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Abstract: The increasing global emergence of zoonoses warrants improved awareness of activities that pre-

dispose vulnerable communities to greater risk of disease. Zoonotic disease outbreaks regularly occur within

Myanmar and at its borders partly due to insufficient knowledge of behavioral risks, hindering participatory

surveillance and reporting. This study employed a behavioral surveillance strategy among high-risk populations

to understand the behavioral risks for zoonotic disease transmission in an effort to identify risk factors for

pathogen spillover. To explore behavioral mechanisms of spillover in Myanmar, we aimed to: (1) evaluate the

details around animal contact and types of interaction, (2) assess the association between self-reported unusual

symptoms (i.e., any illness or sickness that is not known or recognized in the community or diagnosed by

medical providers) and animal contact activities and (3) identify the potential risk factors including behavioral

practices of self-reported illness. Participants were enrolled at two community sites: Hpa-An and Hmawbi in

Southern Myanmar. A behavioral questionnaire was administered to understand participants’ animal expo-

sures, behaviors and self-reported illnesses. From these responses, associations between (1) animal contact

activities and self-reported unusual illnesses, and (2) potential risk factors and self-reported unusual illness

were tested. Contact with poultry seemed to be very frequent (91.1%) and many participants reported raising,

handling and having poultry in their houses as well as slaughtering or being scratched/bitten by them, followed

by contact with rodents (57.8%) and swine (17.9%). Compared to participants who did not have any unusual

symptoms, participants who had unusual symptoms in the past year were more likely to have sold dead animals

(OR = 13.6, 95% CI 6.8–27.2), slaughtered (OR = 2.4, 95% CI 1.7–3.3), raised (OR = 3.4, 95% CI 2.3–5.0) or

handled animals (OR = 2.1, 95% CI 1.2–3.6), and had eaten sick (OR = 4.4, 95% CI 3.0–6.4) and/or dead
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animals (OR = 6.0, 95% CI 4.1–8.8) in the same year. Odds of having reported unusual symptoms was higher

among those involved in animal production business (OR = 3.4, 95% CI 1.9–6.2) and animal-involved

livelihoods (OR = 3.3, 95% CI 1.5–7.2) compared to other livelihoods. The results suggest that there is a high

level of interaction between humans, livestock and wild animals in communities we investigated in Myanmar.

The study highlights the specific high-risk behaviors as they relate to animal contact and demographic risk

factors for zoonotic spillover. Our findings contribute to human behavioral data needed to develop targeted

interventions to prevent zoonotic disease transmission at human–animal interfaces.
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INTRODUCTION

Among the recognized human pathogens, approximately

60% are known to be zoonotic, i.e., able to transmit be-

tween species from animals and humans, which is the most

likely sources of emerging and reemerging infectious dis-

eases (Cleaveland et al., 2001; Taylor et al., 2001; Wool-

house and Gowtage-Sequeria, 2005; Jones et al, 2008).

Southeast Asia (SEA) is widely considered an emerging

infectious diseases (EID) hot spot, having experienced

several major endemic and epidemic outbreaks within the

last 15 years, including avian influenza, severe acute res-

piratory syndrome, leptospirosis and rabies (Bhatia and

Narain, 2010; Coker et al., 2011).

Zoonotic outbreaks are often precipitated by land-

scape-level drivers common to developing regions,

including increased trade and mobility, commercialization

of agriculture and animal production, forest development

and ecotourism (Bhatia and Narain, 2010; Coker et al.,

2011; Hassell et al., 2017; Liebler et al., 2009). These factors

are present in Myanmar, a developing SEA nation

(Myanmar Ministry of Agriculture, Livestock and Irriga-

tion, 2016). Despite relatively high forest coverage, esti-

mated 44.5–63.0% of its land area (The Republic of the

Union of Myanmar, 2013; The World Bank, 2015), recent

socioeconomic factors have accelerated the development of

Myanmar’s forests at unprecedented rates. Forest decline

increased from 0.3 to 0.55% yearly from the early 2000s to

2014 (a loss of two million hectares) due to agricultural

conversion, logging and other consumptive or extractive

industries (Bhagwat et al., 2017; Leimgruber et al., 2005).

