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Abstract

Japanese encephalitis (JE) is a mosquito-borne zoonotic disease that has pigs as the major amplifying hosts. It is the most
important cause of viral encephalitis in people in Nepal and is spreading in its geographic distribution in that country. Pig
farming is increasing in Nepal due to reducing cultural biases against pigs and government programs to support pig
farming for poverty alleviation. Major strategies for JE prevention and control include education, vector control, and
immunization of people and pigs. This study used a survey of 400 pig farmers in 4 areas of Nepal with different JE and pig
farming histories to explore regional variations in farmer awareness and actions towards JE, the association of awareness
and actions with farm and farmer variables, and the implications of these associations for public health education. Exposure
to JE risk factors was common across pig farms and pig farming districts but there were significant district level differences
in knowledge and practices related to on-farm JE risk reduction. Social factors such as literacy, gender, and cultural practices
were associated with farmer attitudes, knowledge and practices for JE control. JE vaccine uptake was almost non-existent
and mosquito control steps were inconsistently applied across all 4 districts. Income was not a determining factor of the
differences, but all farmers were very poor. The low uptake of vaccine and lack of infrastructure or financial capacity to
house pigs indoors or away from people suggest that farmer personal protection should be a priority target for education in
Nepal. This study re-enforces the need to attack root causes of people’s personal disease prevention behaviours and take
into account local variation in needs and capacities when designing health or agriculture education programs.
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Introduction

Japanese encephalitis (JE) is the most important viral enceph-

alitis in Nepal and Asia [1,2]. It is a mosquito borne disease caused

by a flavivirus that cycles between birds, pigs and people [3]. Its

distribution has, in recent years expanded and is expected to

spread more widely geographically with anticipated changes in

climate, land use (particularly rice and pig farming and

urbanization), and access to health care [4,5]. The high case

fatality rate, high rate of severe long lasting neurological symptoms

and the majority of deaths occurring in children make JE a major

public health problem [6]. JE is not homogenously distributed in

Nepal. The disease was first confirmed in western Nepal in 1978

[7] in the lowland plains of Terai which borders India, and has

regularly occurred since then with epidemic peaks every 2–5 years

[8]. JE has now been documented in 54 of the 75 districts of

Nepal, including 24 hill and mountain districts, and is considered

to be endemic in the Kathmandu Valley as well as in 24 other

districts [8,9,10].

The World Health Organization Regional Office for South-

East Asia (SEARO/WHO) has pointed out four major strategies

for JE prevention and control; health education, vector control,

immunization of people and pigs, and epidemic preparedness and

response [12]. Other countries like Japan, South Korea and

Taiwan have successfully controlled JE by human and pig

vaccination, modernization of pig farms, change in agricultural

practices and improved living standards [4,11]. The investments

required to achieve these changes is beyond the current economic

capacity of Nepal. Even regular human vaccination is not

affordable or sustainable at the present time. Low-cost alternatives

need to be found to begin to address the SEARO/WHO

recommendations.

Pig farming is increasing in Nepal due to reduced cultural biases

against pigs and new government programs to support pig farming

as a low cost means to create income for poverty alleviation and to

improve food security. A 48% increase in the Nepal pig population

in 14 years [13] shows how fast this industry is growing. Pig farms

are not homogeneously distributed in Nepal. Pig farming is most

prevalent in the eastern and central regions of the country where

the pig-raising ethnic community predominates and is also more

common in peri-urban areas because of an increased demand of

pig meat in urban areas. Because pigs are a major JE virus
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amplifying hosts [14], ensuring pig farmers are aware of and able

to use means for personal and community risk reduction should be

an important part of a Nepalese JE prevention strategy. Our

previous study in the Kathmandu district [15] found that the pig

farmers had high occupational exposures to JE risk factors but they

also had low levels of awareness and adoption of preventive

measures against JE. Knowledge, beliefs and practices can affect

how individuals or groups apply control efforts against disease

[16,17]. Because we found socio-economic associations with

knowledge about JE and the use of preventive practices in the

Kathmandu district, in this study we sought to replicate Dhakal et.

al. [15] in four districts with different experiences with both JE and

pig farming to see if there were regional variations that may

influence how farmer JE education programs might need to be

adapted to local needs and situations. In this study we used a

survey methodology to ascertain information on what pig farmers

knew about JE, its risk factors and/or its control in; a long term

endemic region (.30yrs) that is the source of most human JE cases

in the country (Rupandehi district); a neighbouring endemic

district with lower numbers of outbreaks (Kapilvastu near the

Indian border); an area of endemic JE with the highest level of pig

amplifying hosts (Morang district); and a region of comparatively

recent JE emergence in the hill region (Kathmandu valley).Our

objective was to determine if there was regional variation in JE

knowledge about the disease and practices within pig farm

communities to help public health and agriculture extension

planners tailor educational material to local needs.

