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Abstract: This sequential explanatory mixed-method study consisted of analytical, cross-sectional,
and qualitative studies. The research was conducted in the Khao Nor and Khao Kaew areas of
the Banphot Pisai districts of Nakhon Sawan Province in 2019. Here, we examined the rodent
contact characteristics of villagers in these areas and determined the potential characteristics/risk
factors associated with rodents using a semi-structured questionnaire, key informant interview
(KII), and focus group discussion (FGD). Results of the quantitative study (N1 = 372) characterized
participants that contacted rodents per gender, age, occupation, knowledge, attitude, and practice
(KAP), including their cultural contexts, and beliefs. Ninety participants (24.2%) reported contact
with rodents, and the reasons for their direct physical rodent contact were hunting (35, 9.4%), killing
(41, 11.0%), preparing rodents as food (33, 8.9%), consuming cooked meats (12, 3.2%), feeding food
(4, 1.1%), cleaning feces (17, 4.6%), and cleaning carcasses (33, 8.9%). Moreover, logistic regression
results showed that males encountering rodents were statistically significant (Adjusted OR = 3.137,
95% CI 1.914–5.139, p < 0.001). Low monthly household income (<THB 15,000 or <USD 450) was
also negatively statistically significant with encountering rodents (Adjusted OR = 0.57, 95% CI
0.33–0.99, p = 0.04). Additionally, the villagers had a low level of knowledge toward zoonotic
diseases and inappropriate attitudes and practices toward contacting rodents and zoonotic diseases.
Thirty-five qualitative study participants (N2) participated in the KIIs and FGDs. Various rodent
contact activities were also reported among the qualitative research participants, such as hunting,
consumption, and selling them to their friends and neighbors. However, these rodents also destroyed
their belongings, crops, and plants. Some participants also reported that rodents accounted for
leptospirosis transmission. As a result, communication intervention should be planned to provide
appropriate knowledge and attitude to the villagers, especially among those who have close contact
with rodents in the understudied area.
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1. Introduction

Emerging Infectious Diseases (EIDs) are a burden to the worldwide health condi-
tion [1], and they are caused by at least 12% of all human pathogens [2]. Zoonotic pathogens
account for about three-fourths of human EIDs [3], of which the majority of these (71.8%)
originate from wildlife and increase significantly over time [4].

Hence, important zoonotic diseases (ZDs) from wildlife include avian influenza [5],
Ebola [6], food poisoning [7], Hantavirus [8], leptospirosis [9], lyssavirus [10], Nipah
virus [11], rabies [12], severe acute respiratory syndrome (SARS) [13], parasitic diseases [14,15],
plague [16], and toxoplasmosis [17]. Some ZDs mentioned above are from wildlife reser-
voirs, such as rodents, which present important health issues, thereby affecting all from
place to place worldwide [18]. Wildlife can also be used for several purposes, such as hunt-
ing [19], bushmeat consumption [20], traditional medicine [21], natural insect control [22],
sale, or trade [23]. Additionally, wildlife guano (feces) is used as fertilizer [24]. Moreover,
human behavior, knowledge, belief, cultural context, and sociodemographic characteristics
are potential factors that are linked with wildlife contact activities [25].

Leptospirosis is among the ZDs that have accounted for a high number of public health
issues for the past two decades worldwide, especially in resource-poor and developing
countries, including Thailand [9]. Leptospirosis can be acquired through contact with
domestic animals and wildlife, e.g., dogs [26], cats [27], cattle [28], and rodents [29], which
are considered reservoirs for leptospirosis infection in humans.

Thailand has several urban and rural settings with a high density of wildlife nearby
and around their communities (urban, peri-urban, and rural settings). Villagers would
therefore have a great chance to contact wildlife, which exposes them to zoonotic diseases.
Thailand also has several places where wildlife resides near the communities, and people in
these communities frequently have contact with wildlife during several activities. However,
the factors and characteristics of contact with wildlife remain doubtful, and only a few
have been studied. In addition, the wildlife-contacting prevalence rate of the Thai people is
unknown, especially in the central region of Thailand. Therefore, this study was initiated
in the Banphot Pisai district, Nakhon Sawan province, a central Thai region with unique
characteristics, including various domestic and wildlife species, such as rodents, bats, and
non-human primates in the same areas. According to the scoping visit observations, people
in this district also have close contact with these animals. The study team also learned that
the areas had been affected by flooding in 2008, and health statistics showed a number of
fever cases of unknown origin annually.

Additionally, the villagers have agriculture-related occupations that might lead to
leptospirosis infection. Therefore, this study used leptospirosis as a “proxy indicator” to
determine the animal exposure activities of the villagers by obtaining seroprevalence rates.
Hence, this study determined the potential risk factors associated with coming into contact
with various rodent types. This study also examined the factors related to rodent-contacting
behaviors among villagers who lived in the study areas at least twelve months before data
collection in 2019.

2. Materials and Methods
2.1. Study Design

A sequential explanatory mixed-method study design was conducted, which consisted
of an analytical cross-sectional study to determine the seroprevalence of leptospirosis
among healthy subjects and a qualitative study. Results of the qualitative study were then
used to support findings from the quantitative study and provide recommendations for
further studies and interventions.

2.2. Study Sites

The Banphot Pisai district is one of fifteen districts in Nakhon Sawan province that
was selected as the study area. It is located in the neighboring Kamphaeng Phet and
Phichit provinces. This district was chosen because it has rows of mountains, namely,
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Khao Nor and Khao Kaew. The mountains also have forests and caves that several types
of wildlife live in and around, especially rodents, bats [30], non-human primates, and
villagers, thereby facilitating direct and indirect physical contact activities with wildlife
animals per observation by the study researcher during several scoping visits. People in
the areas worked in agriculture-related occupations, such as rice field farmers, who could
become prone to contact with rodents’ carriers for leptospirosis. The study results were
also used to compare with previous studies in the Khon Kaen province, a northeastern
region of Thailand [31], and Lao PDR [32] on rodent contact and consumption behavior
characteristics, and whether their knowledge, attitudes, perceptions, and practices were
different from those of the villagers who live in the central region of Thailand.

Maps of the province, district, and subdistrict, including photos of the environmental
characteristics of the district, are shown in Figure 1.
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2.3. Study Participant Criteria

The participant criteria comprised individuals aged between 20 and 65 years who had
lived in the areas for at least twelve months before the study implementation and who
were willing to participate in this study.

2.4. Sample Size Estimation
2.4.1. Analytic Cross-Sectional Survey and Blood Specimen Collection

The following standard formula was used for calculating the minimum sample size:

n =
z2 p(1 − p)

d2

Here, p = proportion of the indicator of interest, based on the previous study by
Thipmontree et al. in northeastern Thailand [33]. This study was used to calculate the
proportion since there are few numbers of studies on leptospirosis in the central region of
Thailand. The study found that 40% of acute undifferentiated fevers were diagnosed as
leptospirosis infections. Therefore, p was 0.40 for this calculation. z = 1.96 (95% confidence
interval), and d (margin of error) = 5%. The sample size for this quantitative survey was
369 as a minimum number.
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Our study populations were selected randomly using the most updated household
registry record database from a health-promoting hospital (HPH) in the study area. Since a
possible decline in participation was expected, a 20% pre-random selection was made to
fulfill the required sample size numbers. Finally, 443 participants were pre-selected from
the database and contacted for the interviews for this quantitative survey, in which a total
of 372 people agreed to participate in the quantitative study.

2.4.2. Qualitative Study

For the qualitative study, key informant interviews (KIIs) and focus group discussions
(FGDs) were conducted. The participants were engaged in purposeful discussions following
selections as per suggestion from the village chiefs or local health authorities of those
who were highly experienced with having close contact with rodents in the study areas,
including those who reported close contact behaviors with rodents in the analytical cross-
sectional survey.

2.5. Study Tools and Data Collection Procedures

The quantitative questionnaire and discussion guides for KII and FGD were designed
by modifying the questionnaires of previous studies [30,34–36]. The tools were refined
after pretest activities with villagers in the areas with a prevalence of rodents, bats, and
non-human primates in a province having similar sociodemographic and cultural contexts
as the study areas. The data collection procedures are presented in Figure 2.

2.6. Study Variables and Data Analysis

Two outcome variables (leptospirosis seropositive and rodent contact behavior), as
well as twelve independent variables, were studied. Descriptive statistics were then con-
ducted on the overall samples, such as mean ± SD, median, and interquartile range (IQR)
for continuous variables, and then numbers and percentages were used for categorical
variables. Subsequently, the chi-square or Fisher’s exact tests were used to compare 2 cat-
egorical variables. Furthermore, univariate and multivariate logistic regression analyses
were used to identify the outcomes resulting from the associated factors. Confidence in-
tervals (CI) of 95% were also calculated for all indicators. The data were analyzed using
the PASW Statistics for Windows, Version 18.0 (SPSS Inc., Chicago, IL, USA), after which a
p-value < 0.05 was considered statistically significant.

All notes, feedback, and data for the KIIs and FGDs were entered onto a laptop com-
puter. Audio recordings were also transcribed into Thai transcriptions. Then, qualitative
analysis steps were performed using the following methods: (a) manually reviewing tran-
scriptions using line-by-line analysis; (b) underlining the keywords based on the study
objectives and themes of the discussion guides; (c) naming and grouping the keywords
and contents; and (d) linking the reviews, interpreting the results, and providing recom-
mendations using the triangulation approach [37].

2.7. Serological Tests

Subsequently, single serum samples were collected from participants and analyzed for
anti-leptospiral antibodies using serological assays, including indirect immunofluorescence
assay (IFA) and the gold-standard microscopic agglutination test (MAT). Positive IFA
samples were randomly chosen to test agglutinating antibody titers against 24 serovars of
live leptospires’ antigens [38]. The IFA and MAT assay protocols were conducted according
to the Department of Medical Sciences, Ministry of Public Health, Thailand.

