for culling
herds (Cooper and Gelezhamstin 1994; Bold 1996;
Foggin et al. 1997; Mocellin and Foggin 2008; Swiss
Agency for Development and Cooperation 2015). During
the winter, rural herders can be sequestered for upwards
of 6 months with heavy snowfall or extreme weather
events (dzuds) making travel dangerous. This, in
conjunction with poor mobile phone service, prevents
sufficient emergency response to disease outbreaks,
injuries, and illness in household members or their
animals (Mocellin and Foggin 2008; Ahearn 2018b).
A severe decline in the rural veterinary and human

health care system coordination during the past couple of
decades has resulted in more centralized veterinary estab-
lishments that are inaccessible to many pastoralists
(Odontsetseg et al. 2007; Mocellin and Foggin 2008; Ruhl-
mann 2018). The shifting political landscape also gave rise
to larger herd sizes and less livestock control, a breakdown
in disease surveillance and reporting, a surge in zoonotic
and endemic diseases, and cross-border outbreaks
(Bedunah and Schmidt 2004; Odontsetseg et al. 2005,
2007; Mocellin and Foggin 2008; Batzukh et al. 2012;
Tsend et al. 2014; Dugarova 2019). Many of the circulat-
ing zoonotic diseases in Mongolia and neighbouring coun-
tries have been classified as priority One Health concerns,
or challenges that present concurrent risks to humans,
animals, and the environment. Zoonotic diseases of One
Health importance in Mongolia include, but are not
limited to, anthrax, avian influenza, cysticercosis, brucel-
losis, trichinellosis, cryptosporidiosis, leptospirosis, dengue
fever, echinococcosis, glanders, hemorrhagic fever with
renal syndrome, bovine tuberculosis, campylobacteriosis,
Japanese encephalitis, listeriosis, malaria, plague, E. coli,
rabies, Crimean Congo hemorrhagic fever, tick-borne
encephalitis, salmonellosis, toxoplasmosis, Q fever, tular-
emia, and West Nile fever (Batzukh et al. 2012; McFadden
et al. 2016). These diseases may be spread by bites from
infected vectors such as ticks, fleas, and mosquitoes;
through contact with infected blood and tissue during
hunting, butchering, or slaughtering of animals or during
birthing and milking seasons; and most commonly by the
faecal-oral route via contaminated food, water, hands, and
objects. The need for One Health programming is
critical to address the multi-faceted risk factors
present in Mongolia (Batsukh et al. 2012; Zinsstag
et al. 2016b; Ruhlmann 2018).
Since pastoralist communities are often excluded from

large health surveys globally, it is difficult to truly assess
the current zoonotic disease burden among rural nomadic
humans, animals, and their environment (Schelling et al.
2016; Zinsstag et al. 2016c). Still, previous research has
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shown an increased prevalence of zoonotic disease among
herder families in Mongolia (Mocellin and Foggin 2008).
The aim of this study was to identify zoonotic disease
knowledge and practices among Mongolian herding
households and ascertain potential opportunities for One
Health interventions and disease prevention.

Study area
Mongolia is a landlocked country with the Russian Fed-
eration to the north and the People’s Republic of China
to the south. The change in geographical zones starting
from the north to the south starts with forest (taiga),
followed by forest-steppe, steppe (grassland pasture),
semi-desert, and desert (Odontsetseg et al. 2007, 2009).
Although it encompasses more than 1,500,000 km2,
Mongolia is the most sparsely populated country in the
world with just over three million people (Honeychurch
2010; World Bank 2019). In contrast, by the end of
2018, there were over 66 million livestock, predomin-
antly throughout the rural areas (National Statistical
Office of Mongolia 2019). Data from a 2013–2014
national household survey found that 78% of the rural
households reported owning domestic and/or pet
animals compared to 15% of the urban households
(National Statistical Office of Mongolia 2015).
Every province (aimag) is a host to many rural herding

households that practise large, labour-intensive animal
husbandry operations at the homesite. Each of the 21
aimags has a veterinary service with laboratory diagnos-
tics, typically located in the province’s capital city, and
10 of the aimags also house an outpost of the National
Center for Zoonotic Disease (Batsukh and Battsetseg

2014). Most residents (over 60%) live in urban areas,
with 41% living in the capital city of Ulaanbaatar as of
2014 (National Statistical Office of Mongolia 2015).
Water and sanitation infrastructure and service
utilization is split along the rural-urban divide with
approximately 59% of the rural households using an
improved drinking water source and 39% using an
improved sanitation service compared to 74% and 69%,
respectively, of the urban households (National Statis-
tical Office of Mongolia 2015). Open defaecation is com-
mon in rural Mongolia, and a previous national survey
found a quarter of households engage in this practice
(National Statistical Office of Mongolia 2015).
Researchers have found unimproved sanitation service
utilization, including open defaecation, to be common in
peri-urban settings, too (Uddin et al. 2014). The country
has a World Bank ranking of lower middle income, and
the average life expectancy at birth in 2017 was 69 years
(World Bank 2019).