Methods

This research was conducted from September 2011 to June

2012 in four districts of Nepal as described above. Within each

district 2–4 communities known for active pig farming were

selected in order to recruit 100 participants per district. The same

procedure used in Dhakal et. al., 2012 was used for all districts.

One hundred farms were selected by simple random sampling

based on a sampling frame derived from local agriculture agency

registry of pig farms. Before visiting the farms, the survey team

went to the community and introduced the project to the para-

veterinarians servicing the area and to community leaders.

Farmers were provided the incentive to participate by being

offered free physical examinations of the pigs owned by the

farmers and treatment of any ill animals by a veterinarian. Local

para-veterinarians were informed about any health issues or

animal treatments after each visit to ensure follow up. Farmers

were also offered a short training session on JE and its preventive

measures after they completed the survey. This recruitment

process resulted in 100% compliance with all requests to

participate.

Ethics statement
Participation in the survey was voluntary and all farmers were

informed of their right to withdraw at any time in the survey and

were required to give their consent to participate. Verbal consent

to participate was requested because the high anticipated rate of

illiteracy would preclude many from providing written consent.

Consent was noted by the field investigator. All responses were

recorded anonymously and without any identifying information.

Ethical approval was provided for this procedure, including the

use of verbal consent, by the ethics committee of the National

Zoonoses and Food Hygiene Research Centre (approval number

NZFHRC 22/10/7/2010/2011).

Participating farmers were verbally asked questions from a

standardized survey and their oral response recorded by the

interviewer. There were six main parts to the questionnaire; (i)

farmer attributes such as gender, education, income, experience

and training, (ii) farm attributes such as the number of pigs raised,

management, and source and marketing of pigs, (iii) farmer

proximity to known risk factors such as rice fields, pig barns, and

standing water, (iv) farmer knowledge about JE and what can be

done to prevent the disease, (v) JE specific practices used by the

farmer for themselves, their pigs and their family including

vaccination and mosquito avoidance and (vi) information on

clinically compatible signs or past diagnosis of JE in people or

animals on the farm. As this project was focused on farmer

knowledge and exposure to known risks, we did not undertake a

sero-survey of people or animals to document the prevalence of JE,

but instead relied on self-reported information.

The survey contained both open- and closed-ended questions.

Open-ended questions were grouped based on their similarities

and turned into closed-ended replies after a thematic review of the

answers. All answers were coded and entered into the SPSS

software version 19 (http://www- 01.ibm.com/software/analytics/

spss/). Descriptive statistics used for analysis included frequencies,

sums, ranges and means, and the chi-squared test was used as a test

of association with p, 0.05 selected as the level for statistical

significance. Chi-square was estimated to identify association

between JE knowledge and predictors; mosquitoes avoiding practice

and predictors. Univariate analysis was undertaken to calculate the

odds ratio with 95% confidence interval. Significant variables were

entered in to logistical model. Logistic regression was used for

multivariate analysis of potential predictors of farmer’s knowledge

about JE; with p,0.05 used as a threshold for statistically significant

interactions. The default ‘‘enter’’ method was used in SPSS for

variable selection in which all variables in a block were entered in a

single step.

Results

All farmer houses in Kathmandu, Morang and Kapilvastu and

all except one in Rupandehi were within 500 meters of the pig

pens. Most pig farms were small family operations. The average

number of pigs in Kathmandu was 26, followed by 8 in

Kapilvastu, 6 in Rupandehi and 4 in Morang study area. Free

range or open-air pens were common types of housing in all

practices. Eighty-seven percent (346/400) of houses overall were

within 1 km of rice paddy fields (range of 73–95%) and 91% (362/

400) of farm houses within 1 Km of a standing water sources

(range 80–99%) (table 1). There were regional differences in

proximity to potential breeding sites for mosquitoes (paddy field

[p,0.001]; standing water sources (p,0.001)]. All pig farmers had

encountered mosquitoes on their farm and all reported mosquito

biting their pigs and themselves. All farmers reported encountering

wild birds on their farms. Among the 400 farmers, 62 (15.5%) also

had domestic ducks and 193 (57%) had duck farms within 1 Km

distance (ranging from 100%, 78%, 40% and 37% respectively, in

Kathmandu, Morang, Kapilvastu and Rupandehi).