Land-use change of this magnitude can create human–

wildlife interfaces and increase opportunities for pathogen

spillover through mass migration and displacement of

people, and industrialization (Hassell et al., 2017; Liebler

et al., 2009; Murray and Daszak, 2013).

At a community level, ‘‘high-risk behaviors’’—socio-

cultural or occupational practices involving human–animal

interactions—can predispose habitants to zoonotic disease

risks. Myanmar is home to many at-risk communities, with

those living on the margins of poverty disproportionately

residing in rural areas (Food and Agriculture Organization

of the United Nations, 2018; The World Bank Group,

2017a, b). In 2017, about 64.8–70.0% of the population

resided in rural areas, and 46.0% lived in or near poverty

(Food and Agriculture Organization of the United Nations,

2018; The World Bank Group, 2017a, b; Thant and Winn,

2016). Historically, much of the zoonotic disease burden

falls to these populations, due to various socioeconomic,

exposure and infrastructure factors, including limited hu-

man health services, underreporting of illnesses and

insufficient surveillance (Cascio et al., 2011; Leimgruber

et al., 2005; Osbjer et al., 2015).

Following the 2006 avian influenza (H5N1) outbreak,

the One Health concept—emphasizing the interrelatedness

of human, animal and environmental health—was intro-

duced to Myanmar to address the burden of endemic

zoonoses (World Health Organization, 2018). Myanmar’s

first One Health plan was developed in 2013 to establish

communication systems to notify public health authorities

during disease outbreaks, prioritizing surveillance in early

stages of detection and prevention (Myanmar Ministry of

Health and Sports, 2013; Draft One Health Plan, 2013).

However, implementing this plan proved challenging due

to several factors, including limited knowledge of zoonotic

disease transmission (Myanmar Ministry of Health and

Sports, 2013).

To explore behavioral mechanisms of pathogen spil-

lover in Myanmar, we aimed to: (1) evaluate the details

around animal contact and types of interaction, (2) assess

the association between self-reported unusual symptoms

and animal contact activities and (3) identify the potential
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risk factors including behavioral practices of self-reported

illness.

MATERIALS AND METHODS

Site Characterization and Study Populations

Site selection was based on concurrent presence of wildlife

and livestock, agricultural land use, low access to health

care and infrastructure, and observation of behaviors

incorporating animals (e.g., bat consumption, ecotourism).

Wildlife species of concern included bats, rodents and non-

human primates, which are more likely to be the source of

major zoonoses of public health concern such as severe

acute respiratory syndrome, Nipah virus and Ebola hem-

orrhagic fever (Devaux et al., 2019; Han et al., 2015;

Meerburg et al., 2009). These taxa have higher pathogen

spillover potential due to various ecological traits and in-

creased opportunities for contact with humans (Olival

et al., 2017). Concurrent wildlife viral surveillance targeted

coronaviruses, filoviruses, paramyxoviruses and influenza

viruses, which may be carried by our targeted species of

interest.

Two study sites and their respective populations were

targeted: (1) residents near bat caves in Hpa-an of Kayin

State and (2) villagers of Hmawbi, near Hlawga National

Park (HNP) in Yangon State. Locals at both sites depend

heavily on commercial agriculture and livestock production

and engage in religious practices involving wildlife contact.

Ecotourism is prominent at both locations.

Site 1. Hpa-an

Situated in a rural agricultural region characterized by crop

production and free-roaming livestock, Hpa-an features

extensive, sacred caves that attract humans for guano har-

vesting, religious pilgrimages and ecotourism. These caves

house colonies of approximately 300,000–500,000 bats

(Chaerephon sp., Eonycteris sp., Craseonycteris sp. and

Hipposideros sp.) throughout the year, with highest capac-

ities in the wet season (Valitutto et al., 2020). Additionally,

one cave complex maintains a resident colony of 200 ma-

caques that regularly interact with visitors through hand-

feeding. Each cave hosts approximately 100–500 local and

international tourists daily with seasonal fluctuations.

Residents of these communities participate in traditional

and religious behaviors including wildlife consumption and

removal of footwear to visit sacred caves. This study fo-

cused on several villages within a 12 km radius in this re-

gion, including residents who were occupationally exposed

to bats through guano collection or visited the caves for

religious purposes.