The IFA assay was performed using a mixture of local predominant Leptospira spp.
cultures (serovars Bratislava, Autumnalis, Icterohaemorrhagiae, and Sejroe) as antigens.
The leptospiral antigen was coated onto a 21-well slide glass and air-dried. The antigen
was then fixed with cold acetone for 10 min, dried slide, and kept at −20 ◦C until used.
The sera were twofold diluted from 1:50 to 1:3200 with PBS. Each diluted sample was
applied on a slide and incubated at 37 ◦C in a moist chamber for 40 min. After washing
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the slide with PBS for 5 min, and doing this 3 times, secondary conjugated antibodies, i.e.,
rabbit anti-human IgM- and IgG conjugated FITC (Dako, Glostrup, Denmark) at a dilution
of 1:40, were separately applied onto a slide. The reaction was allowed to take place at
37 ◦C, as previously described. The slide was observed under fluorescent microscopy.
The serum samples (1:50 dilution) were initially screened for IgM and IgG antibodies to
pool leptospiral antigens using the IFA assay. Positive serum samples were then diluted
further to 2-fold serial dilutions to determine antibody titers. Following that, IgM- and
IgG-positive serum samples were defined using antibody titers of ≥1:100.
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Figure 2. Flow chart for the data collection procedures. (KII = Key Informant Interview, FGD = Focus
Group Discussion).

The MAT assay was performed by using 108 leptospires/mL of 24 serovars of Leptospira
spp. cultures as an antigen. Briefly, 50 µL of each leptospiral serovar was applied into a
micro titer plate containing 50 µL of PBS and 50 µL of diluted serum sample to make a
final concentration of 1:50. The reaction was performed with a 2-fold serial diluted serum
sample in which the final dilution was from 1:50 to 1:12, 800. The plate was gently mixed
and incubated at room temperature for 120 min. The agglutination was observed under
a dark-field microscope. The cut-off titers for the MAT-positive samples represented a
2 + agglutination titer (≥1:100), whereas the negative results showed titers <1:100.
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3. Quantitative Survey Results
3.1. Profiles of Quantitative Survey Participants

Three hundred and seventy-two participants were randomly selected, who were Thais,
and agreed to take part in the quantitative survey. Of these participants, 149 (40.1%) were
male, and 223 (59.9%) were female. Their ages ranged between 20 and 65 years, with a mean
age of 49.45 ± 12.07 years. We categorized the ages into two groups. Group 1 comprised
ages between 20 and 45 years, which was considered the active working-age group, whereas
Group 2, comprising participants aged over 45 years old, was considered the less active
working-age group. Results showed that more than half of the participants (259, 69.6%)
were older than 45 years, including 102 males and 157 females. However, 113 participants
(30.4%), including 47 males and 66 females, were aged between 20 and 45 years (Table 1).

Data collected also revealed that most participants (224, 60.2%) completed their pri-
mary educational level, which was followed by those that completed their secondary
education (62, 16.7%), vocational education (57, 15.3%), bachelor’s degree (20, 5.4%), and
more than bachelor’s degree (1, 0.3%). Only one female participant in this study had com-
pleted more than a bachelor’s degree. Additionally, the educational attainment levels were
categorized into two groups: a) those with basic educational attainment levels and b) those
with higher than the standard educational attainment level. Most of the participants had ba-
sic educational attainment levels (232, 62.4%), including 92 males and 140 females, whereas
140 participants (57 males and 83 females) completed their education higher than secondary
school level. They mainly were married (257, 69.1%), followed by a single (86, 23.1%),
including those with other marital statuses such as divorced and widows (29, 7.8%). Fur-
thermore, about half of the participants (188, 50.5%) reported their main occupation as
being agriculture-related (i.e., farm or rice field farmers), followed by temporary employees,
e.g., construction workers (62, 16.7%), vendors (41, 11.0%), having no occupation (33, 8.9%),
office workers (14, 3.8%), other occupations (14, 3.8%), government officers (10, 2.7%),
housemaids (8, 2.2%), and students (2, 0.5%). The main occupations were also grouped into
agriculture- and non-agriculture-related occupations, of which about half of the participants
(188, 50.5%) had main occupations involving agricultural tasks. In addition, 115 partici-
pants (77.2%) had their 3–6 persons in families per household, followed by ≤2 persons
per household (25, 16.8%), and >6 persons per household (9, 6.0%). Most of them also had
a low monthly family income, which was less than THB 15,000 or ≤USD 450 per month
(111, 74.5%), followed by those with THB 15,001–40,000 or USD 450.10–1333.30 per month
(35, 23.5%), and THB 40,000–70,000 or USD 1333.40–2333.30 per month (3, 2.0%). Moreover,
81 persons (54.4%) reported owning at least a car or truck in their households (Table 1).

3.2. Animal Contact Experiences

Two hundred and eighty-two participants (75.8%) reported at least one type of direct
or indirect physical contact activity with rodents. The results also revealed that 90 (24.2%)
of the participants had direct physical contact with one type of rodent through hunting
(35, 9.4%), killing (41, 11.0%), preparing food (33, 8.9%), consuming cooked meats (12,
3.2%), feeding food (4, 1.1%), cleaning feces (17, 4.6%), or cleaning carcasses (33, 8.9%)
(Table 2). It is important to note that those feeding food to rodents were individuals who
farmed bandicoots to sell inside and nearby communities. In addition, 282 participants
(75.8%) reported indirect physical contact with either one of the rodent types by seeing
them without physical contact at any locations in their lifetime (114, 30.6%) and seeing
them without any physical contact in households and communities in their lifetime (214,
57.5%) (Table 2).

3.3. Hunted, Killed, and Prepared Rodents as Food in the Past 12 Months

Table 3 shows the participants who killed rodents the most (41, 11.0%), followed by
those that hunted (35, 9.4%) and prepared rodents as food (33, 8.9%). Among all reported
rodent types, field rats were the most hunted (32, 8.6%), followed by killed (37, 9.9%) and
prepared rodents as food (32, 8.6%).
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Table 1. Sociodemographic profile distribution by gender (n = 372).

SES Variables
Males

(149, 40.1%)
n (%)

Females
(223, 59.9%)

n (%)

Total
(372, 100.0%)

n (%)

Age groups
20–30 years old 19 (12.8%) 26 (11.7%) 45 (12.1%)
31–40 years old 14 (9.4%) 21 (9.4%) 35 (9.4%)
41–50 years old 31 (20.8%) 46 (20.6%) 95 (20.7%)
51–60 years old 59 (39.6%) 87 (39.0%) 92 (39.2%)
61–65 years old 26 (17.4%) 43 (19.3%) 69 (18.5%)

Age groups (Cut-off age at 45 years old)
20 to 45 years old 47 (31.5%) 66 (29.6%) 113 (30.4%)

>45 years old 102 (68.5%) 157 (70.4%) 259 (69.9%)
Range 20–65 year old 20–65 year old 20–65 year old

Mean + SD 49.34 ± 12.15 49.52 ± 12.06 49.45 ± 12.07

Marital status
Single 34 (22.8%) 52 (23.3%) 86 (23.1%)

Married 107 (71.1%) 150 (67.3%) 257 (69.1%)
Other (divorced or widows) 8 (2.2%) 21 (9.4%) 29 (7.8%)

Educational attainment levels
No formal education 2 (1.3%) 6 (2.7%) 8 (2.2%)

Primary school 90 (60.4%) 134 (60.1%) 224 (60.2%)
Secondary school 34 (22.8%) 28 (12.6%) 62 (16.7%)

Vocational education 18 (12.1%) 39 (17.5%) 57 (15.3%)
Bachelor’s degree 5 (3.4%) 15 (6.7%) 20 (5.4%)

More than Bachelor’s degree 0 (0.0%) 1 (0.4%) 1 (0.3%)

Main occupations
No occupation 9 (6.0%) 24 (10.8%) 33 (8.9%)

Agriculture 79 (53.0%) 109 (48.9%) 188 (50.5%)
Temporary employee 35 (23.5%) 27 (12.1%) 62 (16.7%)

Office worker 5 (3.4%) 9 (4.0%) 14 (3.8%)
Vendor 11 (7.4%) 30 (13.5%) 41 (11.0%)

Government officer 1 (0.7%) 9 (4.0%) 10 (2.7%)
Housemaid 0 (0.0%) 8 (3.6%) 8 (2.2%)

Student 0 (0.0%) 2 (0.9%) 2 (0.5%)
Other occupation 9 (6.0%) 5 (2.2%) 14 (3.8%)

Number of family members
≤2 persons 25 (16.8%) 51 (22.9%) 76 (20.4%)
3–6 persons 115 (77.2%) 159 (71.3%) 274 (73.7%)
>6 persons 9 (6.0%) 13 (5.8%) 22 (5.9%)

Monthly household income
≤THB 15,000 or ≤USD 450 111 (74.5%) 172 (77.1%) 283 (76.1%)

THB 15,001–40,000 or USD 450.10–1333.30 35 (23.5%) 46 (20.6%) 81 (21.8%)
THB 40,001–70,000 or USD 1333.40–2333.30 3 (2.0%) 5 (2.2%) 8 (2.2%)

Owned a car or a truck
Yes 81 (54.4%) 135 (60.5%) 216 (58.1%)
No 68 (45.6%) 88 (39.5%) 156 (41.9%)

3.4. Consumed Animals (Either Raw or Cooked) in the Past 12 Months

As per the prompted questions, 12 of the participants (3.2%) reported consuming
the cooked meat of rodents. Brown rats were the most reported of the consumed cooked
meat (6, 1.6%), followed by bandicoots (1, 1.1%) and squirrels (2, 0.5%) (Table 3). When
probed with further questions, the participants recalled and reported different consumption
activities, among which 198 of 372 participants reported rodent consumption (198, 53.2%).
Most of them also reported consuming the rodent more than a decade ago (75, 37.9%),
followed by 1.1–10 years (45, 22.7%), within 12 months (33, 16.7%), and the last month (31,
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15.7%). Most participants reported that vendors killed these rodents (71, 35.6%). While
the participants also killed rodents (50, 25.3%) by themselves, followed by neighbors (27,
13.6%), guardians (14, 7.1%), spouses (9, 4.5%), colleagues (9, 4.5%), and other persons,
unspecified (9, 4.5%), including kids or children aged less than 18 years old (5, 2.5%),
and hunters (4, 2.0%). Most of the participants also reported cooking rodents (98, 49.6%)
by themselves, followed by neighbors (24, 12.1%), spouses (22, 11.1%), guardians (19,
9.6%), vendors (18, 9.1%), other persons, unspecified (9, 4.5%), and colleagues (4, 1.2.1%),
including kids or children aged less than 18 years old (3, 1.5%), and hunters (1, 0.5%).