There were district level differences in the ratio of male:female

respondents (p,0.001) mainly due to Kapilvastu, where females

were generally reluctant to respond to interviewers from outside of

their district. Across the four study districts we found significant

differences in literacy rate (p,0.001), monthly income (p,0.001),

pig farming being the sole income source (p,0.001), land

ownership (p,0.001) and experience as a pig farmer (p = 0.001)

(table 1). Out of 400 pig farmers 195 (49%) were illiterate and the

monthly income of 85% of farm families was not more than

10,000 NRS. Pig farming was sole source of income for 73% of pig

farmers in Kathmandu study area but overall only 36% (143/400)

Pig Farmer Education Needs for JE in Nepal
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farmers had this as sole occupation. The other occupations

however, were low income generating type. Seventy-four percent

(296/400) of pig farmers had 3 or more years’ experience in pig

farming. Many pig farms in Kathmandu were mobile due to being

located on leasehold land but in other districts they were more

permanent. Except for few farms in Rupandehi, all pig farms were

of poor sanitary conditions and lacked biosecurity measures.

Out of 400 pig farmers, only 36 (9%) had received formal

training on pig husbandry management or disease. Training was

provided to these 36 individuals from government (n = 21,58%)

followed by farmers groups (n = 9, 25%) and non-governmental

organizations.

(n = 6, 17%). Of the 364 farmers who had not received training,

198 (54%) said they did not know training was available, 146

(40%) said they did not know where to go for training and 20 (6%)

said they couldn’t afford training. Seventy-three percentages of pig

farmers (292/400) said they learned about pig diseases through

their own experience or through pig farming friends and the

community. Only 27% (108/400) said they got information from

veterinary sources. We found field veterinarians were the most

trusted source of information on immunization practices for pigs in

all districts: 83% of farmers relied on veterinarians followed by the

pig farming community members (17%) for making immunization

decisions.

Less than half (190/400) of the pig farmers interviewed knew

they could acquire a disease from pigs but only 10% (40) could

name a pig associated zoonosis. They named swine flu (17/40), JE

(21/40), and neurocysticercosis (2/40). However, 30% (120/400)

of the farmers were aware of JE. Eighteen percent (73/400) knew

signs of JE in people, 7% (29/400) knew JE signs for pigs, 17%

(66/400) knew JE was transmitted by mosquitoes, 9% (34/400)

knew it can be prevented by vaccine in pigs and 15% (59/400)

knew it is vaccine preventable in people. There was, however

regional variation in the proportion of farmers who were aware of

JE; Kathmandu 42%, Rupandehi 38%; Morang 25% and

Kapilvastu 15%. Farmers who were aware of JE were more likely

to know that people could acquire diseases from pigs (p,0.001)

(table 1). Of the 120 farmers who were aware of JE, 53% learned

about the disease through media sources, 28% from friends and

community members, 9% from health care providers; 7% from

training events and 4% through academic study. There was a

significant difference in where farmers in different districts learned

about JE (p = 0.008). For example, 20% (20/100) of farmers in

Rupandehi heard about JE through the media compared to only

8% (8/100) in Kalivastu and 20% (20/100) of farmers in

Katmandu heard about JE from friends or the community

compared to 2% (2/100) in Morang.

Only one family in Rupandehi from our survey group reported

JE being diagnosed in a family member. Reports of clinically

compatible signs like high fever, unconsciousness, severe head-

ache, neck rigidity, convulsion and/or paralysis were infrequently

reported in farm family members (table 2). Severe headache were

more commonly reported in Kapilvastu families (p,0.001). There

were significant differences between districts for JE compatible

signs in in the pig health including; abortion (p,0.001), weak

piglets (p,0.001) and convulsion (p,0.001).

Education status of the farmers, study district, farmer’s sex and

whether or not the farmer had raised pigs for more than 3 years

were each found to be significantly associated with whether or not

the farmer was aware of JE (table 3). Only one farmer reported

that family members had received JE vaccine. This same family

also reported the death of a family member due to JE and

explained this was the motivation to have the rest of the family

immunized. Nearly 38% (150/400) had vaccinated their pigs

against various diseases (120 against classical swine fever, 3 against

foot and mouth disease, 25 against both classical swine fever and

foot and mouth disease, and 2 against hemorrhagic septicemia).