Methods
Study design
Within the framework of a larger study looking into the
prevalence of zoonotic enteric parasites, a cross-
sectional survey was administered to 150 herding house-
holds to evaluate zoonotic exposure risks, knowledge,
and attitudes. Using a convenience sampling strategy,
participating households were evenly divided across
three rural aimags including Selenge, Zavkhan, and
Dundgovi (Fig. 1). These provinces include steppe,
forest, grassland, and mountain landscapes. Primary live-
stock species within these provinces include sheep,

Fig. 1 Map of the rural Mongolian study provinces created by the authors using ArcGIS® ArcMap software by Esri (ESRI, CA, USA)
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goats, horses, cows, yaks, and camels. Poultry and swine
husbandry is uncommon in Mongolia (Odontsetseg
et al. 2005).
Soums within each province were first ranked by high-

est animal density to lowest animal density, according to
provincial governmental data. The number of total
soums differs by province. However, within the top 25%
of the highest animal density soums for each province,
one was selected at random. This resulted in the selec-
tion of the following soums: Tsagaannuur in Selenge
province, Tosontsengel in Zavkhan province, and Erde-
nedalai in Dundgovi province. Below the soum level,
smaller administrative units are known as baghs. The
number of total baghs differs by soum. However, using
the same animal density ranking of the baghs within
each selected soum, coupled with consultation with local
veterinarians on terrain difficulties and accessibility of
rural ger households, two bagh locations were chosen as
sampling sites within each soum. Household survey
collection was evenly divided between the two baghs
within each province with half occurring during the
spring/summer months of 2017 and the other half
during the fall of 2017. Twenty-five households were
selected for sampling in each bagh in accordance with
time and budget constraints.
Local guides and veterinarians assisted the field team

in transecting each bagh area to look for individual gers
or khot ails. Khot ail units may be created out of familial
ties between the ger households or form due to kinship
with members assisting one another with labour and
social support while remaining in charge of their own
herds and marketable goods (Bold 1996; Benwell 2006;
Mocellin and Foggin 2008). When a khot ail was found,
all ger households within were invited to participate.
Therefore, moving downward in administrative scale,
households were selected for participation by their
aimag, soum, bagh, and khot ail. At the ger, trained field
staff conducted a household survey in Mongolian lasting
approximately 20–30 min. Respondents were self-
identified as a head of the household with decision-
making abilities. The survey contained questions related
to household characteristics; water, sanitation, and
hygiene (WASH) behaviours; farm and animal
husbandry practices; and knowledge on zoonotic disease
and their perceived risks.

Statistical analysis
Using STATA® Statistical Software, version 15.1 (Stata-
corp 2018), and Microsoft® Excel, version 16.24 (Microsoft
2019), descriptive statistical tests were used to categorize
household demographics, WASH access and behaviours,
reported animal contact, the presence of zoonotic risk fac-
tors, knowledge and perceptions of zoonoses, and gender
roles associated with animal husbandry. Variables related

to improved versus unimproved drinking water and sani-
tation were categorized according to the Joint Monitoring
Programme for Water Supply, Sanitation and Hygiene
(JMP) (WHO/UNICEF 2019). Improved drinking water
sources tend to be safer by design or manufacture and
include piped water, boreholes or tubewells, protected
springs and dug wells, rainwater collected prior to envir-
onmental contamination, and packaged, bottled, or deliv-
ered water (WHO/UNICEF 2019). Unimproved water
categories include unprotected springs or dug wells and
drinking surface water directly (i.e. lake or river water)
that are at a higher risk of contamination. A discussion
with the WHO/UNICEF Joint Monitoring Programme
(JMP) and observational data from the field on the inabil-
ity of rural households to safely collect and store snow free
of environmental and livestock contamination meant that
melted snow was considered unimproved for this study
population (R. Johnston, personal communication, March
2, 2019). Improved sanitation systems prevent human
contact with excreta and typically include flushing or pour
toilets connected to a sewage system, septic tanks and pit
latrines, ventilated improved pit latrines, composting or
bio-toilets, and pit latrines with concrete slabs (WHO/
UNICEF 2019). Sanitation systems such as pit latrines
without slabs, hanging latrines, buckets or containers, and
open defaecation are all considered unimproved. Data
were assumed to be missing at random due to item nonre-
sponse (De Leeuw et al. 2003). Analyses were conducted
using only available data.