Table 2. Frequency of rodent contact activities (n = 372).

Contact Activities Rodent Contact Activity Rates
n (%)

Direct or indirect physical contact activities with either one of the rodent types 282 (75.8%)

Direct physical contact with either one of the rodent types 90 (24.2%)
Hunted 35 (9.4%)
Killed 41 (11.0%)

Prepared rodents as food 33 (8.9%)
Consumed cooked meat 12 (3.2%)

Fed food to rodents 4 (1.1%)
Cleaned feces 17 (4.6%)

Cleaned carcasses 33 (8.9%)

Indirect physical contact with either one of the rodent types 282 (75.8%)
Had seen rodents without physical contact at any locations in their lifetime 114 (30.6%)

Had seen rodents without physical contact in households and communities in their lifetime 214 (57.5%)

Table 3. A summary of the hunted, killed, and prepared rodents as food, consumed raw, and cooked
for the past 12 months (n = 372).

Rodent Types (Scientific Names) Hunted Killed Prepared as Food Consumed
Cooked Meat

(n, %) (n, %) (n, %) (n, %)

At least one species of rodents 35 (9.4%) 41 (11.0%) 33 (8.9%) 12 (3.2%)
Field rat (Rattus argentiventer) 32 (8.6%) 37 (9.9%) 32 (8.6%) 0 (0.0%)
Bandicoot (Peramelemorphia) 3 (0.8%) 4 (1.1%) 4 (1.1%) 4 (1.1%)
Brown rat (Rattus norvegicus) 1 (0.3%) 3 (0.8%) 0 (0.0%) 6 (1.6%)

Ryukyu mouse (Mus caroli) 1 (0.3%) 1 (0.3%) 0 (0.0%) 0 (0.0%)
Squirrels (Sciuridae) 2 (0.5%) 0 (0.0%) 0 (0.0%) 2 (0.5%)

Tree shrew (Scandentia) 1 (0.3%) 0 (0.0%) 0 (0.0%) 1 (0.3%)

Furthermore, most participants consumed the rodents annually (61, 30.8%), followed
by those who consumed these rodents every 3 months (46, 23.2%), every 6 months (26,
13.1%), and every month (22, 11.2%). Some participants also consumed rodents more
than twice per year (17, 8.6%), including every week (4, 2.0%) and every day (1, 0.5%).
Nevertheless, some consumed rodents as recently as a month ago (62, 31.3%), followed by
within 12 months (55, 27.8%), within 1.1–10 years (43, 21.7%), more than 10 years (17, 8.6%),
within the week (11, 5.6%), and the previous week (10, 5.1%).

Additionally, results showed that the most accessible rodent meat sources were from
trapping in rice fields (86, 43.5%), followed by getting from vendors at the local markets (72,
36.4%), then from neighbors (21, 10.6%), forests (5, 2.5%), relatives (5, 2.5%), other sources,
unspecified (4, 2.0%), within households (3, 1.5%), and no answers (2, 1.0%).

3.5. Being Bitten by Rodents, including the Period, and Practices toward Wounds

The participants reported that rodents did bite 25 persons (6.7%). They also reported
being bitten by rodents themselves (13, 52.0%) during 1.1–10 years, followed by those bitten
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more than 10 years ago (8, 32.0%), and within the past 12 months (2, 8.0%). For treatment,
they reported cleaning the wound with water immediately once they were bitten by the
rodents (7, 28.0%), followed by meeting with doctors or nurses at health facilities (5, 20.0%),
and cleaning the wound with soap, water, and antiseptic solutions immediately (4, 16.0%).
Surprisingly, 5 of them (20%) did nothing when the rodents bit them.

3.6. Feeling toward Animals and Zoonotic Diseases

Among the 282 participants who reported at least one of direct and indirect physical
contact activity with rodents, they reported varying feelings toward the feces of rodents in
the following ways: some felt neutral (137, 48.6%), others felt dirty (40, 14.2%) or abominate
(33, 11.7%), whereas others thought of the possibility of the feces causing infections (22,
7.8%), some were afraid of it (11, 3.9%), and the rest had other feelings (1, 0.4%).

They also reported feelings toward the carcasses of the rodents in the following ways:
some felt neutral (115, 40.8%), others felt abominate (44, 15.6%) or dirty (38, 13.5%), whereas
some thought of the possibility of carcasses causing infection (22, 7.8%), others were afraid
of it (11, 3.9%), and the rest had other feelings (3, 1.0%).

3.7. Medical Histories

For the past 12 months, 372 participants reported the following self-identification
symptoms: headache (197, 53.0%), high fever (132, 35.5%), muscle pain (119, 32.0%), nausea
(53, 14.2%), vomiting (47, 12.6%), myalgia (42, 11.3%), and rash (36, 9.7%). In the past
month, they also reported headaches (107, 28.8%), followed by muscle pain (73, 19.6%),
feeling of high fever (39, 10.5%), myalgia (23, 6.2%), rash (16, 4.3%), nausea (11, 3.0%), and
vomiting (7, 1.9%).

3.8. Leptospirosis Prevalence Study among the Study Subjects

Single serum samples (n = 372) were then examined for IgM and IgG antibody titers
to predominantly local leptospiral serovars using the IFA assay. Of the 372 serum samples
tested, 10 samples (2.7%) had positive IgM titers of ≥1:100 dilutions, and 44 samples (11.8%)
gave antibody IgG titers of ≥1:100 (five persons were seropositive for both IgM and IgG).
Details of the positive serum samples to Leptospira spp. by IFA assay is shown in Table 4.

Furthermore, IgM-positive samples (10 samples) were picked up to determine MAT
titers. All samples had MAT titers of <1:100. In this study, out of the 372 participants,
169 had detectable IgM or IgG to leptospirosis (titers ≥ 1:50) with a seroprevalence of
45.5%. The IgM antibodies resulted in positives against selected predominant local serovar
antigens, including Autumnalis, Bratislava, Icterohaemorrhagiae, and Sejroe.

Therefore, only 10 IgM results were used for further analysis steps since this study
would like to determine the current leptospirosis infection due to current rodent and other
animal exposure activities.

Table 4. Positive serum samples to Leptospira spp. by IFA assay.

Serum ID IgM Titers IgG Titers
56 1:100 <1:50

171 1:100 <1:50
174 1:200 <1:50
196 1:100 1:100
197 1:100 1:100
198 1:100 1:50
199 1:100 1:200
200 1:100 1:50
203 1:100 1:100
273 1:100 1:200

Nine sociodemographic variables, including seven knowledge, attitude, and practice
(KAP) variables, in addition to twenty-one participants exposed to animals, were analyzed
in the univariate analysis step against positive leptospirosis IgM titer laboratory results
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(Table 5). Among the 10 leptospirosis-positive IgM titer cases tested, 5 of them were males
(50.0%). Their mean age was 47.7 years. Unfortunately, following the univariate analysis
results, sociodemographic and KAP variables were insufficient for use in the next logistic
regression step to determine the association between the risk factors and laboratory results
(Table 5).

Table 5. Univariate analysis of IgM for leptospirosis laboratory results concerning the study popu-
lation’s sociodemographic characteristics, and Knowledge, Attitude, and Practice (KAP) variables
(n = 372).