Vaccines against JE were not commercially available for pigs in

Nepal. There was a significant difference in pig vaccination status

in four districts for other pig diseases (p,0.001): 87% of pig

farmers in Kathmandu had vaccinated pigs against at least one

disease followed by 44 in Rupandehi, 13% in Morang and only

6% in Kapilvastu (table 1). Reasons for not vaccinating pigs varied

and included; they didn’t know pigs needed vaccine (117/250),

Table 1. Farmer and farm characteristics for 400 pig farmers and farms in 4 districts of Nepal.

Parameters
Kathmandu
(n = 100)

Morang
(n = 100)

Rupandehi
(n = 100)

Kapilvastu
(n = 100) P value

Male: Female respondents 50:50 58:42 48:52 79:21 ,0.001

Number of farmers self-declared as illiterate 39 55 23 78 ,0.001

Farms with monthly income#

10000 NRS from pig farming
70 95 82 94 ,0.001

Pig farming as sole occupation 73 18 27 25 ,0.001

Number of farms who owned the
land used for pig farming

15 65 90 87 ,0.001

Number of farmers with ,3 years’
experience pig farming

27 16 21 40 0.001

Farm houses located # 500 m from the pig farm 100 100 99 100 NT

Farm houses located # 1 km from rice field 95 88 73 90 ,0.001

Farm houses located # 1 km from
standing water bodies

99 91 92 80 ,0.001

Number of farmers who knew people
can get diseases from pigs

72 39 67 12 ,0.001

Number of farmers who heard about JE 42 25 38 15 ,0.001

Number of farmers vaccinating pigs
against at least one disease

87 13 44 6 ,0.001

doi:10.1371/journal.pone.0085399.t001
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they didn’t have problems in pigs that needed vaccines (94/250),

they couldn’t afford to purchase vaccines (13/250) or they didn’t

think vaccines worked (3/250). The remaining 23/250 couldn’t

say why they were not vaccinating pigs.

Ninety-six percent (385/400) of the farmers knew at least one

method of preventing mosquito bites in their family. The

remaining 4% (15/400) were unaware of means to prevent or

avoid mosquito bites. The various techniques used included use of

window screen, use of repellents, use of mosquito coils, staying

indoor at dawn/dusk, wearing clothes that cover full body,

improving drainage and use of mosquito nets (table 4). There were

significant differences across districts in the use of various mosquito

avoiding techniques (table 4). There was also variation in the

frequency or intensity of their use. For example, reporting use of

mosquito nets could mean that several family members used nets

or only the children used them. Twenty-four percent (97/400) of

the farmers reported they practiced mosquito avoidance practices

in their pig sheds. The practices included spraying chemicals (47/

97), maintaining cleanliness (7/97), using smoke from a fire (42/

97) and using repellents (1/97). There was a significant association

between whether or not a person was aware of JE and whether or

not they practiced at least one mosquito avoiding practices

(p = 0.03). There was also an association between whether or not a

person was literate and the use of mosquito bite prevention

technique (p = 0.01). However, there was no association between

the use of at least one mosquito bite prevention technique and

training on pig farming (p = 0.24) or household income (p = 0.32)

(table 3).

Logistic regression failed to produce model with significant

predictive value (Cox and Snell R2 = 0.197). A final model had

five variables literacy, gender, time period of raising pigs,

mosquitoes avoiding practices and knowledge about pig disease

Table 2. Pig and human clinical signs compatible with Japanese Encephalitis as reported by 400 pig farmers in four districts of
Nepal.

Kathmandu (n = 100) Morang (n = 100) Rupandehi (n = 100) Kapilvastu (n = 100) P-Value

Pig Health Disorders (n)

Abortion 36 8 10 15 ,0.001

False Pregnancy 12 5 6 7 0.24

Weak piglets 36 5 15 66 ,0.001

Convulsions 20 5 7 3 ,0.001

Hydrocephalus 2 1 2 1 NT

Swollen testicles 2 1 0 2 NT

Human Health Disorders (n)

High fever 8 14 17 21 0.07

Severe headache 12 7 7 46 ,0.001

Unconsciousness 2 3 1 2 NT

Neck rigidity 1 1 0 0 NT

Convulsion 1 2 1 0 NT

Paralysis 0 2 2 0 NT

NT indicates associations were not tested because of the magnitude of difference.
doi:10.1371/journal.pone.0085399.t002

Table 3. Associations between farmer attributes and practices and awareness of Japanese Encephalitis (JE) among Nepalese pig
farmers.