Results
Table 1 outlines the characteristics of the surveyed
households. The majority of participants reported that a
male was the head of the household (93%), although
most survey respondents were female (60%). The mean
age of the respondents was 41. Household size was
largely between 3 and 5 members (67.3%), and most had
no children under the age of five (64%). Almost all herd-
ing families were living in gers (98.5%), and all reported
home ownership (100%). Most households did not have
electricity (95.3%) but instead had a solar-powered
generator (95.3%). Manure, wood, and other biofuels
were the predominant source of heating fuel (90.1%).
Goods and assets ranged throughout the homes. How-
ever, every household had a bank account (100%), and
almost all respondents reported having a mobile phone
for the household (97.3%) and a television (80.7%). The
majority of households had a car or truck (58%) or a
motorcycle (68.7%) but did not have a refrigerator
(17.4%), radio (9.3%), or computer (1%).
Table 2 describes household water, sanitation, and

hygiene access and behaviours. Less than half of the
households surveyed used an improved drinking water
source (43.3%), such as an individual well, shared well,
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piped water to the property, or shared well access in the
soum centre. Twenty-eight percent of households used
an unimproved drinking water source. Treatment prior
to use was typically done by boiling the water (82%).
Most households did not have a designated hand wash-
ing area or sink (62.4%). Those that did have a hand
washing site often went outside to access the area
(66.1%). However, all households with hand washing
sites self-reported to have soap available at their location
at the time of the survey (100%). Households’ hand
washing behaviours fluctuated by event. The majority of
respondents reported washing their hands in the morn-
ing (93.3%) and after handling animals (78%). However,
hand washing before cooking, eating, and feeding
children was uncommon (38%, 35.3%, and 7.4% respect-
ively). In addition, most households do not wash hands
after defaecation and/or urination (76.6%).
Sanitation services for the herding families were largely

unimproved (68.5%) which included a pit latrine without a
slab (20.8%), a bucket or container (0.7%), and open defae-
cation (49.7%). The most common improved sanitation
service in the homes was to bury the waste in a hole
(31.5%). No study household used a flush/pour flush toilet.
Figure 2 provides several examples of the lack of water

and hygiene services in the rural households. Panel a
depicts a recently slaughtered sheep stored without
refrigeration or covering to prevent contamination.
Panel b depicts a household’s hygiene station near
livestock and animal waste. The third panel, c, demon-
strates a drinking water source shared between survey
households and their livestock.
Table 3 depicts animal contact and household zoonotic

risk factors. Herding households reported animal contact
(83.2%) and the use of animal manure and compost
(83.2%). The animal manure primarily served as a fuel for
fire at the home (99.2%). Observational data from the

Table 1 Respondent demographics and herding household
characteristics (n = 150)

Variable and response No. of respondents
n (%)

Province

Selenge 50 (33.3)

Dundgovi 50 (33.3)

Zavkhan 50 (33.3)

Respondent sex

Male 60 (40)

Female 90 (60)

Head of household (n = 132)

Male 123 (93.2)

Female 9 (6.8)

Age group of respondent

< 30 32 (21.3)

31–40 42 (28)

41–50 36 (24)

51–60 25 (16.7)

> 60 15 (10)

No. of people in the household

1–2 14 (9.3)

3–5 101 (67.3)

6–8 34 (22.7)

> 8 1 (0.7)

Household has children aged 5 years or younger

Yes 54 (36)

No 96 (64)

Housing type (n = 148)

Ger 146 (98.5)

House 2 (1.35)

Apartment 0 (0)

Home ownership (n = 149)

Yes 149 (100)

No 0 (0)

Electricity in the household (n = 149)

Yes 7 (4.7)

No 142 (95.3)

Solar-powered generator in the household (n = 149)

Yes 142 (95.3)

No 7 (4.7)

Household’s main source of heating fuel

Electricity 5 (3.3)

Propane 5 (3.3)

Manure/wood/other biofuels 135 (90.1)

Coal 5 (3.3)

No. of households with the following self-reported assets:

Table 1 Respondent demographics and herding household
characteristics (n = 150) (Continued)

Variable and response No. of respondents
n (%)

Refrigerator (n = 149) 26 (17.4)

Tractor (n = 149) 2 (1.3)

Animal-drawn cart (n = 149) 5 (3.4)

Car/truck 87 (58)

Motorcycle 103 (68.7)

Bicycle 2 (1.3)

Radio 14 (9.3)

Television 121 (80.7)

Computer 1 (1)

Mobile phone 146 (97.3)