Variables Total
(n = 372)

Leptospirosis Results Crude OR
(95% CI) p-Value

Positive (n = 10) Negative (n = 362)

Sociodemographic (SES) information (9 variables)

Gender

Male 149
(40.1%) 5 (50.0%) 144 (39.8%) 1.51

(0.43–5.32) 0.53

Female 223
(59.9%) 5 (50.0%) 218 (60.2%) 1(ref)

Age groups

20–45 years 113
(30.4%) 3 (30.0%) 110 (30.4%) 0.98

(0.25–3.87) 1.00

>45 years 259
(69.6%) 7 (70.0%) 252 (69.6%) 1(ref)

Marital status

Married 257
(69.1%) 8 (80.0%) 249 (68.8%) 1.86

(0.38–8.69) 0.73

Other marital status 115
(30.9%) 2 (20.0%) 113 (31.2%) 1(ref)

Educational attainment

Basic educational attainment level 232
(62.4%) 5 (50.0%) 227 (62.7%) 0.60

(0.17–2.09) 0.51

Other educational attainment levels 140
(37.6%) 5 (50.0%) 135 (37.3%) 1(ref)

Main occupations

Agriculture-related occupation 188
(50.5%) 7 (70.0%) 181 (50.0%) 2.33

(0.59–9.17) 0.34

Non-agriculture-related occupation 184
(49.5%) 3 (30.0%) 181 (50.0%) 1(ref)

Secondary occupations

Agriculture-related occupation 39
(10.5%) 2 (20.0%) 37 (10.2%) 2.20

(0.45–10.73) 0.28

Non-agriculture-related occupation 333
(89.5%) 8 (80.0%) 325 (89.8%) 1(ref)

Numbers of family members

≤2 persons 76
(20.4%) 1 (10.0%) 75 (20.7%) 0.43

(0.05–3.41) 0.69

>2 persons 296
(79.6%) 9 (90.0%) 287 (73.2%) 1(ref)

Monthly household income

≤THB 15,000 or ≤USD 450 283
(76.1%) 9 (90.0%) 274 (75.7%) 2.89

(0.36–23.14) 0.46

>THB 15,001 or >USD 450 89
(23.9%) 1 (10.0%) 88 (24.3%) 1(ref)

Owned a car or a truck

Yes 216
(58.1%) 6 (60.0%) 210 (58.0%) 1.09

(0.30–3.91) 1.00

No 156
(41.9%) 4 (40.0%) 152 (42.0%) 1(ref)
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Table 5. Cont.

Variables Total
(n = 372)

Leptospirosis Results Crude OR
(95% CI) p-Value

Positive (n = 10) Negative (n = 362)

Sociodemographic (SES) information (9 variables)

Knowledge, Attitude, and Practice (KAP) (7 variables)
Knowledge score on animals and zoonotic diseases

≥80% 228
(61.3%) 6 (60.0%) 222 (61.3%) 0.95

(0.26–3.41) 1.00

<80% 144
(38.7%) 4 (40.0%) 140 (38.7%) 1(ref)

Attitude score toward rodents

≥80% 66
(17.7%) 0 (0.0%) 66 (18.2%) 1.03

(1.01–1.06) 0.22

<80% 306
(82.3%) 10 (100.0%) 296 (81.8%) 1(ref)

Practice score toward rodents

≥80% 24
(6.5%) 0 (0.0%) 24 (6.6%) 1.03

(1.01–1.05) 1.00

<80% 348
(93.5%) 10 (100.0%) 338 (93.4%) 1(ref)

OR = Odds Ratio, CI = Confidence Interval, ref = Reference values.

In addition, univariate analysis results in Table 5 showed that the participants reported
contacting cats in the past 12 months (OR = 7.13, 95% CI 0.89–56.86, p = 0.05), hunting
rodents of at least one type (OR = 4.42, 95% CI 1.09–17.93, p = 0.06), hunting field rats
(OR = 4.92, 95% CI 1.21–20.05, p = 0.05), killing rodents of at least one type (OR = 3.65, 95%
CI 0.91–14.72, p = 0.09), and feeding food to bandicoots (OR = 41.22, 95% CI 21.62–78.60,
p = 0.03) (Table 6). Unfortunately, this behavior was not statistically significant.

3.9. Rodent Exposure Levels

For the rodent exposure-level analysis, two variables (gender and monthly household
income) were eligible for the logistic regression analysis (Table 7). The logistic regression re-
sults showed that the male gender was statistically significant with reports of encountering
rodents about 3.14 times (Adjusted OR = 3.14, 95% CI 1.91–5.14, p < 0.001) (Table 7). Addi-
tionally, villagers who had low monthly household incomes (≤THB 15,000 or USD 450) had
lowered encounters with rodents, when compared with those who had monthly income
levels about 0.57 times higher (Adjusted OR = 0.57, 95% CI 0.33–0.99, p = 0.04) (Table 8).

Table 6. Univariate analysis of leptospirosis laboratory results concerning animal contacts (n = 372).

Variables Total Leptospirosis Results Crude OR
(95% CI) p-Value

(n = 372) Positive (n = 10) Negative (n = 362)
Contacted with the animals in the past 12 months

Cats

Yes 211
(56.7%) 9 (90.0%) 202 (55.8%) 7.13

(0.89–56.86) 0.05 *,**

No 161
(43.3%) 1 (10.0%) 160 (44.2%) 1(ref)

Hunted animals in the past 12 months
At least one type of rodents

Yes 35
(9.4%) 3 (30.0%) 32 (8.8%) 4.42

(1.09–17.93) 0.06 *,**

No 337
(90.6%) 7 (70.0%) 330 (91.2%) 1(ref)

Field rat

Yes 32
(8.6%) 3 (30.0%) 29 (8.0%) 4.92

(1.21–20.05) 0.05 *,**
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Table 6. Cont.

Variables Total Leptospirosis Results Crude OR
(95% CI) p-Value

No 340
(91.4%) 7 (70.0%) 333 (92.0%) 1(ref)

Killed animals in the past 12 months
At least one type of rodents

Yes 41
(11.0%) 3 (30.0%) 38 (10.5%) 3.65

(0.91–14.72) 0.09 *,**

No 331
(89.0%) 7 (70.0%) 324 (89.5%) 1(ref)

Fed food to rodents

Bandicoot

Yes 1
(18.8%) 1 (10.0%) 0 (0.0%) 41.22

(21.62–78.60) 0.03 *,**

No 371
(81.2%) 9 (90.0%) 362 (100.0%) 1(ref)

* p-value < 0.15 as cut-off point to further analysis of the logistic regression. ** p-value < 0.05 as statistically
significant. OR = Odds Ratio, CI = Confidence Interval.

Table 7. Univariate analysis of rodent exposure levels concerning sociodemographic characteristics,
and Knowledge, Attitude, and Practice (KAP) variables.

Variables Total
(n = 372)

Rodent Exposure Level Crude OR
(95% CI) p-Value

Direct
(n = 90)

Indirect
(n = 282)

Sociodemographic (SES) information (9 variables)
Gender

Male 149
(40.1%)

55
(61.1%)

94
(33.3%)

3.14
(1.92–5.13) <0.01 *,**

Female 223
(59.9%)

35
(38.9%)

188
(66.7%) 1(ref)

Age groups

20–45 years 113
(30.4%)

31
(34.4%)

82
(29.1%)

1.28
(0.77–2.12) 0.36

>45 years 259
(69.6%)

59
(65.6%)

200
(70.9%) 1(ref)

Marital status

Married 257
(69.1%)

63
(70.0%)

194
(68.8%)

1.06
(0.63–1.77) 0.90

Other marital status 115
(30.9%)

27
(30.0%)

88
(31.2%) 1(ref)

Educational attainment levels

Basic educational attainment level 232
(62.4%)

55
(61.1%)

177
(62.8%)

0.93
(0.57–1.16) 0.80

Other educational attainment levels 140
(37.6%)

35
(38.9%)

105
(37.2%) 1(ref)

Main occupations

Agriculture-related occupation 188
(50.5%)

51
(56.7%)

137
(48.6%)

1.38
(0.86–2.23) 0.19

Non-agriculture-related occupation 184
(49.5%)

39
(43.3%)

145
(51.4%) 1(ref)

Secondary occupations

Agriculture-related occupation 39
(10.5%)

10
(11.1%)

29
(10.3%)

1.09
(0.51–2.34) 0.84

Non-agriculture-related occupation 333
(89.5%)

80
(88.9%)

253
(89.7%) 1(ref)
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Table 7. Cont.

Variables Total
(n = 372)

Rodent Exposure Level Crude OR
(95% CI) p-Value

Direct
(n = 90)

Indirect
(n = 282)

Numbers of family members

≤2 persons 76
(20.4%)

20
(22.2%)

56
(19.9%)

1.15
(0.65–2.05) 0.65

>2 persons 296
(79.6%)

70
(77.8%)

226
(80.1%) 1(ref)

Monthly household income

≤THB 15,000 or ≤USD 450 283
(76.1%)

61
(67.8%)

222
(78.7%)

0.57
(0.34–0.96) 0.05 *,**

>THB 15,001 or >USD 450 89
(23.9%)

29
(32.2%)

60
(21.3%) 1(ref)

Sociodemographic (SES) information (9 variables)
Owned a car or a truck

Yes 216
(58.1%)

53
(58.9%)

163
(57.8%)

1.05
(0.65–1.69) 0.90

No 156
(41.9%)

37
(41.1%)

119
(42.2%) 1(ref)

Knowledge, Attitude, and Practice (KAP) (7 variables)
Knowledge score on animals and zoonotic diseases

≥80% 228
(61.3%)

57
(63.3%)

171
(60.6%)

1.12
(0.69–1.83) 0.71

<80% 144
(38.7%)

33
(36.7%)

111
(39.4%) 1(ref)

Attitude score toward rodents

≥80% 66
(17.7%)

17
(18.9%)

49
(17.4%)

1.11
(0.60–2.04) 0.75

<80% 306
(82.3%)

73
(81.1%)

233
(82.6%) 1(ref)

Practice score toward rodents

≥80% 24
(6.5%)

4
(4.4%)

20
(7.1%)

0.61
(0.20–1.83) 0.47

<80% 348
(93.5%)

86
(95.6%)

262
(92.9%) 1(ref)

* p-value < 0.15 as a cut-off point to further analysis of the logistic regression. ** p-value < 0.05 as statistically
significant. OR = Odds Ratio, CI = Confidence Interval.

Table 8. Comparison between results of the univariate and multivariate of rodent exposure levels.