Association tested P value Odds ratio 95%CI

Literacy and awareness of JE ,0.001 3.62 (2.27–5.76)

Know people can get disease from pigs and awareness of JE ,0.001 4.29 (2.61–7.05)

Gender and awareness of JE 0.004 1.89 (1.20–2.97)

Income # 10000 NRS and attendance at pig farming training sessions ,0.001 5.19 (2.49–10.82)

Literacy and use of at least one mosquito avoiding practices 0.01 4.41 (1.22–15.89)

Time period of raising pig and awareness of JE 0.02 1.69 (1.06–2.70)

Awareness of JE and use of at least one mosquito avoiding practices 0.03 6.26 (0.87–44.99)

Attendance at pig farming training sessions and awareness of JE 0.08 1.76 (0.88–3.52)

Income # 10000 NRS and awareness of JE 0.12 0.68 (0.38–1.20)

Attendance at pig farming training sessions and use of at least one mosquito avoiding practices 0.24 3.24 (0.20–53.20)

Income # 10000 NRS and use of at least one mosquito avoiding practices 0.32 0.40 (0.05–3.07)

doi:10.1371/journal.pone.0085399.t003
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associated with awareness of JE. All of these variables were

significant in the final model except mosquitoes practice

(Wald = 2.06; p = 0.151) (table 5).

Discussion

Each of the four study districts had recent histories of JE. In the

5 year period from 2007 to 2011, there were 157 JE human cases

reported in Kathmandu, 89 cases reported in Morang, 16 cases

reported in Rupandehi and 16 cases reported in Kapilvastu district

[18]. JE risk factors were common across farms and farm families

in all four districts but there were district level differences in

knowledge and practices related to on-farm JE risk reduction. A

previous survey in Nepal identified three JE control priorities;(i)

information, education and communication strengthening to

increase awareness of individuals and communities;(ii) behavioral

changes to increase prevention practices and (iii) environmental

interventions to reduce risk factors [19]. We found that Kapilvastu

district lagged behind in all three of these priority areas followed

by the Morang district. Farmers in Kapilivastu not only had the

lowest level of awareness of JE, but also had the lowest proportion

of farmers who were (i) literate, (ii) had more than 3 years pig

farming experience, (iii) had higher incomes, (iv) knew that people

could acquire diseases from pigs and (v) used methods for

mosquito bite avoidance. In all regions, women were less likely

to have heard of JE than men. Literacy rate may be an important

cause of these differences. Districts where farmers had a higher

level of literacy (Kathmandu 61% and Rupandehi77%) had a

higher rate of JE awareness than the districts with lower farmer

literacy rates (Morang 45% and Kapilvastu 22%). The overall

literacy rate in our sample population (51%) was lower than the

national literacy rate of 65.9%. The literacy rate for women is less

(57.4%) than that of men (75.1%) in Nepal [20]. Efforts to change

farmer JE prevention behaviours will need to take into account the

implications of low literacy rates when designing education

programs.

Mosquito control would seem a critical target for Nepal not only

due to the inconsistent use of control measures found in this study

but also due to the presence of multiple vector-borne diseases in

Nepal such as malaria and dengue fever. Community-based

educational interventions have been shown elsewhere to affect

understanding and involvement in mosquito control and vector-

borne disease prevention [21,22]. Work on community education

for vector control to eliminate lymphatic filariasis in southern

India, using pre-post surveys in exposed and control villages, found

that an 87% reduction in mosquito density could be achieved for a

per capita cost of $0.32 [23]. Programs targeting mosquito control

have resulted in declines in JE elsewhere. For example, in Assam,

India, a sharp reduction in JE sero-conversion rates in people and

pigs was achieved when insecticide treated nets were used in both

people and pigs [24]. Similarly, a population based case-control

study in China found that use of insecticide treated nets was

associated with significant reduction in JE cases [25].There were

significant differences in use of various mosquito control

techniques in different districts in our study, often related to

socio-economic factors. For example, the use of window screen

was higher in Rupandehi because the pig farmers more often had

permanent houses with windows compared to pig farmers of

Kathmandu, Morang and Kapilvastu districts who often lived in

homes without windows. Higher literacy rates (p = 0.01) and being

aware of JE (p = 0.03) were associated with the use of at least 1

mosquito control practice but income (p = 0.32) and training on

pig farming (p = 0.24) were not.