Bank account 150 (100)
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researchers acknowledge that fires are central in the ger
both for warmth and for cooking meals. All homes
reported domestic animal ownership or presence. The
majority of homes had a dog(s) (88%), cattle (80.7%), a
horse(s) (87.3%), sheep (96%), and a goat(s) (95.3%). No
home had any chickens. Of the households that reported
dog ownership or presence, most self-reported that they
removed dog waste from around the homesite (80.2%).
Diarrhoeal disease in animals had occurred in 68.7% of

the households, and 34.7% of these households experi-
enced animal death due to the illness. However, only
41.8% of the households with diarrhoeal disease in ani-
mals notified a veterinarian about the illness. Animals
are allowed to enter approximately half of the homes,
often due to extreme cold weather or an illness/weak-
ness in a juvenile animal.
Figure 3 explains how animal contact and zoonotic

exposure risks differed by the gender roles of household
members. Males were largely in charge of slaughtering
(92.6%) and butchering (90.7%) animals at the home.
Females were primarily tasked with milking animals
(74.5%) and cooking the meat and milk products
(90.7%). However, many responsibilities were shared
across both sexes. Both male and female household
members were responsible for sick animals (56.7%),
herding the animals (80.5%), feeding the animals
(67.1%), and assisting with animal births (83.9%).
Table 4 describes household zoonotic knowledge and

risk perception. Knowledge about zoonotic disease trans-
mission (animal to human) was widely reported in the
households (74%). But a belief in reverse zoonotic
disease transmission (human to animal) was less under-
stood with half of the households (53.3%) stating they
did not think humans can give disease to animals and

Table 2 Mongolian herding household water, sanitation, and
hygiene access and behaviours (n = 150)

Variable and response No. of respondents
n (%)

Household’s primary source of drinking water

Improved 65 (43.3)

Individual well 2 (1.3)

Shared well 2 (1.3)

Piped water to household/property 21 (14)

Tanker truck 0 (0)

Rainwater 0 (0)

Bottled water 0 (0)

Shared well in soum centre 17 (11.3)

Unimproved 42 (28)

Melted snow 16 (10.7)

Lake, river, or stream 49 (32.7)

Other water sources not listed 43 (28.7)

Household water treatment prior to consumption

Boil water 123 (82)

Filter water 3 (2)

Drink water directly from source 24 (16)

Household has a sink/hand washing area (n = 149)

Yes 56 (37.6)

No 93 (62.4)

Location of hand washing site (n = 56)

Inside the home 19 (33.9)

Outside the home 37 (66.1)

Is there soap available at the hand washing site (n = 55)

Yes 55 (100)

No 0 (0)

Hand washing events

In the morning

Yes 140 (93.3)

No 10 (6.7)

Before cooking

Yes 57 (38)

No 93 (62)

Before eating

Yes 53 (35.3)

No 97 (64.7)

Before feeding children in household (n = 54)

Yes 4 (7.4)

No 50 (92.6)

After bathroom visit

Yes 35 (23.3)

No 115 (76.7)

After handling animals

Table 2 Mongolian herding household water, sanitation, and
hygiene access and behaviours (n = 150) (Continued)

Variable and response No. of respondents
n (%)

Yes 117 (78)

No 33 (22)

Sanitation service used by household (n = 149)

Improved 47 (31.5)

Flush/pour flush toilet 0 (0)

Pit latrine (with slab) 0 (0)

Composting bio-toilet 0 (0)

Bury in a hole 47 (31.5)

Unimproved 102 (68.5)

Pit latrine (no slab) 31 (20.8)

Bucket/container 1 (0.7)

Open defaecation 74 (49.7)

Other sanitation systems not listed 3 (2)
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many others stating they were unsure of this transmis-
sion risk (40%). Most respondents reported a belief that
animal contact can be hazardous to human health
(78.7%), yet the reason for the risk varied between bites
and scratches (36%), ectoparasites (58.7%), and diseases
found in the meat, tissues, and blood of animals (32%).
Only a small percentage of the households believed that
a human health risk from animal contact could be

diarrhoeal disease (8.7%) or that diseases in the animal
stool could be a threat to human health (12.7%). House-
hold recommendations for reducing the risk of zoonotic
disease threats to human health included vaccinations of
the animal and/or person (57.3%) and removing animal
waste (42.8%). Other advice offered by respondents
included wearing gloves and washing hands after animal
contact.