Factors
Univariate Multivariate

Crude OR
(95% CI) p-Value Adjusted OR

(95% CI) p-Value

Gender

Male 3.143
(1.924–5.134) <0.001 ** 3.137

(1.914–5.139) <0.001 **

Female 1(ref)

Monthly household income

≤THB 15,000 or ≤USD 450 0.568
(0.336–0.962) 0.046 ** 0.57

(0.332–0.985) 0.044 **

>THB 15,001 or >USD 450.10 1(ref)

** Statistically significant at p < 0.05. OR = Odds Ratio, CI = Confidence Interval. THB = Thai Baht and
UCD = United States dollar.
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4. Qualitative Data Collection Results
4.1. Profiles of Qualitative Study Participants

A total of 35 persons participated in the study, including 11 persons (6 males and
5 females) who participated in KIIs, whereas 24 participants (12 males and 12 females)
participated in the FGDs. The participants’ mean age ± SD was 45.0 ± 9.26 years, with
age ranges (minimum and maximum) between 21 to 58 years old. Most of them were
agriculture-related farmers (37.1%), followed by food vendors (25.7%), government em-
ployees (17.1%), self-employed and seasonal workers (14.3%), and monks (5.7%). However,
among the 11 KII participants, 2 non-human primate-feeding food vendors, 2 bat guano
(feces) collectors, 2 rodent hunters, 2 community leaders, and 3 government staff from
the municipality, conservation office, and health-promoting hospital were participants.
The participants described their contact characteristics with rodents, bats, and non-human
primates differently.

4.2. Rodent Contact Characteristics among the Qualitative Participants

Two rodent hunters aged between 45 and 55 years old were interviewed. Their main
occupations were farming, whereas the other was a temporary employee who assisted in
farming activities around the subdistrict.

These participants reported contact with different types of rodents, especially great
bandicoots, field rats, roof rats, Ryukyu mice, Polynesian rats, brown rats, also known
as rats or Noo, squirrels, and tree shrews. They found and directly contacted field rats,
bandicoots, and Ryukyu mice around their rice fields and farms at least once a month while
working. However, regularly, Ryukyu mice and brown rats were found inside and around
their households.

From their reports, great bandicoots were also among the rodents that the villagers
found in their areas. These were the heaviest rodents found, which weighed around
1 kg. Furthermore, they were characterized by stiff hair and stayed around rice fields.
Additionally, their diet includes snails, cassava, and rice, and they can dive underwater.

Reports also revealed that field rats, or bandicoots, had a medium size of around 600 g
and liked to stay together with their family members. They also liked to stay in rice fields
and destroy crops, including rice. “Bandicoot likes to stay with their family members”, (a
male FGD participant, FGD002).

However, the participants concluded that great bandicoots, field rats, and small
bandicoots were similar species. “Field rats, bandicoots, and great bandicoots are the same
ones”, (a male FGD participant, FGD001).

Roof rats were the smallest rodents reported, with these rodents having three giant
fingers and living in rice fields. They were also reported to have white hair under their
abdomens and have long sharp mouths. According to the reports, they lived on trees and
ate everything, including fruits, corn, cassava, and snails. Rodent hunters do not like to
have this type of rodent because they are tiny.

Alternatively, reports revealed that Polynesian rats and Ryukyu mice were small and
liked finding their food at nighttime, making people call them Ghost Rats or Soricines
(Shrews). Polynesian rats also make a sound that sounds like “Jeed Jeed”. However, these
rats can run the fastest.

4.3. Rodent Contact Activities and Their Perception toward Rodents

Various rodent contact activities were reported among the villagers, such as hunting,
consumption, and selling them to their friends and neighbors. Males, who like to drink
alcohol, were prominent persons who hunted, killed, and prepared the field rodents before
cooking or selling them to their friends or neighbors. Meats were also sold fresh (after
removing the intestine and internal organs) or cooked, such as in a curry or fry. However,
hunters touched, hunted, killed, and prepared the rodents with bare hands and cleaned
their hands with only fresh water without any soap, because some of them (hunters) do not
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think these rodents have diseases. Nevertheless, they perceived that leptospirosis infections
occurred because of the uncooked rodent meat.

Reports also revealed that the rodent hunting season is from October to February.
Hunters have therefore sold them around THB 150 or USD 30 per kilogram. Menus for
cooking the rodents are dried frying with spicy ingredients, frying with vegetables, mixing
their meats with curry pastes, and frying with garlic or pepper. Thus, every gender and
age group has consumed rodent meat together, and if any family does not eat the rodents,
those family members will not consume the rodents either.

Nowadays, people have less contact with rodents than in previous times because
many rodent hunters exist and there are new methods for plowing rice fields using a tractor
that destroys many rodent babies in the fields. Furthermore, many snakes that eat rodents
also live in the fields.

4.4. Benefits and Disadvantages of Rodents

Benefits of rodents were also reported, such as their serving as a source of additional in-
come by selling these rodents and their meat as food. In contrast, rodents also destroy their
belongings, crops, and plants. Some participants also reported that rodents transmitted
leptospirosis infections.

4.5. Mitigation Strategies to Be Protected from Rodents and Diseases

Feedback from the participants also revealed that they used several methods to protect
rodents from destroying their belongings and crops. In households, they used traps, glue
traps, and ratsbane to eliminate the rats. In contrast, they used the tractor to kill them
during the harvesting period, killing more than 10 kg at a time. The villagers also reported
using boots while they worked on the fields and traps that they got from the Chaiyapom
province (Figure 3).
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Additionally, the local health-promoting hospital (HPH) previously organized a cam-
paign to promote information on leptospirosis to inform the villagers on the use of ap-
propriate prevention while they worked in their fields and had wounds. This prevention
comprised wearing long boots, protecting themselves from wounds, and if they had any
fever or relevant symptoms, they were mandated to seek treatment at the HPH immediately.

5. Discussion and Conclusions

This study showed that participants came into contact with rodents of different species
based on their locations, occupations, and activities. Furthermore, the rodents were hunted,
killed, prepared as food, and consumed cooked in several menus. Male hunters were most
exposed to the rodents because they hunted, killed, cooked, and sold the hunted rodents to
their friends and neighbors.

This cross-sectional survey also showed that only the male gender showed significant
(OR = 3.137, 95% CI 1.914–5.139, p < 0.001) statistical rates of encountering rodents. This
result was in line with results of a study was conducted at the Mpumalanga province of
South Africa, which found that the male gender-typed tasks included those associated with
livestock and poultry husbandry, hunting, and slaughtering wildlife and rodent control [39].
Another study at the Khon Kaen Province, a northeastern province of Thailand, in 2011 also
revealed that males were associated with highly reported rates of rodent consumption [31].

This current study also found that persons with high monthly household incomes
(more than THB 15,000 or around USD 450) encountered rodents about twice as frequently
as persons with lower income levels. The findings were comparable with the Khon Kaen
study [34] that having a car and living in a home with wooden walls were positively and
marginally significantly associated with rodent contact in or near the home. This Khon
Kaen study indicated that possessing a car and living in a house with wooden walls might
imply a higher socioeconomic status.

5.1. Rodent as Food

This study also showed that the rodent consumption rate for the past 12 months
through prompted questions was 3.2%, while through the probed question, the result was
53.2%. These results are compatible with previous studies in various locations, such as
in Cambodia, Laos, Myanmar, parts of the Philippines and Indonesia, other provinces of
Thailand, Ghana, China and Vietnam where people consumed rodents as food [31,32,40,41].

The Khon Kaen study [31] also showed that 113 (56.2%) of 201 participants (39 fe-
males and 74 males) consumed at least one type of rodent. Among these 113 participants,
104 (92.0%), 4 (3.5%), 6 (5.3%), 33 (29.2%), 19 (16.8%), and 3 (2.7%) consumed only rats (no
specific species), including field rats, squirrels, burrowing squirrels, flying squirrels, and
porcupines, respectively. Another study [32] in 29 villages of the Khamkeuth District in
the Bolikhamxay Province of Laos PDR in 2013 found that among the 584 study partici-
pants, 39.9% of them hunted or captured rodents and it also showed that 77.7% of them
prepared rodents as food, whereas 86.3% consumed rodents as food. The above could be an
evidence-based information that the rodent consumption behavior of the northern region
of Thailand and Lao PDR people was similar.

A study in the Republic of Guinea [40] showed that peridomestic rodents were hunted
as a protein source by 91.5% of the Gueckedou Prefecture population. Additionally, a study
in Benin [42] showed that more than 75.0% of the village populations ate grasscutters, giant
rats, grass rats, and crested porcupines. In comparison, other rodent types consumed by
51–75% of the Beninese village population were rodents, as these rodents were considered
animal protein sources.

However, this present study had a lower prevalence of rodent consumption than the
previous mentioned studies, especially with the prompted question method. The result was
different because the study participants were afraid to inform the researchers of their actual
consumption behavior at first. Additionally, the cultures of the people living in the central
region were different from those living in the Isan (northeastern) region of Thailand or Lao
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PDR, which had more exposure to and consumption of wildlife animals than the people
living in the current study areas. However, we consider that this is the first study that
reported rodent consumption rates among villagers living in the central region of Thailand.

5.2. KAP and Mitigation Measures for Interacting with Rodents

This study found fascinating information that hunters touched, hunted, killed, and
prepared the rodents as food with bare hands and cleaned their hands with only fresh
water without any soap. According to our findings, some of them (hunters) did not believe
rodents carried diseases. They also believed that leptospirosis infections occurred because
of consuming the uncooked rodent meat. Therefore, even though the HPH previously
provided leptospirosis health promotion campaigns, the knowledge might not have reached
these hunters, which could be barriers to them changing their KAP. The findings were
consistent with those of an Indian study [43], which also showed that populations in
both rural and urban areas were less knowledgeable about risk factors and practiced poor
rodent contact behaviors. Interestingly, points from this India study showed that although
education had a significant impact on the knowledge and attitudes of the urban population,
their practices did not improve with education.

