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Abstract: Mosquito-borne diseases (MBDs), including those caused by flaviviruses, remain human
health problems for developing and urbanizing economies. This cross-sectional study examined
risks of flavivirus exposure through a survey regarding knowledge and practices of pig farmers,
and serological analysis of pigs in peri-urban and suburban Hanoi city. A total of 636 pig sera from
179 pig farms in 4 districts, namely, Chuong My, Dan Phuong, Ha Dong, and Bac Tu Liem, were
analyzed by a competitive ELISA designed for flavivirus antibody detection. The results indicated a
low level of awareness about MBDs among pig farmers, and a high seroprevalence in pigs at 88.5%
(95%CI = 85.8-90.9%). Moreover, common practices of pig owners to prevent mosquitoes at home and
farm did not show a significant reduction in flavivirus exposure in pigs. At animal level, significant
associations between seropositive pigs and the farms with more than 60 pigs, and the district location
were found. Farm-level multivariable analysis did not identify significant risk factors for flavivirus
exposure. The study suggests that improving awareness of pig owners about MBDs in Hanoi city
may be warranted to reduce the risk for MBD flavivirus infections in both humans and pigs.

Keywords: flaviviruses; knowledge and practices; pigs; serology; mosquitoes; risk factors; Hanoi

1. Introduction

Mosquito-borne zoonotic flavivirus infections cause several million human cases
annually [1]. Pigs, a domestic animal species, can be infected by several flaviviruses,
such as Japanese encephalitis virus (JEV), dengue fever virus (DENYV), Zika virus (ZIKV),
and West Nile virus (WNV) [2-5]. Moreover, pigs are the main amplifying host of JEV
infection [6] and constitute a potential source of Japanese encephalitis (JE) transmission to
humans. Flaviviruses have a tendency to emerge, which is evident by the recent spread of
JEV in Australia in 2022 [7], and there are fears that the virus will spread to other continents
as competent Culex vectors are also present in Europe [8,9].

The rapid urbanization of Hanoi city provides suitable conditions for transmission of
mosquito-borne diseases (MBDs), such as JE and dengue [10]. This is because there is a wide
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range and high density of hosts for blood-feeding and mosquito vectors, with 7.9 million
inhabitants, 1.8 million pigs, 0.4 thousand horses, 136 thousand cattle, 23.5 thousand
buffaloes, 11.5 thousand goats, 31.5 million poultry, and 450.3 thousand dogs, as of 2018 [11].
In addition, a large rice paddy area of suburban Hanoi, the most preferred habitat of Culex
mosquito vectors [12], occupies 179,546 hectares in 2018 [11]. However, the understanding
of mosquito-borne zoonotic flavivirus circulation in Hanoi remains limited.

In Vietnam, human vaccines against JE are available [13], and a dengue vaccination
has been trialed [14], but no official vaccination programs have been applied in pigs.
Controlling mosquito vectors is one of the most important measures to prevent many
MBDs; nevertheless, the implementation of the control measure still lacks community
engagement that strongly relies on local people’s knowledge and practices [15].

The objectives of the study were to assess the perception and preventive practices of
pig farmers, and to investigate risk factors for mosquito-borne zoonotic flavivirus infections
in pig-keeping households in suburban Hanoi.

2. Materials and Methods
2.1. Study Design

A cross-sectional study was implemented in pig farms of two suburban, peripheral
city districts where less than 1000 cattle and buffaloes, 15,000 pigs, and 150,000 poultry per
district are kept, and in two more peri-urban districts with more than 1000 large ruminants,
15,000 pigs, and 150,000 poultry of Hanoi, Vietnam, from September to October 2018
(Figure 1).
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Figure 1. Distribution of sampled pig farms in Hanoi, Vietnam, and flavivirus serological results.

Multi-stage sampling strategy was used as described earlier [16]. In brief, random
selection of 20 global positioning system (GPS) points was made in every selected district,
and about three pig-keeping households within a radius of 2 km from each GPS point
were visited. The sample size calculation was described in our previous study describing
differences between households with and without livestock, but was, in brief, based on a
power of 0.8, a significance level of 0.05, and a desired detection of 20% difference between
households with livestock keeping compared to households without livestock keeping [16].
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On each farm, the pig owner or the person taking care of the pig(s) was interviewed
using a structured questionnaire form, and a maximum of five pigs were randomly selected
for flavivirus serology testing based on the expected maximum that a farmer would allow.

2.2. Questionnaire and Interviews

The questionnaire was developed with three major sections: the respondent’s demo-
graphic characteristics (ten questions); information on pig as well as livestock keeping and
animal diseases (thirteen questions); awareness (fourteen questions) that included knowl-
edge about MBDs (with 22 scored items) and practices to prevent MBDs (with 11 scored
items). The questionnaire was administered on pig farms through direct face-to-face in-
terviews with pig keepers. Every appropriate answer to either knowledge or practice
questions was awarded one point, while incorrect answers received a zero score.