Fig. 2 Photographs of water and hygiene risks at rural herder sampling sites in Dundgovi province were taken by author Amber N. Barnes during field
work. A recently slaughtered sheep has been left to dry next to aaruul under a household storage building (a), household toothbrushes and
handwashing soap and water are stationed outside next to grazing livestock (b), and a drinking water well is being shared between several
households, livestock, and wildlife (c)
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Discussion
Within the study population, pastoralism and animal
herding was common. Across all provinces, the majority of
participating households lived in gers. While easy to trans-
port and set up in new locations conducive to herding, the

mobility of this housing structure also means that it is not
tied into municipal infrastructure or power grids and the
construction design is penetrable by synanthropic rodents
and other vectors as well as harsh weather conditions. Gers
are typically one building with a shared living, sleeping,
cooking, and dining space for multiple family members.
Due to the crowded living quarters, infectious diseases can
be easily transmitted person-to-person (Lofgren et al.
2007).
As most of the households did not have electricity, the

source of fuel for heating the home and for cooking
meals was predominantly manure from cattle (argal) or
other livestock, wood, or other biofuels. Collection and
drying of animal manure for household fuel is common
for rural Mongolian herding families (Swiss Agency for
Development and Cooperation 2015; Sack et al. 2018;
Ahearn 2018b). Animal waste is a known vehicle for
multiple zoonotic pathogens, and the extreme Mongo-
lian winter weather makes it hard to achieve the sus-
tained temperature periods necessary to inactivate
pathogens for safe handling (Zambrano et al. 2014; Sack
et al. 2018). For example, the average temperature from
November to February in the winter of 2009–2010 was
− 22.05 °C (− 7.69 °F) (Rao et al. 2015). To safely air-dry,
manure should be left with daily outdoor temperatures
at or above 0 °C (32 °F) for at least 3 months (Manyi-Loh
et al. 2016). Using animal manure for cooking that has
not been treated puts household members at risk for
faecal-oral transmission of zoonotic diseases (Luna et al.
2018). One way to mitigate this exposure threat would
be to wash hands prior to cooking and/or eating as well
as after defaecation and urination. However, hand
washing in the study households was not widely re-
ported for these key events, despite each being an
established method for the prevention of enteric dis-
ease (Prüss-Ustün et al. 2014). Hand washing was
customary in the morning and after animal contact,
the latter of which is an effective zoonotic disease
prevention strategy (Zambrano et al. 2014; Ecrumen
et al. 2017; Penakalapati et al. 2017).
Most households do not use an improved drinking

water source and instead rely on open streams, ponds,
and lakes in the environment and the collection and
melting of snow. In rural areas, these sources are shared
with livestock on the nearby pastures as well as wildlife
(Bedunah and Schmidt 2004; Karthe et al. 2017). A 2015
report on population and housing characteristics in
Mongolia found that 6.8% of the rural population used a
centralized water supply compared to 51% of the urban
population. The report also found that 89.9% of the rural
households bring their drinking water into the home
from outside sources compared to 44.5% of the urban
households (National Statistialc Office of Mongolia
2016). Runoff from animal and human waste can

Table 3 Animal contact and zoonotic risk factors reported in
Mongolian herding households (n = 150)

Variable and response No. of respondents
n (%)

Respondent reported animal contact (n = 143)

Yes 119 (83.2)

No 24 (16.8)

Household uses compost/animal manure (n = 133)

Yes 130 (97.7)

No 3 (2.3)

Purpose of compost/animal manure at household (n = 129)

Fuel for fire 128 (99.2)

Fertilizer for crops 1 (0.8)

For building materials 14 (10.9)

Domestic animals are owned or present at household

Yes 150 (100)

No 0 (0)

Type of animal(s) reported at household

Dog(s) 132 (88.0)

Cat(s) 15 (10.0)

Chicken(s) 0 (0)

Cattle 121 (80.7)

Horse(s) 131 (87.3)

Sheep 144 (96.0)

Goat(s) 143 (95.3)

Camel(s) 3 (2.0)

Other(s)—yak or hybrid 35 (23.3)

Animal waste cleanup in households with dog ownership (n = 132)

Yes 105 (80.2)

No 26 (19.8)

Household animals have had recent diarrhoeal disease

Yes 103 (68.7)

No 47 (31.3)

Households notified a veterinarian for animal diarrhoea (n = 98)

Yes 41 (41.8)

No 57 (58.2)

Households experienced animal death due to diarrhoea (n = 98)

Yes 34 (34.7)

No 64 (65.3)

Animals are allowed inside the home (n = 149)

Yes 73 (49.0)

No 76 (51.0)
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contaminate these water bodies, and industries such as
mining and climate change factors such as desertifica-
tion are reducing accessible water supplies (Hawkins and
Seager 2010; Barnes et al. 2017; Schelling et al. 2016;
Karthe et al. 2017). Consuming water from an unim-
proved source can expose a person to many types of in-
fectious agents and even toxic chemical contaminants
(Uddin et al. 2014; Prüss-Ustün et al. 2014; Schelling
et al. 2016). And while there is insufficient information
on overall Mongolian water quality and safety, particu-
larly among rural communities, previous research among
herding households found that almost 40% of those who
drank from unimproved water sources did not treat the
water prior to use (National Statistical Office of
Mongolia 2015; Karthe et al. 2017). Yet, a large portion
of the participants in this study reported boiling water
prior to use. Unless the water is boiled or treated prior
to use each time, stored drinking water can become con-
taminated at the homesite from domestic animals and
vectors, unclean hands and dipping utensils, and the
storage container itself (Prüss-Ustün et al. 2014; Uddin
et al. 2014; Ecrumen et al. 2017; Barnes et al. 2018).
Indiscriminate human and animal waste can be a