Site 2. Hmawbi

Occupying 1,540 acres (Ministry of Hotels and Tourism,

2018), HNP harbors many wildlife species, including over

2000 free-roaming macaques (Macaca mulatta and M. ne-

mestrina), numerous bat species (Cynopterus sp., Pteropus

sp., Taphozous sp. and Hipposideros sp.), deer, boar, gaur,

birds and rodents according to Hlawga National Park

official website (https://www.hlawgapark.com/). Domesti-

cated species like elephant, cattle, chickens, ducks and dogs

are also present. The park receives approximately 200 to

1,000 visitors daily. With the exception of one community

due to its further location for recruitment, this study fo-

cused on residents of villages in Hmawbi clustered within

10 km of HNP, including HNP staff and those working in

animal production, hunting and crop production.

Recruitment and Informed Consent

A cross-sectional study was performed at the two sites from

March 2017 to September 2018. Introductory visits were

made by the study staff to each of the selected sites prior to

the commencement of the study. Community visits began

with discussions with local authorities and community

leaders, who subsequently assisted with recruitment of

community members by introducing the study, followed by

community meetings to discuss study details with com-

munity members, including the voluntary nature of par-

ticipation in the study, inclusion and exclusion criteria, as

well as future dates, times and locations relevant to study

participation.

Participants who met the criteria for enrollment at

community sites, together with their parents or legal

guardians if applicable, were invited to speak with the study

staff regarding the details of the study, to review the study

information and informed consent form, and to ask any

relevant questions. All study documents were in Myanmar

language and study team members were fluent in local

languages, ensuring the participants fully understood the

study and procedures. One-on-one structured question-

naires were administered by Myanmar midwives and

community health workers trained and supervised by

Township Health Officers. Only consented participants
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were enrolled in the study. Participation in the study was

completely voluntary, and all participants were informed

that they could withdraw from the study at any time

without consequences. Children younger than 17 years old

were eligible to participate in the study if they provided

assent and were accompanied by a parent or legal guardian

who provided informed consent and remained present

during the entire consent process.

Data Analysis

We first conducted descriptive analysis by locations to

describe demographic factors (gender, age, education, pri-

mary livelihood, length of time living at current location,

number of people living with), living environment and

practices (drinking water treated, food storage), travel

history, animal contact and self-reported unusual symp-

toms in the past year. For univariate descriptive analyses,

we used Chi-square and Fisher’s exact tests. The unadjusted

and adjusted associations were assessed by locations be-

tween types of animal contact activities as independent

variables and whether or not participants had self-reported

unusual symptoms in the past year as the outcome variable.

Further, the unadjusted and adjusted associations between

potential risk factors and whether or not participants had

self-reported unusual symptoms were also assessed by

locations. A p-value < 0.05 was considered statistically

significant. Categorical variables between groups were

compared by Chi-square tests or Fisher’s exact tests and t-

tests. All analyses were done using STATA/IC version 16.0

(StataCorp., College, TX, USA).

Ethics Statement

The study protocols were reviewed and approved by the

Ethics Review Committee on Medical Research Involving

Human Subjects, Department of Medical Research, Min-

istry of Health and Sports (ERC Number: 002617 and

Approval Number: Ethics/DMR/2017/062); and the Insti-

tutional Review Board Administration of the University of

California, Davis (No. 804522-20). Only consented par-

ticipants were enrolled in the study. Participation in the

study was completely voluntary, and all participants were

informed that they could withdraw from the study at any

time without consequences.’’

RESULTS

Characteristics of Participants and Household

A total of 708 participants were enrolled in the study from

March 2017 to September 2018 at two community sites—

306 participants from Hpa-An site and 402 participants

from Hmawbi site. There was an equal number of male and

female participants. The majority of participants were aged

between 40 and 59 (44.8%) in Hpa-An site while the

majority was between 20 and 39 years old in Hmawbi site.