5.3. Seroprevalence of Leptospirosis among the Study Participants

As several scoping visits and reviews of health statistics at HPHs and the PHO reported
villagers had close-contact activities with rodents. The health data also showed some cases
of fever of unknown origin (FUO) in the study areas. Additionally, the villagers had
agriculture-related occupations that were possible risk factor for leptospirosis infections.
Therefore, this study used leptospirosis as a “proxy indicator” to determine the exposure
activities of villagers to animals in the study areas to obtain the seroprevalence rate among
people who have close-contact activities with the rodents.

A previous study showed that laboratory criteria for seroprevalence studies among
subjects varied, ranging from a MAT titer of ≥1:20–1:200, with an average MAT titer
of ≥1:80. ELISA or IFA were used to detect the presence of specific IgM antibodies in this
study [44]. In our current study, individuals who presented specific IgM and IgG antibody
titers of ≥1:100 were considered seropositive samples and samples that had an IFA titer
of ≥1:100 (n = 39) on either IgM or IgG antibodies were considered seropositive samples.
As a result, the prevalence of leptospirosis among the study subjects at the Banphot Pisai
district was 10.5% (39 of 372 study participants). If the cut-off titer for an IgG antibody was
set at ≥1:400 in accordance with leptospirosis diagnostic criteria, seroprevalence could be
calculated to be 2.7% among only IgM-positive samples.

Additionally, the study was done in an area that is non-endemic to leptospirosis during
the rainy season (July to September) in 2019, which might flood in the study district’s wet
season. As a result, villagers were expected to have been exposed to Leptospira pathogens
from infected animals, contaminated environments, or occupation-related activities. IgG
seroprevalence of leptospirosis among participants was also proposed from the pre-existing
IgG antibody in response to previous pathogen exposure, whereas IgM seropositive sam-
ples among subjects would also arise from asymptomatic infection. Similarly, additional
studies showed a seroprevalence of leptospirosis in human ranging from 0.0% to 83.5%,
depending on disease endemicity and risks of exposure to animal reservoirs [44]. Thus,
Chadsuthi et al. [45] found a 23.7% MAT-positive seroprevalence among suspected lep-
tospirosis patients in Thailand during 2010–2015, with the predominant serovars Shermani,
Bratislava, Panama, and Sejroe, whereas leptospirosis detected a 28.0% IgG seroprevalence
in young Thai men during 2007–2008 [46]. The identification of the pathogenic serovar
has larger implications for the epidemiological investigation of animal reservoirs and po-
tential zoonotic transmission. In this current investigation, IgM antibodies were positive
against selected predominant local serovar antigens, including Autumnalis, Bratislava,
Icterohaemorrhagiae, and Sejroe. Furthermore, infecting serovars in domestic animals
in Thailand were Bratislava, Mini, and Sejroe. In a similar study, a survey of cattle and
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buffaloes in the lower northeastern areas revealed the dominant infecting serovars as
Shermani, Ranarum, and Tarassovii [47], whereas a survey in stray dogs showed an 84.0%
seroprevalence to serovar Batavia. Hence, rodents are the main source of infected serovars
(Pyrogenes, Batavia, Autumnalius, Javanica, and Australis) [48].

The seroprevalence rate for IgM and IgG-positive samples in this study was relatively
high (45.4%), while the seroprevalence rate for positive IgM was low among study partici-
pants (2.4%). These values were less comparable to those found in previous investigations
in Thailand, especially in northeastern Thailand [49,50]. Similarly, the study’s reduced
seroprevalence rate might be attributed to the villagers’ receiving health education from
HPH officials several years ago, particularly during Thailand’s leptospirosis epidemics. As
a result, the villagers have been employing a variety of human protection measures (e.g.,
boots) and mitigation strategies (e.g., traps and trac-tors) to eradicate rats from their rice
and agriculture fields. Moreover, unlike hospital-based studies, this study was undertaken
among the general community population. Therefore, the numbers should be even lower
than those reported in other research, particularly in areas with endemic leptospirosis.

A previous study [51] revealed that the national leptospirosis incident rates declined
from 23.1 to 5.9 per 100,000 people. We assumed that our study results were the outcome
of the national and local health offices’ active and repeated communication and health
promotion intervention activities to promote systematic rodent control, educate villagers
as to proper sanitation and hygiene practices, and promote the use of boots and gloves
when working on farms. Therefore, the seroprevalence rate of 2.7% was understandable,
particularly in locations with no past leptospirosis outbreaks. In addition, this result was
the first report of leptospirosis seroprevalence in this location, which the data can be used
to guide future relevant research in this province and the central region.

Additionally, this study demonstrated by univariate analysis that study participants
came into contact with a variety of rodents associated with leptospirosis infections. They
did, however, interact with other animal species, including domestic (e.g., cats) and wild
(e.g., bats and long-tailed macaques). This finding is thought to have caused leptospirosis
infections, as these animals are considered leptospirosis reservoirs and were in line with
previous studies indicating that close contact with domestic and wild animals increased the
chance of leptospirosis infections [28]. Therefore, a follow-up study with a larger sample
size and individuals who have had interaction with various animal species should be
investigated to confirm the aforementioned results.

5.4. Study Limitations

This study asked about their previous experiences contacting rodents; therefore, recall
bias would be one of the limitations. The participants might not recall their experiences,
locations, and contact times with the rodents.

This current study found a low seroprevalence rate, but it was within expectations
since the current study areas had no previous reports of leptospirosis outbreaks, and the
target populations were not considered leptospirosis patients. In addition, even though
the villagers were exposed to rodents regularly, especially in their agricultural settings,
the qualitative study results showed that the villagers were provided health education on
leptospirosis through local health staff several years ago during Thailand’s leptospirosis
outbreaks and flooding events in this area which the villagers consequently have been using
various personnel protective methods (e.g., booths) and mitigation strategies (e.g., traps
and tractors) to eliminate the rats in their rice and farm fields. Therefore, the leptospirosis
seroprevalence rate could be lower than those reported in other studies, especially in the
areas where leptospirosis is endemic.

Moreover, the results of this study could not represent Nakhon Sawan province but
were only for Khao Nor and Khao Kaew, which have various types of domestic and wildlife
(e.g., bats and non-human primates) animals in the areas. However, these findings may
be generalized to locations with the same types of animals or similar environmental and
animal habitat characteristics, such as Lopburi province.
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5.5. Recommendations

We recommend that communication intervention should be planned to provide ap-
propriate knowledge and promote an appropriate attitude toward animals, contact charac-
teristics, and zoonotic diseases, including how to practice these protocols appropriately,
especially among persons who have had close contact with rodents, such as hunters and
vendors selling rodent meat.

Health education activities about zoonotic diseases and mitigation measures led
by local health facilities should also be implemented. Furthermore, local health staff,
authorities, and village health volunteers (VHVs) should be educated on the possible
zoonotic diseases that can be contracted from animals, in addition to providing training on
mitigation measures and motivating them to communicate with villagers about the impact
of contracting any diseases from animals, especially rodents and other types of domestic
and wildlife animals. Various mass and social media communication platforms should also
be considered as a medium to implement these behavioral change intervention activities.

The results should inform relevant policymakers to educate the public on having
appropriate practices for direct and indirect physical contact with rodents and other animals.
These may assist in reducing the risk of leptospirosis and other rodent-borne diseases in
the study area and Thailand.

Additionally, further research on seroprevalence studies conducted among popula-
tions who have had contact with various animals (both domestic and wildlife) should be
conducted. Based on the results of this current study, people who had contact with cats,
hunted any species of rodents or field rats, those that killed rodents, and those that cleaned
the feces of bandicoots had a potential risk of leptospirosis infections per univariate analysis
results because these animals are considered hosts for leptospirosis. A larger sample size
should be considered for future studies. The benefits of the seroprevalence rates should
also be considered for further studies concerning environmental factors and animals.

Author Contributions: Conceptualization, K.S., N.S., P.M., S.Y. and P.S.; data collection, K.S., C.S.
and N.P.; resources, N.P.; data analysis, K.S., N.S. and S.Y.; laboratory analysis, S.M., W.S. and S.S.;
writing—original draft preparation, K.S.; writing—review and editing, N.S., P.M., S.Y., K.B., S.M.,
W.S., S.S. and P.S. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported using a Research Grant from the Faculty of Tropical Medicine,
Mahidol University, Fiscal Year 2019.

Institutional Review Board Statement: The Ethics Committee of the Faculty of Tropical Medicine,
Mahidol University (MUTM 2019-057-01) approved this study on 30 July 2019. An agreement from
Nakhon Sawan Provincial Health Office was also obtained to conduct this research in their province
and study are-as. The staff of local health offices also provided cooperation and coordination during
fieldwork activities.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We sincerely thank the Nakhon Sawan Provincial Chief Medical Officer, includ-
ing Ban Daen Health Promoting Hospital staff, for their cooperation and assistance during research
implementation. We greatly thank Prasoot Puangsombat, Thanomsin Ponlap, Worakamol Thongkan,
Kannika Thammasutti, and the field data collection team for their support during the qualitative and
quantitative data collection in the understudied areas.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Racaniello, V.R. Emerging infectious diseases. J. Clin. Investig. 2004, 113, 796–798. [CrossRef] [PubMed]
2. Taylor, L.H.; Latham, S.M.; Woolhouse, M.E. Risk factors for human disease emergence. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci.