2.3. Blood Sample Collection and Storage

Pig blood was collected from Vena cava by trained veterinarians of Hanoi Sub-Department
of Livestock Production and Animal Health. The samples were stored in a cool box in the field
and transferred to the National Institute for Veterinary Research (NIVR) within the sampling
day, where sera were centrifuged and separated immediately, then they were kept at —20 °C
until testing.

2.4. Mosquito Collection and Identification

Mosquito sampling was conducted by trained staff of NIVR using Centers for Disease
Control and Prevention (CDC) light traps [17] and Biogents Sentinel (BG) traps [18]. A pair
of traps were used on each farm, in which one CDC trap was hung outdoors close to the
pig pen at about 1.5 m height above the ground; and another indoor trap (either CDC light
trap or BG trap) was placed near the bedroom of pig owner. In the more rural settings, both
BG and CDC traps have been found to provide a similar attraction to mosquito species [19].
The traps were activated from 5 p.m. on the interviewing day until 7.30 a.m. of the next day,
the active phase of some species of the Anopheles, Mansonia, Aedes, and Culex genera [20].
The mosquitoes collected in each trap were transferred to a labeled 50 mL conical centrifuge
tube using a battery-operated aspirator, kept in a cool box in the field, and sent to the
National Institute of Hygiene and Epidemiology (NIHE) on the same day as mosquito
collection. Mosquito samples were stored at —80 °C in laboratory until identifying sex and
species of the mosquitoes at NIHE. Only female mosquitoes were recorded for analysis.

2.5. Laboratory Technique

The serum samples were tested by a competitive enzyme-linked immunoassay (cELISA)
kit for detection of IgG antibodies against WNV manufactured by IDvet company (No. 310,
rue Louis Pasteur, Grabels, France). This kit has been shown to allow for detection of
antibodies against several flaviviruses of different animal species [21,22]. In principle,
samples to be tested, and controls, were added to the precoated plate with the pr-E protein
of WNV, which includes epitopes common to several flaviviruses such as WNV, JEV, and
DENV. Anti-pr-E antibodies in a serum sample form an antigen—antibody complex. An
anti-pr-E antibody HRP conjugate binds to the remaining free pr-E epitopes, forming an
antigen—conjugate—peroxidase complex. Each pig serum was tested in duplication in the
same ELISA plate. Calculation of percentage inhibition (S/N%) was equal to the mean
optical density (OD) value of sample divided by the mean OD value of negative control,
multiplied by 100. Samples presenting a Sample/Negative control quota less than or equal
to 40% were considered positive; higher than 40% and less than or equal to 50% were
considered doubtful; higher than 50% were considered negative. Doubtful results were
excluded from analyses.
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2.6. Statistical Analysis

In the four districts, 192 pig farms were visited, and 704 blood samples were tested
by the cELISA. However, 13 pig farms missed information on knowledge and practices,
and 53 serum samples from these 13 farms and 15 serum samples of other farms provided
doubtful results by the cELISA and were therefore excluded from the analysis. Finally,
a total of 179 farms and 636 pigs were analyzed. A positive farm was defined as having
at least one pig seropositive by the cELISA. The presence of mosquito vectors, which
were handled both as a binary variable and the total number of vectors in each farm,
was summed.

Data obtained from the questionnaires and the laboratory results were recorded as
variables in Excel®® spreadsheets and transferred into STATA /SE 15.0 (StataCorp LLC,
College Station, TX, USA) for analysis.

Social-demographic characteristics, and a summary of knowledge and practices of
pig raisers were expressed in percentages. Spearman’s rank correlation analysis was used
to determine the relationship between knowledge and practices. The Mann-Whitney U
test, Kruskal-Wallis test, and negative binomial regression were used to identify associa-
tions between demographic factors and knowledge and practice scores. Variables with a
p-value less than 0.2 in univariable analysis were included in the multivariable negative
binomial regression.

Mosquito species classified as vectors of MBDs were summarized in quantity and
proportions. The difference in mosquito numbers collected indoor and outdoor on each
farm was calculated, and a mean difference in the two subpopulations of indoor and
outdoor mosquitoes for all pig farms was determined by the paired t-test.