Most participants in Hmawbi site had completed secondary

school and above (39.4%) compared to those in Hpa-an

site (29.4%). Most participants at Hpa-an site were in-

volved in non-animal-related primary livelihood (33.7%)

while most participants at Hmawbi site were involved in

animal production business. More than half of the partic-

ipants have been living at their current location for more

than ten years in both Hpa-an site (79.1%) and Hmawbi

site (58.5%) and almost all participants lived with one or

more people in the same dwelling. Most participants re-

ported treating drinking water and indicated that they had

a dedicated location for human waste and used containers

with covers for food storage in households in both sites.

About half of the participants (46.1%) from Hpa-an site

and 82.8% from Hmawbi site self-reported unusual

symptoms in the past year. Almost all participants had

contact with animals in the past year (Table 1).

Specific Forms of Animal Contact in the Past Year

To understand details around animal contacts, participants

were asked about the types of animals they came in contact

with within the past year and the nature of the interaction.

Interaction with poultry seemed to be very common among

the participants and many reported handling, raising and

having poultry in their houses as well as being scratched/

bitten by or slaughtering them. Contact with rodents and

swine was also frequently observed among the participants

(57.7% & 18%) and many reported seeing feces of rodents

(n = 73), swine (n = 54) and cattle (n = 32) in or near

their food. Seventeen participants said they had bats in

their house, 6 participants reported being scratched or

bitten by bats and 7 participants reported slaughtering bats

for unknown purposes (Fig. 1).
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Association Between Self-Reported Unusual Symp-

toms and Animal Contact Activities by Sites

At Hmawbi site, participants who reported unusual

symptoms in the past year were more likely to have sold

dead animals (OR = 6.39, 95% CI 3.07–13.3), slaughtered

animals (OR = 3.89, 95% CI 2.11–7.17), raised animals

(OR = 5.05, 95% CI 2.7–9.44), eaten sick (OR = 9.48, 95%

CI 4.79–19.76) or dead animals (OR = 6.56, 95% CI 3.72–

11.59) or scratched/bitten by animals (OR = 1.88, 95% CI

1.11–3.18). At Hpa-an site, participants who reported

unusual symptoms in the past year were more likely to have

shared water with animals (OR = 2.12, 95% CI: 1.05–4.3)

or raised animals (OR = 1.89, 95% CI 1.11–3.22). The

associations remained significant when adjusted for pri-

mary livelihood, age and education with the exception of

the association between scratched/bitten by animals and

unusual symptoms at Hmawbi site (Table 2).

Risk Factor Analysis of Self-Reported Symptoms

Of all participants in the study, 67% (474/708) reported

having unusual symptoms in the past year (Table 1). Fe-

males from Hpa-an sites were more likely to have reported

unusual symptoms compared to males. Participants from

Hmawbi site aged 20–39 (OR = 2.75, 95% CI 1.33–5.69)

were more likely to have reported unusual symptoms

compared to those less than 10 years old. Those involved in

crop production (OR = 4.38, 95% CI 2.2–8.72), animal

production (OR = 3.42, 95% CI 1.88–6.21) and other

animal-involved livelihoods (OR = 3.27, 95% CI 1.49–

7.17) were more likely to have reported unusual symptoms

compared to those in non-animal-involved livelihoods but

only among those recruited from Hmawbi site. In both

sites, those who had unusual self-reported illness were

more likely to have family members who also had unusual

symptoms in the same year (OR = 8.97, 95% CI 6.14–

13.12). When adjusted for whether or not other people they

lived with had symptoms in the past year, the associations

remained significant between participants’ self-reported

unusual symptoms and gender and primary livelihood.

There was no significant associations between age, educa-

tion level, whether participants had traveled in the same

year or whether drinking water was treated with partici-

pants’ self-reported illness in both sites (Table 3).

DISCUSSION

We used a behavioral surveillance approach among high-

risk communities to study the association between behav-

ioral practices and the risk of zoonotic viral spillover in

Myanmar. Our study provides important insights into the

level of animal contact in the community that is under-

studied and highlights the potential pathways of human–

animal interaction. We found the association between self-

reported unusual symptoms among participants and par-

ticipants’ animal contact activities as well as evidence of

potential risk factors of self-reported unusual symptoms.