2001, 356, 983–989. [CrossRef] [PubMed]

http://doi.org/10.1172/JCI21370
http://www.ncbi.nlm.nih.gov/pubmed/15067308
http://doi.org/10.1098/rstb.2001.0888
http://www.ncbi.nlm.nih.gov/pubmed/11516376


Vet. Sci. 2022, 9, 85 20 of 21

3. Wolfe, N.D. Bushmeat Hunting, Deforestation, and Prediction of Zoonotic Disease Emergence. Emerg. Infect. Dis. 2005, 11,
1822–1827. [CrossRef] [PubMed]

4. Jones, K.E.; Patel, N.G.; Levy, M.A.; Storeygard, A.; Balk, D.; Gittleman, J.L.; Daszak, P. Global trends in emerging infectious
diseases. Nature 2008, 451, 990–993. [CrossRef]

5. Keawcharoen, J.; van den Broek, J.; Bouma, A.; Tiensin, T.; Osterhaus, A.D.; Heesterbeek, H. Wild birds and increased transmission
of highly pathogenic avian influenza (H5N1) among poultry, Thailand. Emerg. Infect. Dis. 2011, 17, 1016–1022. [CrossRef]

6. Baudel, H.; De Nys, H.; Mpoudi Ngole, E.; Peeters, M.; Desclaux, A. Understanding Ebola virus and other zoonotic transmission
risks through human-bat contacts: Exploratory study on knowledge, attitudes and practices in Southern Cameroon. Zoonoses
Public Health 2019, 66, 288–295. [CrossRef]

7. Oosterom, J. Epidemiological studies and proposed preventive measures in the fight against human salmonellosis. Int. J. Food
Microbiol. 1991, 12, 41–51. [CrossRef]

8. Blasdell, K.; Cosson, J.F.; Chaval, Y.; Herbreteau, V.; Douangboupha, B.; Jittapalapong, S.; Lundqvist, A.; Hugot, J.P.; Morand, S.;
Buchy, P. Rodent-borne hantaviruses in Cambodia, Lao PDR, and Thailand. Ecohealth 2011, 8, 432–443. [CrossRef]

9. Victoriano, A.F.; Smythe, L.D.; Gloriani-Barzaga, N.; Cavinta, L.L.; Kasai, T.; Limpakarnjanarat, K.; Ong, B.L.; Gongal, G.; Hall, J.;
Coulombe, C.A.; et al. Leptospirosis in the Asia Pacific region. BMC Infect. Dis. 2009, 9, 147. [CrossRef]

10. Quinn, E.K.; Massey, P.D.; Cox-Witton, K.; Paterson, B.J.; Eastwood, K.; Durrheim, D.N. Understanding human-bat interactions
in NSW, Australia: Improving risk communication for prevention of Australian bat lyssavirus. BMC Vet. Res. 2014, 10, 144.
[CrossRef]

11. Gurley, E.S.; Hegde, S.T.; Hossain, K.; Sazzad, H.M.S.; Hossain, M.J.; Rahman, M.; Sharker, M.A.Y.; Salje, H.; Islam, M.S.;
Epstein, J.H.; et al. Convergence of Humans, Bats, Trees, and Culture in Nipah Virus Transmission, Bangladesh. Emerg. Infect.
Dis. 2017, 23, 1446–1453. [CrossRef]

12. Robertson, K.; Lumlertdacha, B.; Franka, R.; Petersen, B.; Bhengsri, S.; Henchaichon, S.; Peruski, L.F.; Baggett, H.C.; Maloney, S.A.;
Rupprecht, C.E. Rabies-related knowledge and practices among persons at risk of bat exposures in Thailand. PLoS Negl. Trop. Dis.
2011, 5, e1054. [CrossRef] [PubMed]

13. de Zwart, O.; Veldhuijzen, I.K.; Elam, G.; Aro, A.R.; Abraham, T.; Bishop, G.D.; Voeten, H.A.; Richardus, J.H.; Brug, J. Perceived
threat, risk perception, and efficacy beliefs related to SARS and other (emerging) infectious diseases: Results of an international
survey. Int. J. Behav. Med. 2009, 16, 30–40. [CrossRef] [PubMed]

14. Shih, C.M.; Liu, L.P.; Chung, W.C.; Ong, S.J.; Wang, C.C. Human babesiosis in Taiwan: Asymptomatic infection with a Babesia
microti-like organism in a Taiwanese woman. J. Clin. Microbiol. 1997, 35, 450–454. [CrossRef] [PubMed]

15. Thompson, R.C.; Kutz, S.J.; Smith, A. Parasite zoonoses and wildlife: Emerging issues. Int. J. Environ. Res. Public Health 2009, 6,
678–693. [CrossRef] [PubMed]

16. Meerburg, B.G.; Singleton, G.R.; Kijlstra, A. Rodent-borne diseases and their risks for public health. Crit. Rev. Microbiol. 2009, 35,
221–270. [CrossRef] [PubMed]

17. Meerburg, B.G.; Kijlstra, A. Zoonotic risk of rodents in livestock production. Tijdschr. Voor Diergeneeskd. 2006, 131, 445–447.
18. Kruse, H.; Kirkemo, A.M.; Handeland, K. Wildlife as source of zoonotic infections. Emerg. Infect. Dis. 2004, 10, 2067–2072.

[CrossRef]
19. Ripple, W.J.; Abernethy, K.; Betts, M.G.; Chapron, G.; Dirzo, R.; Galetti, M.; Levi, T.; Lindsey, P.A.; Macdonald, D.W.;

Machovina, B.; et al. Bushmeat hunting and extinction risk to the world’s mammals. R. Soc. Open Sci. 2016, 3, 160498. [CrossRef]
20. Ordaz-Nemeth, I.; Arandjelovic, M.; Boesch, L.; Gatiso, T.; Grimes, T.; Kuehl, H.S.; Lormie, M.; Stephens, C.; Tweh, C.; Junker,

J. The socio-economic drivers of bushmeat consumption during the West African Ebola crisis. PLoS Negl. Trop. Dis. 2017,
11, e0005450. [CrossRef]

21. Meng, X.; Liu, D.; Feng, J.; Meng, Z. Asian medicine: Exploitation of wildlife. Science 2012, 335, 1168. [CrossRef] [PubMed]
22. Wanger, T.C.; Darras, K.; Bumrungsri, S.; Tscharntke, T.; Klein, A.-M. Bat pest control contributes to food security in Thailand.

Biol. Conserv. 2014, 171, 220–223. [CrossRef]
23. Travis, D.A.; Watson, R.P.; Tauer, A. The spread of pathogens through trade in wildlife. Rev. Sci. Tech. 2011, 30, 219–239. [CrossRef]

[PubMed]
24. Joyjinda, Y.; Rodpan, A.; Chartpituck, P.; Suthum, K.; Yaemsakul, S.; Cheun-Arom, T.; Bunprakob, S.; Olival, K.J.; Stokes, M.M.;

Hemachudha, T.; et al. First Complete Genome Sequence of Human Coronavirus HKU1 from a Nonill Bat Guano Miner in
Thailand. Microbiol. Resour. Announc. 2019, 8, e01457-18. [CrossRef] [PubMed]

25. Platto, S.; Zhou, J.; Wang, Y.; Wang, H.; Carafoli, E. Biodiversity loss and COVID-19 pandemic: The role of bats in the origin and
the spreading of the disease. Biochem. Biophys. Res. Commun. 2021, 538, 2–13. [CrossRef] [PubMed]

26. Meeyam, T.; Tablerk, P.; Petchanok, B.; Pichpol, D.; Padungtod, P. Seroprevalence and risk factors associated with leptospirosis in
dogs. S. Asian J. Trop. Med. Public Health 2006, 37, 148–153.

27. Sprissler, F.; Jongwattanapisan, P.; Luengyosluechakul, S.; Pusoonthornthum, R.; Prapasarakul, N.; Kurilung, A.; Goris, M.;
Ahmed, A.; Reese, S.; Bergmann, M.; et al. Leptospira infection and shedding in cats in Thailand. Transbound. Emerg. Dis. 2018,
66, 948–956. [CrossRef] [PubMed]

28. Kurilung, A.; Chanchaithong, P.; Lugsomya, K.; Niyomtham, W.; Wuthiekanun, V.; Prapasarakul, N. Molecular detection and
isolation of pathogenic Leptospira from asymptomatic humans, domestic animals and water sources in Nan province, a rural
area of Thailand. Res. Vet. Sci. 2017, 115, 146–154. [CrossRef]

http://doi.org/10.3201/eid1112.040789
http://www.ncbi.nlm.nih.gov/pubmed/16485465
http://doi.org/10.1038/nature06536
http://doi.org/10.3201/eid/1706.100880
http://doi.org/10.1111/zph.12563
http://doi.org/10.1016/0168-1605(91)90046-R
http://doi.org/10.1007/s10393-011-0725-7
http://doi.org/10.1186/1471-2334-9-147
http://doi.org/10.1186/1746-6148-10-144
http://doi.org/10.3201/eid2309.161922
http://doi.org/10.1371/journal.pntd.0001054
http://www.ncbi.nlm.nih.gov/pubmed/21738801
http://doi.org/10.1007/s12529-008-9008-2
http://www.ncbi.nlm.nih.gov/pubmed/19125335
http://doi.org/10.1128/jcm.35.2.450-454.1997
http://www.ncbi.nlm.nih.gov/pubmed/9003614
http://doi.org/10.3390/ijerph6020678
http://www.ncbi.nlm.nih.gov/pubmed/19440409
http://doi.org/10.1080/10408410902989837
http://www.ncbi.nlm.nih.gov/pubmed/19548807
http://doi.org/10.3201/eid1012.040707
http://doi.org/10.1098/rsos.160498
http://doi.org/10.1371/journal.pntd.0005450
http://doi.org/10.1126/science.335.6073.1168-a
http://www.ncbi.nlm.nih.gov/pubmed/22403369
http://doi.org/10.1016/j.biocon.2014.01.030
http://doi.org/10.20506/rst.30.1.2035
http://www.ncbi.nlm.nih.gov/pubmed/21809766
http://doi.org/10.1128/MRA.01457-18
http://www.ncbi.nlm.nih.gov/pubmed/30746519
http://doi.org/10.1016/j.bbrc.2020.10.028
http://www.ncbi.nlm.nih.gov/pubmed/33092787
http://doi.org/10.1111/tbed.13110
http://www.ncbi.nlm.nih.gov/pubmed/30580489
http://doi.org/10.1016/j.rvsc.2017.03.017