major health hazard in rural Mongolia. The households
in the current study were principally using unimproved
sanitation methods, with almost half practising open
defaecation. Previous census data in Mongolia reported
that only 7.5% of the rural households used a waste
management service agency and 66.7% did not have a
regular disposal point (National Statistical Office of
Mongolia 2016). Comparably, 85.7% of the urban

households in the national census had their waste man-
aged by a service agency and only 6.3% reported that
they did not have a regular place for waste disposal (Na-
tional Statistical Office of Mongolia 2016). Exposure to
human and animal waste in the environment can spread
disease and encourage vectors (Zambrano et al. 2014;
Penakalapati et al. 2017; Ecrumen et al. 2017). Routine
open defaecation and other unimproved sanitation, the
inability to wash hands, and the consumption of unim-
proved drinking water are the trifecta of public health
danger surrounding water, sanitation, and hygiene
(WASH) services (Prüss-Ustün et al. 2014). In Mongolia,
some of the biggest obstacles to better WASH practices
and utilization come from unhealthy practices and hy-
giene customs, negative cultural beliefs surrounding pro-
tective behaviours, and poorly designed and accessible
infrastructure (UNICEF 2019).
Other hygiene-associated concerns for zoonotic dis-

ease exposures among nomadic and pastoral communi-
ties involve cultural food preparation techniques and
dietary items (Tsend et al. 2014; Barnes et al. 2017). For
example, in Mongolia, milk and milk products are pro-
duced and consumed daily within herding households
such as milk tea, fermented mare’s milk (airag), and
dried milk curd (aaruul) (Foggin et al. 1997; Foggin
et al. 2000; Bamana 2015; Sack et al. 2018). The milking
of lactating animals is largely done in the spring/sum-
mer, corresponding to the birthing season (Addison and
Brown 2014). Nonetheless, home milking and milk con-
sumption remain contributing risk factors for Mongolia’s
high rates of Brucella (Foggin et al. 1997, 2000; Tsend

Fig. 3 Gender of the household member with reported responsibilities for animal care among herding families of rural Mongolia
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et al. 2014; Bamana 2015; Sack et al. 2018). Brucellosis
infection is endemic in Mongolia, and a 2011 national
screening of humans and animals found average sero-
positivity rates of 8% in herding households and 0.7% in
animals (Myagmar 2014; Bat-Erdene et al. 2019). Bru-
cella can also be transmitted through animal contact
with infectious tissue and abortion fluids and by eating
contaminated raw meat (Bat-Erdene et al. 2019).
Meat, another staple of traditional Mongolian cuisine,

comes from home-slaughtered animals within the rural
provinces and can be dried (borts) for long-term storage
and consumption throughout the year (Foggin et al.
1997). Direct contact with infected tissue and blood dur-
ing slaughter and butcher/dressing can expose herders
to zoonoses (Odontsetseg et al. 2005, 2007; Tsend et al.

2014; Barnes et al. 2017). In addition, during home
slaughtering, the offal from livestock is often fed to dogs,
which can then introduce zoonotic disease to an animal
with close proximity to the household and to household
members (Ito and Budke 2015; Barnes et al. 2017). Echi-
nococcosis is an endemic zoonotic enteric parasite in
Mongolia that is often spread through contact with an
infected dog who was contaminated through eating
viscera of infected livestock (Ito and Budke 2015;
McFadden et al. 2016; Barnes et al. 2017). Almost all
study households had at least one dog, and field re-
searchers observed many participating households feed-
ing canines the internal organs of livestock. Dogs are
also the primary source of human rabies infection in
Mongolia and are usually untethered and left to wander
(Odontsetseg et al. 2009).
Not only can the disposal of animal remains be an issue

for rural areas in the prevention of disease spread, but un-
covered food items attract flies, which can carry and trans-
mit zoonotic enteric parasites, as well as synanthropic
rodents that can harbour and spread disease (Odontsetseg
et al. 2007; Riehm et al. 2011; Penakalapati et al. 2017).
Furthermore, preparing food items with unsafe water or
on unclean surfaces can lead to water-borne and other en-
teric disease exposure (Karthe et al. 2017).
Gender roles exist within the pastoralist homes of rural