The largest part of surveillance data in the region has been

focusing on virological results while epidemiological and

behavioral investigations have been lacking and poorly

understood (Trevennec, 2011). Our findings contribute to

much needed human behavioral data for targeted inter-

ventions and strategies to prevent zoonotic disease trans-

mission at human–animal interfaces.

A high prevalence of animal contact with poultry, ro-

dents, swine and cattle was observed among study partici-

pants. These animals carry a wide range of zoonotic viral

pathogens such as swine influenza, hepatitis E virus, avian

influenza and hantaviruses. Hepatitis E virus (HEV) has

been previously reported in parts of Southeast Asia, espe-

cially among those living rural areas with direct exposure to

Figure 1. Animal contact activities in the past year.
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Table 1. Demographic characteristics of participants.

Total

(n = 708)

Hpa-an site

(n = 306)

Hmawbi site

(n = 402)

Gender#

Female

Male

354 (50%) 167 (54.6%) 187 (46.5%)

354 (50%) 139 (45.4%) 215 (53.5%)

Age group (in years)^

< 10

10–19

20–39

40–59

60–79

34 (4.8%)

45 (6.4%)

255 (36.0%)

317 (44.8%)

57 (8.1%)

13 (4.3%)

15 (4.9%)

79 (25.8%)

166 (54.3%)

33 (10.8%)

21 (5.2%)

30 (7.5%)

176 (43.8%)

151 (37.6%)

24 (6%)

Education

None

Primary school

Secondary school

College/university/professional

75 (10.6%)

350 (49.4%)

257 (36.3%)

26 (3.7%)

57 (18.6%)

159 (52%)

82 (26.8%)

8 (2.6%)

18 (4.5%)

191 (47.5%)

175 (43.5%)

18 (4.5%)

Primary livelihood

(i) Non-animal business, construction worker, migrant laborer

(ii) Crop production

(iii) Child/student

(iv) Homemaker/unemployed

(v) Nurse, doctor, traditional healer, community clinic workers

(vi) Animal production business (Rancher/farmer animal production

business, meat processing/slaughter house/abattoir)

58 (8.2%)

188 (26.6%)

37 (5.2%)

86 (12.1%)

3 (<1%)

252 (35.6%)

37 (12.1%)

80 (26.1%)

12 (3.9%)

53 (17.3%)

1 (<1%)

87 (28.4%)

21 (5.2%)

108

(26.6%)

25 (6.2%)

33 (8.2%)

2 (0.5%)

165 (41%)

(vii) Animal-related livelihood (wild/exotic animal trade/market

business, bat guano harvester, hunter/trapper/fisher, livestock/

domestic animal/product trade, zoo/sanctuary animal health

care, animal health provider/veterinarian)

63 (8.9%) 16 (2%) 47 (11.7%)

(viii) forager/gatherer/non-timber forest product collector/

protected area worker

21 (3%) 20 (6.5%) 1 (0.3%)

Primary livelihood

Crop production

Animal production

Other animal-involved occupation

Other non-animal-related occupation

188 (26.5%)

252 (35.6%)

84 (11.9%)

184 (26%)

80 (26.1%)

87 (28.4%)

36 (11.8%)

103 (33.7%)

108 (26.9%)

165 (41%)

48 (12%)

81 (20.1%)

Length of time living at the location

<1 year

1–5 years

5–10 years

>10 years

52 (7.3%)

113 (16.0%)

66 (9.3%)

477 (67.4%)

17 (5.6%)

37 (12.1%)

10 (3.3%)

242 (79.1%)

35 (8.7%)

76 (18.9%)

56 (13.9%)

235 (58.5%)

No. of people living in the same dwelling

None

1–4

5–9

10 and above

1 (< 1%)

352 (49.7%)

328 (46.3%)

27 (3.8%)

0 (0%)

121 (39.5%)

169 (55.2%)

16 (5.3)

1 (0.2%)

231 (57.5%)

159 (39.6%)

11 (2.7%)

Water is treated

Yes

No

661 (93.4%)

47 (6.6%)

287 (93.8%)

19 (6.2%)

374 (93.0%)