A number of countries have achieved tremendous reductions in

the number of human JE cases by vaccination of pigs and people

along with environmental changes like separation of houses and

pigpens [26]. Although the Nepal government had JE vaccination

programs for people in our study districts, there was virtually no

uptake in the pig farming community. Only one family had been

vaccinated and this was the same family where JE had taken the

life of a family member. Pig farmers were not opposed to

immunization as they had vaccinated their pigs for diseases other

than JE and supplemental questions founds that many had their

children vaccinated for standard childhood vaccine preventable

diseases. Reasons for lack of pig vaccination may be as easy to

explain because of the lack of readily available commercial vaccine

and lack of perception that JE caused illness in the pigs. Data on

Table 4. Use of mosquito avoiding practices by 400 pig farmers in four different districts in Nepal.

Kathmandu (n = 100) Morang (n = 100) Rupandehi (n = 100) Kapilvastu (n = 100) p value

Use window screen 11 8 42 6 ,0.001

Use repellants 25 8 18 4 ,0.001

Use mosquito net 41 51 88 38 ,0.001

Improve drainage 38 71 65 6 ,0.001

Use mosquito coil 69 49 68 50 0.001

Stay indoors at dawn/dusk 39 22 42 42 0.007

Wear clothes that fully covers the body 40 22 32 4 ,0.001

NT indicates associations were not tested because of the magnitude of difference.
doi:10.1371/journal.pone.0085399.t004

Table 5. Final logistic regression model farmer knowledge of
Japanese Encephalitis and predictors (Cox and Snell; R2 =
0.197).

Variables B SE Wald Sig Exp (B)

Constant –0.248 0.311 0.634 0.426 0.781

Literacy –0.639 0.275 5.39 0.020 0.528

Gender 0.773 0.263 8.64 0.003 2.166

Time period of pig
raining

0.738 0.278 7.076 0.008 2.09

Mosquitoes avoiding
practice

–0.416 0.289 2.06 0.151 0.660

Knowledge about pig
disease

–1.608 0.287 31.336 0.000 0.200

doi:10.1371/journal.pone.0085399.t005
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reasons for the exceedingly low uptake of JE vaccine in Nepalese

pig farming families are lacking. A survey of mothers on demand

side barriers to childhood vaccination in the Terai area of Nepal

found lack of knowledge, misconception about immunization, lack

of access to health services, heavy household work related to

poverty, lack of permission from family to visit a health facility and

religion, caste and gender factors were associated with lower

vaccine uptake [27]. Public concern over adverse reactions led to

refusal of the JE vaccination and a consequent decrease in

coverage rate in Korea [28]. Further study is required to

determine why pig farmers, who appear to be a high risk

occupation group, have such low levels of vaccine uptake in a

country where JE vaccine is free for people.

Income was not found to be a significant predictor of JE

knowledge or practices. Although there were statistical differences

in the proportion of homes with incomes more than 10000 NRS

per month, all of the farm household could be considered to be

very poor and well below the national average income of 202,374

NRS per year [29]. There is evidence for other vector-borne

diseases that socio-economic status affects the uptake of prevention

and treatment interventions [30]. It may be possible that the study

population was so far below an income threshold that it obscured

the effect of household income on JE prevention and control.

There was a significant association between income and having

had training on pig farming. It is not clear if the training increased

income or income provided funds to attend training sessions.

Having training or not had no bearing on awareness of JE likely

because training was focused on pig husbandry and management

rather than zoonotic disease prevention and control. Seventy three

percent of pig farmers learned about pig diseases through their

own experiences or from other pig farmers whom they trusted,

suggesting that social networks may be key to disseminating

information on JE. Field veterinarians were also a trusted source,

especially about immunization and are therefore another key

conduit of information into the community. Except for Kath-

mandu where the pig farming community was a major source of

information, media was the main source of information on JE and

thus should be targeted for public education campaigns. Media

campaigns will need to use means for knowledge mobilization that

can target the proportion of farmers and farm household members

who are illiterate as well as be sensitive to gender differences in use

of media sources.