Mongolia but can become blurred when it comes to tak-
ing care of the joint herds (Cooper and Gelezhamstin
1994; Swiss Agency for Development and Cooperation
2015). The breakdown of animal care and husbandry re-
sponsibility among the study households mirrored that of
other research in rural Mongolia (Swiss Agency for Devel-
opment and Cooperation 2015; Ahearn 2018b). Women
were the lead person for milking the animals and for pre-
paring meals for the family. Men were the ones in charge
of slaughtering and butchering animals. However, studies
have shown that cooperation with herding is common
during times of high demand (Cooper and Gelezhamstin
1994; Swiss Agency for Development and Cooperation
2015; Ahearn 2018a). For this study, both genders worked
together when a sick animal needed care, to herd the ani-
mals, to feed the animals, and when an animal needed as-
sistance with a birth. Livestock birthing season in
Mongolia is a high-risk time for exposure to the endemic
zoonotic disease of Brucella but may also be helping to
spread leptospirosis (Odontsetseg et al. 2005; Bat-Erdene
et al. 2019). Leptospires have been associated with the re-
productive tract and tissues and abortion fluids of live-
stock and dogs across the globe, including Mongolia
(Odontsetseg et al. 2005; Pires et al. 2018). With each of
these behaviours, there is a risk for zoonotic disease trans-
mission. And because animal contact of some kind occurs
across all age groups of a herding household, each family
member has their own set of unique exposure risks

Table 4 Zoonotic knowledge and risk perception reported in
Mongolian herding households (n = 150)

Variable and response No. of respondents
n (%)

Respondent believes animals can give disease or illness to humans
(zoonotic disease transmission)

Yes 111 (74.0)

No 20 (13.3)

Unsure 19 (12.7)

Respondent believes humans can give disease or illness to animals
(reverse zoonotic disease transmission)

Yes 10 (6.7)

No 80 (53.3)

Unsure 60 (40.0)

Respondent believes contact with animals presents a human health risk

Yes 118 (78.7)

No 22 (14.7)

Unsure 10 (6.7)

Respondent believes that the human health risk comes from the
following:a

Bites and scratches 54 (36.0)

Diarrhoeal illness 13 (8.7)

Ticks, fleas, and mites 88 (58.7)

Diseases in the animal stool 19 (12.7)

Diseases in animal blood, meat, and tissues 48 (32.0)

Animals are unclean 32 (21.3)

Other reasons not listed 31 (20.7)

Respondent zoonotic risk reduction advicea

Avoid contact 7 (5.3)

Vaccination of animal and/or human 75 (57.3)

Picking up animal waste 56 (42.8)

Keeping animal outdoors 14 (10.7)

Other advice not listed 72 (56)
aRespondents could provide multiple answers for these survey questions
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(Tsend et al. 2014). Recognizing the target audience at the
household for the development of prevention methods
against specific zoonotic pathogens or exposure pathways
is critical to ensure that the most at-risk population is pur-
sued. For example, messages related to Brucella preven-
tion could be best focused on female herding household
members responsible for milking livestock while educa-
tion on safe slaughter and butchering techniques to pre-
vent echinococcosis may be aimed at male members.
In herding households, all members experience con-

tact with livestock, companion animals, and even wild-
life, which can lead to zoonotic and reverse zoonotic
disease transmission (Ebright et al. 2003; Odontsetseg
et al. 2005; Barnes et al. 2017; Sack et al. 2018). Harsh
climates, resource scarcity, and herd competition can
also promote malnutrition and lowered immune compe-
tence among animals, exposing them to infection, out-
breaks, and high mortality rates (Batsukh et al. 2012;
Ahearn 2018a). When young animals are ill or malnour-
ished, or at risk for predation or cold weather, they may
be brought inside the ger (Foggin et al. 2000). This was
also the case for the rural households in this study.
Recognizing household exposure threats can bring

about positive behaviour changes aimed at reducing zoo-
notic disease risk. A baseline knowledge about how zoo-
noses are spread from animal to animal, animal to human,
and in the case of reverse zoonoses, human to animal, is
necessary for developing interventions and risk reduction
strategies for household members (Odontsetseg et al.
2007). Although most rural herding households reported
that they believe animals can cause disease in humans, the
opposite direction of transmission was less understood.
And even though the overall knowledge on the existence
of zoonotic disease was high, beliefs and attitudes regard-
ing how animal contact could pose a specific hazard to
public health were lacking. Almost half of the respondents
correctly identified ectoparasites (i.e. ticks) as a potential
cause of zoonotic disease. Yet, less than 10% believed that
diarrhoeal disease in an animal could be harmful to hu-
man health and under 15% reported that animal stool
could present a health threat. This individual knowledge is
important as diarrhoeal disease is a recurrent problem in
Mongolia, especially during the summer months, and the
Ulaanbaatar National Center for Communicable Disease
has a hospital unit dedicated to diarrhoeal patients
(Ebright et al. 2003). Seasonal zoonotic enteric disease pat-
terns show peaks in spring and summer months that may
be associated with food-borne transmission, fly vector
density, livestock birthing times, and exposure to faecally
contaminated water in the environment (Lal et al. 2012).
Acknowledgement of the zoonotic potential of animal