28 (7%)
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swine (Hinjoy, 2012, Meng 2002, Christou, 2013, Drobe-

niuc, 2001) or among those who consumed raw and un-

cooked pork (Wibawa, 2004, Blacksell, 2007). Similarly,

avian influenza viruses have been frequently detected in

pigs in Asian countries including China, Korea and

Myanmar (Cao, 2013, Nidon, 2010, Zhou, 2014, Mon,

2012), and in domestic poultry in Southeast Asia (WHO,

timeline major events, OIE, 2016, Avian Influenza), and

these viruses including H9N2 and H5N1 had been reported

to infect humans (WHO, 2020). Since backyard pig farm-

ing and background poultry production play an important

role in the livelihood of rural and peri-urban populations

in Southeast Asia, understanding the local population’s

behavioral practices and measures to protect themselves

from zoonotic spillover will help develop the risk mitiga-

tion interventions. Our study population reported regular

contact with rodents which may carry hantaviruses that can

be transmitted to humans and have been previously iden-

tified in humans in Southeast Asia (Groen, 2002, Rollins,

1986, Lee 1999). Infections caused by hemorrhagic fever

with renal syndrome-related hantaviruses can be life-

threatening; thus, it is of public health interest to tailor

sanitation, proper hygiene and rodent intervention strate-

gies to reduce the frequent occurrence of rodents in

households and occupational settings to reduce the risk of

acquiring the disease.

Animal Contact Activities in the Past Year

Considering the high prevalence of animal contact among

the study population, we next sought to evaluate the overall

patterns around human–animal interactions and the

pathways of those interactions. The most common type of

contact was with poultry through raising, handling or

having them in or near participants’ houses. Myanmar has

first reported HPAI in 2006, and multiple waves of H5Nx

HPAI outbreaks have been reported in duck farms

throughout several states in Myanmar, including Yangon

where we conducted our study (Mon et al, 2012). In

addition, HPAIV-H5N1 were found in a live bird market in

Yangon, Myanmar, from 2017 to 2018 (Thurain et al,

2020). Even though human infections rarely occur, it has

been reported that approximately 60% of the cases have

died (Claas et al, 1998). This presents a significant risk of

HPAIV-H5N1 transmission in poultry and humans via live

markets and poultry farms and of public health threats. It is

of importance to note that contact with bats inside the

dwelling was also observed among our participants in both

of our sites because bats are reservoirs of several zoonotic

pathogens of global concern including SARS (Menachery

et al, 2015), Nipah virus (Luby et al, 2009) and Ebola

(Leroy et al, 2005). It is also alarming that participants

reported handling and being scratched/bitten by NHPs

Table 1. continued

Total (n = 708) Hpa-an site (n = 306) Hmawbi site (n = 402)

Dedicated location for human waste

Yes

No

677 (95.6%)

31 (4.4%)

283 (92.5%)

23 (7.5%)

394 (98%)

8 (2%)

Containers for food storage in household

Yes, with covers

Yes, without covers

No

643 (91.0%)

26 (3.7%)

39 (5.5%)

246 (80.4%)

23 (7.5%)

37 (12.1%)

397 (98.8%)

3 (0.7%)

2 (0.5%)

Self-reported unusual symptoms in the past year*

Yes

No

474 (67%)

234 (33%)

141 (46.1%)

165 (53.9%)

333 (82.8%)

69 (17.2%)

Contact with any type of animals in the past year

Yes

No

698 (98.6%)

10 (1.4%)

297 (97.1%)

9 (2.9%)

401 (99.8%)

1 (0.2%)

#Observed.
^Self-reported.

*Unusual symptoms mean any illness or sickness that is not known or recognized in the community or diagnosed by medical providers.
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because it has been well reported that several outbreaks of

Ebola hemorrhagic fever were the consequence of handling

and butchering NHPs (Leroy et al., 2004). Therefore,

interventions to raise awareness of zoonotic risks and to

connect individuals to local resources for disease reporting

will be critical for early reporting of diseases and responses.

Self-reported Unusual Symptoms Among Partici-

pants Given High-Risk Animal Contact Activities

Even though serology studies would be able to pinpoint

prior exposure to zoonotic viral pathogens, self-reported

illness data have been widely used in disease surveillance

and risk factor studies when serology data are not available.