Vet. Sci. 2022, 9, 85 21 of 21

29. Munoz-Zanzi, C.; Mason, M.; Encina, C.; Gonzalez, M.; Berg, S. Household characteristics associated with rodent presence and
Leptospira infection in rural and urban communities from Southern Chile. Am. J. Trop. Med. Hyg. 2014, 90, 497–506. [CrossRef]

30. Suwannarong, K.; Schuler, S. Bat consumption in Thailand. Infect. Ecol. Epidemiol. 2016, 6, 29941. [CrossRef]
31. Suwannarong, K.; Chapman, R.S. Rodent consumption in Khon Kaen Province, Thailand. S. Asian J. Trop. Med. Public Health 2014,

45, 1209–1220.
32. Suwannarong, K.; Chapman, R.S.; Lantican, C.; Michaelides, T.; Zimicki, S. Hunting, Food Preparation, and Consumption of

Rodents in Lao PDR. PLoS ONE 2015, 10, e0133150. [CrossRef]
33. Thipmontree, W.; Suputtamongkol, Y.; Tantibhedhyangkul, W.; Suttinont, C.; Wongswat, E.; Silpasakorn, S. Human leptospirosis

trends: Northeast Thailand, 2001–2012. Int. J. Environ. Res. Public Health 2014, 11, 8542–8551. [CrossRef]
34. Suwannarong, K.; Chapman, R.S. Characteristics associated with contact with rodents in, around, and outside homes in khon

kaen province, Thailand. Am. J. Trop. Med. Hyg. 2015, 92, 784–790. [CrossRef]
35. Suwannarong, K.; Chanabun, S.; Kanthawee, P.; Khiewkhern, S.; Boonyakawee, P.; Suwannarong, K.; Saengkul, C.; Bubpa, N.;

Amonsin, A. Risk factors for bat contact and consumption behaviors in Thailand; a quantitative study. BMC Public Health 2020,
20, 841.

36. Suwannarong, K.; Janetanakit, T.; Kanthawee, P.; Suwannarong, K.; Theamboonlers, A.; Poovorawan, Y.; Tun, H.M.; Chanabun, S.;
Amonsin, A. Coronavirus seroprevalence among villagers exposed to bats in Thailand. Zoonoses Public Health 2021, 68, 464–473.
[CrossRef]

37. Nowell, L.S.; Norris, J.M.; White, D.E.; Moules, N.J. Thematic analysis: Striving to meet the trustworthiness criteria. Int. J. Qual.
Methods 2017, 16, 1609406917733847.

38. World Health Organization. Human Leptospirosis: Guidance for Diagnosis, Surveillance and Control; World Health Organization:
Geneva, Switzerland, 2003.

39. Coyle, A.H.; Berrian, A.M.; van Rooyen, J.; Bagnol, B.; Smith, M.H. Gender Roles and One Health Risk Factors at the Human-
Livestock-Wildlife Interface, Mpumalanga Province, South Africa. Ecohealth 2020, 17, 233–247.

40. Ter Meulen, J.; Lukashevich, I.; Sidibe, K.; Inapogui, A.; Marx, M.; Dorlemann, A.; Yansane, M.L.; Koulemou, K.; Chang-Claude,
J.; Schmitz, H. Hunting of peridomestic rodents and consumption of their meat as possible risk factors for rodent-to-human
transmission of Lassa virus in the Republic of Guinea. Am. J. Trop. Med. Hyg. 1996, 55, 661–666.

41. Gruber, K. Rodent meat—A sustainable way to feed the world? Using rodents as food has a long tradition in many parts of the
world. EMBO Rep. 2016, 17, 630–633.

42. Assogbadjo, A.E.; Codjia, J.T.C.; Sinsin, B.; Ekue, M.R.M.; Mensah, G.A. Importance of rodents as a human food source in Benin.
Belg. J. Zool. 2005, 135, 11–15.

43. Rathinam, S.; Vedhanayaki, R.; Balagiri, K. A Cross-Sectional Assessment of Knowledge, Attitude, and Practice Toward Lep-
tospirosis among Rural and Urban Population of a South Indian District. Ocul. Immunol. Inflamm. 2019, 16, 1–14. [CrossRef]

44. De Vries, S.G.; Visser, B.J.; Nagel, I.M.; Goris, M.G.; Hartskeerl, R.A.; Grobusch, M.P. Leptospirosis in Sub-Saharan Africa: A
systematic review. Int. J. Infect. Dis. 2014, 28, 47–64. [CrossRef]

45. Chadsuthi, S.; Bicout, D.J.; Wiratsudakul, A.; Suwancharoen, D.; Petkanchanapong, W.; Modchang, C.; Triampo, W.; Ratanakorn,
P.; Chalvet-Monfray, K. Investigation on predominant Leptospira serovars and its distribution in humans and livestock in
Thailand, 2010–2015. PLoS Negl. Trop. Dis. 2017, 11, e0005228. [CrossRef]

46. Gonwong, S.; Chuenchitra, T.; Khantapura, P.; Islam, D.; Ruamsap, N.; Swierczewski, B.E.; Mason, C.J. Nationwide Seroprevalence
of Leptospirosis among Young Thai Men, 2007–2008. Am. J. Trop. Med. Hyg. 2017, 97, 1682–1685. [CrossRef]

47. Suwancharoen, D.; Limlertvatee, S.; Chetiyawan, P.; Tongpan, P.; Sangkaew, N.; Sawaddee, Y.; Inthakan, K.; Wiratsudakul, A. A
nationwide survey of pathogenic leptospires in urine of cattle and buffaloes by Loop-mediated isothermal amplification (LAMP)
method in Thailand, 2011–2013. J. Vet. Med. Sci. 2016, 78, 1495–1500. [CrossRef]

48. Tangkanakul, W.; Smits, H.L.; Jatanasen, S.; Ashford, D.A. Leptospirosis: An emerging health problem in Thailand. S. Asian J.
Trop. Med. Public Health 2005, 36, 281–288.

49. Nitatpattana, N.; Chauvancy, G.; Dardaine, J.; Poblap, T.; Jumronsawat, K.; Tangkanakul, W.; Poonsuksombat, D.; Yoksan, S.;
Gonzalez, J.P. Serological study of hantavirus in the rodent population of Nakhon Pathom and Nakhon Ratchasima Provinces
Thailand. S. Asian J. Trop. Med. Public Health 2000, 31, 277–282.

50. Tangkanakul, W.; Tharmaphornpil, P.; Plikaytis, B.D.; Bragg, S.; Poonsuksombat, D.; Choomkasien, P.; Kingnate, D.; Ashford, D.A.
Risk factors associated with leptospirosis in northeastern Thailand, 1998. Am. J. Trop. Med. Hyg. 2000, 63, 204–208. [CrossRef]

51. Hinjoy, S.; Kongyu, S.; Doung-Ngern, P.; Doungchawee, G.; Colombe, S.D.; Tsukayama, R.; Suwancharoen, D. Environmental and
Behavioral Risk Factors for Severe Leptospirosis in Thailand. Trop. Med. Infect. Dis. 2019, 4, 79. [CrossRef]

http://doi.org/10.4269/ajtmh.13-0334
http://doi.org/10.3402/iee.v6.29941
http://doi.org/10.1371/journal.pone.0133150
http://doi.org/10.3390/ijerph110808542
http://doi.org/10.4269/ajtmh.14-0195
http://doi.org/10.1111/zph.12833
http://doi.org/10.26717/BJSTR.2019.16.002818
http://doi.org/10.1016/j.ijid.2014.06.013
http://doi.org/10.1371/journal.pntd.0005228
http://doi.org/10.4269/ajtmh.17-0163
http://doi.org/10.1292/jvms.15-0493
http://doi.org/10.4269/ajtmh.2000.63.204
http://doi.org/10.3390/tropicalmed4020079

	Introduction 
	Materials and Methods 
	Study Design 
	Study Sites 
	Study Participant Criteria 
	Sample Size Estimation 
	Analytic Cross-Sectional Survey and Blood Specimen Collection 
	Qualitative Study 

	Study Tools and Data Collection Procedures 
	Study Variables and Data Analysis 
	Serological Tests 

	Quantitative Survey Results 
	Profiles of Quantitative Survey Participants 
	Animal Contact Experiences 
	Hunted, Killed, and Prepared Rodents as Food in the Past 12 Months 
	Consumed Animals (Either Raw or Cooked) in the Past 12 Months 
	Being Bitten by Rodents, including the Period, and Practices toward Wounds 
	Feeling toward Animals and Zoonotic Diseases 
	Medical Histories 
	Leptospirosis Prevalence Study among the Study Subjects 
	Rodent Exposure Levels 

	Qualitative Data Collection Results 
	Profiles of Qualitative Study Participants 
	Rodent Contact Characteristics among the Qualitative Participants 
	Rodent Contact Activities and Their Perception toward Rodents 
	Benefits and Disadvantages of Rodents 
	Mitigation Strategies to Be Protected from Rodents and Diseases 

	Discussion and Conclusions 
	Rodent as Food 
	KAP and Mitigation Measures for Interacting with Rodents 
	Seroprevalence of Leptospirosis among the Study Participants 
	Study Limitations 
	Recommendations 

	References