waste is important within the study population as a large
majority of households described diarrhoeal illness
among their animals with several reporting subsequent

mortality. The faecal-oral spread of zoonotic disease is
prevalent in areas without access to safe WASH barriers
like clean water, hand washing with soap, and the proper
disposal of excrement (Ecrumen et al. 2017; Penakalapati
et al. 2017; Zambrano et al. 2014). When an outbreak of
zoonotic disease is potentially occurring, it is critical to
report the event to a local veterinarian or human health
care provider so that treatment or control procedures
can be administered to stop the spread of infection
(Zinsstag et al. 2016c; Barnes et al. 2017). However, less
than half of the participating herders notified their veter-
inarian of the diarrhoeal disease circulating among their
animals. Other studies have found that herders often do
not notify veterinarians when animal mortality occurs at
low levels or when animals are sick, instead preferring to
consume the animal and/or sell the skin or fibres
(Odontsetseg et al. 2007).
Previous research has demonstrated that effective pro-

gramming on media channels used by herders and the
public health messages conveyed by local veterinarians
were successful in educating how to prevent zoonotic
disease transmission and motivating positive behaviour
change in herding communities (Bayasgalan et al. 2018;
Bat-Erdene et al. 2019). With high literacy rates across
all groups, written campaigns and educational materials
on zoonoses could be combined with other media chan-
nels to appeal to herding families (National Statistical
Office of Mongolia 2015). Mobile phone accessibility
and usage was common within this study population.
This is reflected by other surveys in the region and
should be explored for reporting zoonotic outbreaks in
real time as well as sharing prevention and control strat-
egies with rural herders (Odontsetseg et al. 2007; National
Statistical Office of Mongolia 2015; Sack et al. 2018).
High-risk seasonal herding activities, like slaughtering

of animals before winter, could serve as key times to
spread preventative messages to target populations
(Odontsetseg et al. 2007). Setting up One Health aware-
ness and educational campaigns, or epidemiological and
veterinary trainings, before the spring work for birthing
begins (typically March and April) and before milking
season (July and August) may allow for more herder
participation (Swiss Agency for Development and
Cooperation 2015). Additionally, water supply, collec-
tion, and usage decisions in Mongolia do not fall under
the typical female gender role category like other pas-
toral and rural communities across the globe (Hawkins
and Seager 2010). Both males and females share at least
some decision-making abilities in regard to aspects of
household and livestock water usage; therefore,
WASH-related enteric zoonotic disease prevention
messages should target each gender (Hawkins and
Seager 2010; Swiss Agency for Development and
Cooperation 2015).
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This study had limitations. Data was self-reported and
may not accurately reflect the true risk factors for zoo-
noses in the participating households. Hand washing
was not observed for duration or use of proper methods
and therefore may not be adequately serving as a barrier
to disease in reporting households. In addition, many
rural households participate in multiple types of sanita-
tion services throughout the year, depending upon their
seasonal location. For example, although women in the
household may use open defaecation while living in the
ger during herding activities, she may use a flush toilet if
she moves her children into the soum centre during the
winter. This is also the case for drinking water sources.
For this study, the respondent reported their primary
drinking water source or sanitation service. Convenience
sampling did not take into consideration the population
differences in the aimags, soums, or baghs and instead
sampled equal numbers of households within each
stratum. Moreover, the convenience sampling of khot
ails may have skewed behaviours, attitudes, and disease
risk perceptions by families and social networks who
may share the same experiences, values, and beliefs. And
finally, although the household survey asked the par-
ticipant to provide advice on what people should do
in order to remain safe around animals, we did not
ask the households if they engage in each practice. It
could be that some of the risk factors we outlined in
this paper are mitigated by household practices such
as animal vaccinations, the use of gloves, or by wear-
ing masks.

Conclusions
Rural herding households are faced with many potential
zoonotic disease risks from their close contact with live-
stock, reliance upon animal by-products such as milk
and meat, harsh living environment, and lack of access-
ible water, sanitation, and hygiene services. For Mongo-
lian herders, the health of the land is interconnected to
the health of the animals and the rural families it sup-
ports. Effective disease prevention and control cam-
paigns will require a coordinated One Health effort to
adequately approach the complex challenges within
households. Public health messages should be tailored to
the audience based on their current knowledge and un-
derstanding of zoonotic and reverse zoonotic disease
threats, their ability to access information through ap-
propriate communication channels, and their gender
roles and household responsibilities surrounding animal
contact and care.
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