Our finding of increased odds of self-reported unusual

illness among those who had different animal contact

activities is consistent with that of other studies (Li, 2019,

Krueger, 2015, Rinsky, 2019). Animal contact activities that

were associated with self-reported unusual symptoms dif-

fered across sites. Increased odds of self-reported illness

among those who slaughtered and sold dead animals were

observed only among participants in Hmawbi site. The fact

that Hmawbi is located in a close proximity to different

slaughterhouses in the industrialized peri-urban zone

might have played a role in these associations. Increased

odds of unusual symptoms were associated with raising live

animals in both locations. It might be due to the fact that

very few farmers in Myanmar have received any formal

training on pig or poultry farming and their knowledge

about animal diseases is very limited (Belton et al., 2020).

To our surprise, those who reported eating raw meat

had lower odds of having self-reported unusual symptoms.

However, we were limited in our data to know whether the

majority of those who did not report self-reported unusual

illness but had eaten raw/undercooked meat, organ or

blood were already clinically diagnosed for having food-

borne illness.

Association of Potential Risk Factors with Self-re-

ported Illness

Regardless, our findings observed the clear increased

association between self-reported unusual illness and pri-

mary livelihood in peri-urban Hmawbi site, particularly

crop production, animal production and other animal-in-

volved occupations, which is consistent with other studies

Table 2. Self-reported unusual symptoms among participants given high-risk animal contact activities.

Type of contact activity Odds ratio by sites (95% CI) Adjusted odds ratios by sites (95% CI)

Self-reported unusual

symptoms (Hmawbi site)

N = (402)

Self-reported unusual

symptoms (Hpa-an site)

N = (306)

Self-reported unusual

symptoms (Hmawbi

site)a

Self-reported unusual

symptoms (Hpa-an

site)a

Sold dead animals 6.39 (3.07–13.3) – 4.3 (1.96–9.43) –

Slaughtered animals 3.89 (2.11–7.17) 1.56 (0.98–2.5) 2.02 (1.0–4.04) 1.65 (1.0–2.69)

Shared water with ani-

mals for washing

0.69 (0.28–1.67) 2.12 (1.05–4.3) 0.64 (0.25–1.63) 2.1 (1.04–4.27)

Raised live animals 5.05 (2.7–9.44) 1.89 (1.11–3.22) 3.13 ( 1.52–6.45) 1.98 (1.14–3.45)

Hunted/trapped 0.97 (0.41–2.3) 1.32 (0.52–3.35) 0.52 (0.2–1.34) 1.39 (0.53–3.61)

Handled live animals 1.21 (0.25–5.84) 1.07 (0.57–2.0) 0.67 (0.13–3.58) 1.08 (0.56–2.08)

Eaten sick animals 9.48 (4.79–18.76) 0.71 (0.38–1.32) 6.65 (3.23–13.67) 0.72 (0.38–1.35)

Eaten raw or under-

cooked meat or organ

or blood

1.38 (0.46–4.08) 0.83 (0.51–1.33) 1.23 (0.39–3.87) 0.84 (0.52–1.35)

Eaten dead animals 6.56 (3.72–11.59) 0.91 (0.45–1.88) 4.43 (2.27–8.62) 0.93 (0.45–1.92)

Animal inside dwelling 0.80 (0.17–3.65) 1.17 (0.69–2.0) 0.56 (0.11–2.79) 1.22 (0.71–2.09)

Scratched/bitten 1.88 (1.11–3.18) 0.93 (0.54–1.61) 1.20 (0.68–2.14) 0.91 (0.52–1.59)

Significant results given in bold

a: Adjusted for primary livelihood, age, education.

–: Dropped due to low n.
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in the region (Patel 2019, Li, 2019). This highlights the

importance of targeted surveillance and especially serology

studies in these occupational groups in more peri-urban

locations where medium- and large-scale farms exist. Even

though the majority of the participants had dedicated

location for human waste, we did not follow up in our

questionnaire if that included open defecation in a pre-

ferred location.

Participants aged 20–39 were more likely to have re-

ported unusual symptoms compared to younger partici-

pants and this could be due to the fact that these aged

groups are more likely to be involved in livelihood activities

that have exposure to animals, especially in peri-urban

locations. There also seemed to be transmission risk to

other household members since there was a significantly

increased odds of symptoms in household members of

participants who reported symptoms themselves. Behav-

ioral interventions such as social distancing and isolating

will be central to reducing the risk of household trans-

mission if such interventions are possible and could be

Table 3. Association of potential risk factors with self-reported illness.