There were three key reasons to prioritize pig farming families

for JE education and control. First, this study showed that this

occupational group lived and worked in close proximity to key JE

risk factors like pigs, rice fields, ducks, wild birds, mosquitoes and

standing water. The major JE vector Culex tritaeniorhynchus breeds

predominantly in rice fields and open sunlit temporary and

permanent habitats with vegetation and they have average flight

range of 1.5 km [31]. We found the pig farms in all study areas

were located within this flight range from rice fields and the

standing water sources. Second, there was a low rate of use of JE

prevention for families or pigs. Third, pig production is increasing

in Nepal and is expected to grow. Add to these factors the spectre

of an expanding JE range associated with climate change and land

use changes and there is ample reason to conclude that pig

farming families should be priority targets of JE control

campaigns. Validation of this assumption will require case-control

or similar studies to determine if pig farmers are indeed at a higher

risk for JE disease in Nepal.

The design and delivery of future pig farm families JE education

on prevention and control will need to take into consideration, not

only how pig farmers differ from other members of society in terms

of their exposure risks and capacities to understand, access and

apply JE control actions but also how to tailor programs to

differences in socio-economic variables across districts. This study

re-enforces the need to attack root causes of people’s personal

disease prevention behaviours, such as literacy, when aiming to

have wide impacts from public health or agriculture extension and

education programs.

Acknowledgments

The authors would like to thank the pig farmers of Nepal for their full and

enthusiastic cooperation in this study.

Author Contributions

Conceived and designed the experiments: SD DDJ AA DKP CS. Analyzed

the data: SD DKP. Wrote the paper: SD DKP DDJ CS. Data collection

via field interviews, including pre-testing: MS MD YS.

References

1. Umenai T, Krzysko R, Bektimirov TA, Assaad FA (1985) Japanese encephalitis:

current worldwide status. Bull. WHO. 63: 625–31.

2. Rayamajhi A, Ansari I, Ledger E, Bista KP, Impoinvil DE, et al (2011) Clinical

and prognostic features among children with acute encephalitis syndrome in

Nepal; a retrospective study. BMC Infectious Diseases. 11: 294.

3. van den Hurk AF, Ritchie SA, Meckenzie JS (2009) Ecological and geographical

expansion of Japanese encephalitis virus. Annu Rev Entomol. 54: 17–35.

4. Erlanger TE, Weiss S, Keiser J, Utzinger J, Wiedenmayer K (2009) Past, present

and future of Japanese encephalitis. Emer Infect Dis15 (1), 1–7.

5. LeBeaud AD (2008) Why arboviruses can be neglected tropical diseases? PLoS

Negl Trop Dis 2(6): e247. Doi: 10.1371/journal.pntd.0000247.

6. LeBeaud AD, Bashir F, King CH (2011) Measuring the burden of arboviral

diseases: the spectrum of morbidity and mortality from four prevalent infections.

Pop Health Metrics. 9: 1.

7. Joshi D (1983) Incidence of Japanese encephalitis in children: 1978, 1979, and

1980 outbreaks. J Nep Paediatr Soc. 2: 18–25.

8. Bista MB, Shrestha JM (2005) Epidemiological situation of Japanese encephalitis

in Nepal. J Nep Med Assoc. 44: 51–56.

9. Pant D (2009) Epidemiology of Japanese encephalitis in Nepal. J. Nepal Paediatr

Soc. 29: 35–37.

10. Parajuli MB, Joshi DD, Pradhan SP, Chamling M, Joshi AB (1992) Incidence of

Japanese encephalitis during 1989 in Nepal. J. Nepal Med. Assoc. 30: 7–14.

11. Igarashi A (2002) Control of Japanese encephalitis in Japan: immunization of

humans and animals, and vector control. Curr Top Microbiol Immunol 267:

139–152.

12. SEARO/WHO (2002) Regional committee. Provisional agenda item 10.2. Fifty-

fifth session. Prevention and control of dengue, Japanese encephalitis and

kalaazar in SEA region. Available at http://209.61.208.233/LinkFiles/RC_55_

7.pdf. Accessed 2013 Dec 6.

13. MOAD: (2012) Statistical information on Nepalese agriculture 2011/2012

(2069/069). Government of Nepal, Ministry of Agriculture Development.

Available: http://www.moad.gov.np/downloadfile/yearbook2012_

1363677455.pdf. Accessed 2013 Dec 6.

14. Solomon T, Dung NM, Kneen R, Gainsborough M, Vaughn DW, et al (2000)

Japanese encephalitis. J. Neurol. Neurosurg Psychiatr. 68: 405–415.