Unadjusted odds ratio by site (95% CI) Adjusted odds ratio by site (95% CI)#

Odds ratio by site (95% CI)

Hpa-An (0) (n = 306) Hmawbi (1) (n = 402) Hpa-An (0) (n = 306) Hmawbi (1) (n = 402)

Gender (female vs male)

Male

Female

1

2.01(1.27–3.19)

1

0.94 (0.56–1.58)

1

1.96 (1.23–3.12)

1

1.07 (0.58–1.98)

Age (in years)

< 10*

10–19

20–39

40–59

60–79

1

0.25 (0.04–1.58)

1.64 (0.49–5.46)

1.64 (0.51–5.22)

0.7

1

1.5 (0.6–3.7)

2.8 (1.3–5.7)

2.1 (1.0–4.2)

1.0 (0.4–2.4)

1

0.29 (0.04–1.93)

1.86 (0.55–6.33)

1.97 (0.6–6.46)

0.86 (0.22–3.37)

1

1.36 (0.3–6.15)

1.35 (0.45– 4.06)

1.86 (0.61–5.7)

1.02 (0.21–4.87)

Education

None*

Primary school

Secondary school

College/university/professional

1

0.81 (0.44–1.49)

1.29 (0.65–2.53)

0.67 (0.15–3.06)

1

2.23 (0.78–6.34)

2.87 (0.99–8.31)

4 (0.68–23.41)

1

0.82 (0.44–1.52)

1.27 (0.64–2.52)

0.61 (0.13–2.85)

1

1.47 (0.41–5.22)

1.83 (0.51–6.61)

2.3 (0.29–18.01)

Primary livelihood

Crop production

Animal production

Other animal-involved occupation

Other non-animal-related occupa-

tion

0.73 (0.41–1.33)

1.18 (0.67–2.09)

0.79 (0.37–1.69)

1

4.38 (2.2–8.72)

9.7 (4.66–20.21)

5.33 (2.04–13.93)

1

0.85 (0.47–1.57)

1.25 (0.7–2.24)

0.8 (0.37–1.75)

1

2.21 (0.96–5.08)

5.26 (2.27–12.22)

5.65 (1.92–16.62)

1

Traveled

Yes

No

1.04 (0.65–1.64)

1

1.46 (0.81–2.61)

1

1.07 (0.67–1.72)

1

1.05 (0.53–2.1)

1

Water treated

Yes

No

0.76 (0.3–1.92)

1

0.79 (0.27–2.36)

1

0.82 (0.32–2.1)

1

1.32(0.36–4.9)

1

Symptoms in other people whom participants lived with

Yes

No

2.08 (1.23–3.5)

1

21.61 (10.92–42.76)

1

–

–

–

–

#Adjusted for whether or not people participants lived with had symptoms in the past year
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beneficial to avoid clusters of potential community trans-

mission.

CONCLUSION

Although this study could not establish a direct link be-

tween prior exposure to zoonotic pathogens and partici-

pants’ high-risk behaviors and practices in their daily lives

or in livelihood activities due to the lack of serology data,

the results suggest that there is a very high interaction

among humans and domestic and wild animals among

these communities. Our study provides important insight

into community-level animal contact in a period (2017–18)

prior to major behavioral changes during COVID-19. We

highlight the most common pathways through which

individuals come into contact with different animals, in a

local context. Our findings on increased odds of having

unusual symptoms among those who had different animal

contact activities via their likelihood activities or daily

practices suggest a need for more targeted surveillance

among these populations for early detection and behavioral

interventions for the prevention of emerging and

reemerging zoonotic diseases. Future studies should in-

clude serology testing of a wide range of viral pathogens in

addition to the screening of potential zoonotic viruses.

More studies in the region to understand the behavioral

risk factors associated with zoonotic transmission are

needed, especially in Myanmar that has a weak surveillance

infrastructure as well as more efforts for laboratory capacity

building.
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