15. Dhakal S, Stephen C, Ale A, Joshi DD (2012) Knowledge and Practices of Pig

Farmers Regarding Japanese encephalitis in Kathmandu, Nepal. Zoonoses and

Public Health. 59: 568–574.

16. Klein RE, Weller SC, Zeissig R, Richards FO, Ruebush TK (1995) Knowledge,

beliefs, and practices in relation to malaria transmission and vector control in

Guatemala. Am J Trop Med Hyg 52 (5): 383–388.

17. van Benthem BH, Khantikul N, Panart K, Kessels PJ, Somboon P, et al (2002)

Knowledge and use of prevention measures related to dengue in northern

Thailand. Trop Med Int Health. 7 (11): 993–1000.

18. WHO-IPD (2012) Records of JE cases (unpublished) obtained from World

Health Organization, Immunization preventable diseases section, Nepal.

19. Houston R, Chhetry D (2003) Nepal: analysis of baseline survey data on

Japanese encephalitis, kala-azar and malaria. Environmental health project

activity report 121. 2003. Prepared for the Office of Health, Infectious Diseases

and Nutrition, Bureau for Global Health, U.S. Agency for International

Development, under EHP project 27052/E.X.NE5.ME.EO.

20. CBS (2011) National population and housing census 2011 (National report).

Government of Nepal, National Planning Commission Secretariat, Central

Bureau of Statistics.

Pig Farmer Education Needs for JE in Nepal

PLOS ONE | www.plosone.org 6 January 2014 | Volume 9 | Issue 1 | e85399



21. Winch PJ, Leontsini E, Rigau-Perez JG, Ruiz-Perez M, Clark GG, et al (2002)

Community based dengue prevention programs in Puerto Rico: impact on
knowledge, behavior, and residential mosquito infestation. Am J Trop Med Hyg

67 (4): 363–370.

22. Yasuoka J, Mangione TW, Spielman A, Levins R (2006) Impact of education on
knowledge, agricultural practices, and community actions for mosquito control

and mosquito-borne disease prevention in rice ecosystems in Sri Lanka. Am J
Trop Med Hyg 74 (6):1034–1042.

23. Nandha B, Krishnamoorthy K (2012) Impact of education campaign on

community based vector control in hastening the process of elimination of
lymphatic filariasis in Tamail Nadu, South India. Health Educ. Res. 27 (4): 585–

594.
24. Dutta PS, Khan A, Khan AM, Bohora J, Sarmah CK, et al (2011) The effect of

insecticide- treated nets (ITMNs) on Japanese encephalitis virus seroconversion
in pigs and humans. Am J Trop Med Hyg. 84: 466–472.

25. Luo D, Yao R, Song J, Huo H, Wang Z (1994) The effect of DDT spraying and

bed nets impregnated with pyrethroid insecticide on the incidence of Japanese
encephalitis virus infection. Trans R Soc Trop Med Hyg 88: 629–631.

26. Obara M, Yamauchi T, Watanabe M, Haseqawa S, Ueda Y, et al (2011)

Continuity and change of Japanese encephalitis virus in Toyoma Prefecture,

Japan. Am J Trop Med Hyg 84(5): 695–708.

27. Subedi G (2012) Demand side barriers to immunization services in Terai

districts of Nepal. Nepal Population J 17 (16):91–104.

28. Sohn YM (2000) Japanese Encephalitis Immunization in South Korea: Past,

Present, and Future. Emerg Infect Dis. [serial on the Internet]. [cited Oct,

2013]. Available: http://wwwnc.cdc.gov/eid/article/6/1/00-0103.htm. Ac-

cessed 2013 Dec 6.

29. CBS (2011b) Nepal living standard survey 2010/11. Statistical report volume

two. Central Bureau of statistics. National planning commission secretariat.

2011b, Government of Nepal. November 2011.

30. Worrall E, Basu S, Hanson K (2005) Is malaria a disease of poverty? A review of

the literature. Trop Med Interna Health. 10 (10): 1047–059.

31. Henrich TJ, Hutchaleelaha S, Jiwariyavej V, Barbazan P, Nitatpattana N, et al

(2003) Geographic dynamics of viral encephalitis in Thailand. Microbes Infect.

5: 603–611.

Pig Farmer Education Needs for JE in Nepal

PLOS ONE | www.plosone.org 7 January 2014 | Volume 9 | Issue 1 | e85399