For risk factor identification for seropositivity of pigs against flaviviruses, the as-
sociation of independent variables and outcomes was evaluated using a chi-square test
in univariable analysis. At farm level, the correlation of all independent variables was
assessed. Variables in univariable analysis that provided a p-value lower than 0.25 [23]
and absolute correlation coefficient value (r-value) below 0.7 [24] were applied in logistic
regression models. Variables changing more than 25% of coefficients of other variables were
classified as confounding factors and they were moved back to the model if the affected
variables were significant. Mixed-effects multivariable logistic regression models were built
using meqrlogit in STATA /SE 15.0 with pig-keeping household as a random effect for the
animal level model, while the district was a random effect for the farm level model. A step-
wise backward manual elimination was performed to identify confounders and significant
predictors in the model. A p-value of less than 0.05 was considered statistically significant.

3. Results
3.1. Pig Farmer Demographics

Of the 179 respondents, the male gender accounted for 75.4% of the surveyed popula-
tion. Most participants (67.3%) were aged between 40 and 59 years old; the mean age was
50.35 £ 9.50. Over half of the participants (54.4%) had graduated secondary school, fol-
lowed by a high-school level (29.4%), and some has obtained college or university degrees
(6.7%). Most respondents (80.9%) worked with farming as their main job, and 85.5% of pig
farms kept less than 60 pigs (Table 1).
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Table 1. Social-demographic features of pig farmers.

Characteristic n (%) Mean + SD
Gender
Male 135 (75.4)
Female 44 (24.6)
Age 50.35 + 9.50
30-39 21 (13.2) 35.43 £2.56
40-49 49 (30.8) 44.12 +2.60
50-59 58 (36.5) 53.79 £2.92
60+ 31(19.5) 63.87 £+ 3.57
Education
Primary school 17 (9.4)
Secondary school 98 (54.4)
High school 53 (29.4)
College/university 12 (6.7)
Occupation
Officer 6 (3.4)
Farmer 144 (80.9)
Unemployed 9(5.1)
Retired 7 (3.9)
Others 12 (6.7)
Marriage status
Single 2(1.1)
Married 174 (97.8)
Separated /Divorced 1(0.6)
Widowed 1 (0.6)
Pig herd size: Number of pigs per farm 44.33 £+ 99.92
<10 35(19.5) 5.57 £2.19
10-29 71 (39.7) 16.94 + 5.82
30-59 47 (26.3) 39.7 £7.42
>60 26 (14.5) 179.6 + 218.1

3.2. Knowledge of Pig Farmers

Most respondents were aware of dengue fever (93.9%), followed by malaria (61.5%)
and Zika (37.4%), but only a few respondents had heard about Japanese encephalitis (7.8%)
and filariasis (2.8%) (Table 2). About 3.9% of participants were not aware of any MBD.
More than 73.3% of participants recognized polluted water, stagnant water containers, or
water tanks as suitable breeding sites of mosquitoes. About 30% of respondents listed
discarded car tires, flower vases, or bonsai rockery as potential mosquito breeding sites.
Few participants (1.7%) did not know any breeding sites of mosquitoes. Most of the partici-
pants (76.5%) considered warm and humid weather as a risk factor for contracting MBDs,
while some of them (40.2%) considered livestock keeping as important. Participants listed
symptoms of patients contracting MBDs, which included high fever (89.4%), hemorrhage
(56.4%), severe headache (39.7%), nausea or vomiting (30.2%), muscle pain (28.5%), and
rash (17.9%).



Trop. Med. Infect. Dis. 2022, 7,79

6 of 16

Table 2. Knowledge of pig farmers about mosquito-borne diseases.

Questions
. . . . N =179 %
Have you heard about diseases being transmitted from mosquitoes to humans?
No 7 3.9
Dengue fever 168 93.9
Japanese Encephalitis 14 7.8
Zika 67 37.4
Malaria 110 61.5
Filariasis 5 2.8
Can you list breeding sites of mosquitoes?
Don’t know 3 1.7
Clean water 29 16.2
Drain/polluted water 143 79.9
Stagnant water containers 146 81.6
Car tires 55 30.7
Water tanks 132 73.7
Vase 60 33.5
Bonsai rockery 57 31.8
Can you list the risk factors for getting mosquito-borne diseases?
Don’t know 11 6.1
Warm and humid season 137 76.5
High population density 47 26.3
Stagnant water containers 123 68.7
Livestock keeping 72 40.2
Can you list any symptoms of mosquito-borne diseases?
Don’t know 13 7.3
High fever 160 89.4
Muscle pain 51 28.5
Nausea/vomiting 54 30.2
Severe headache 71 39.7
Rash 32 17.9
Hemorrhage 101 56.4

3.3. Practices of Pig Farmers

The MBD preventive practices of pig farmers at home and farm are summarized in

Table 3. The most common preventive measures that respondents applied against mosquito
biting were bed nets (94.4%), followed by mosquito electric rackets (53.1%) and insecticides
(52%). Other mosquito control methods were also used including covering water tanks
with lids (34.1%), keeping fish in water containers (33%), eliminating breeding sites (30.2%),
and wearing long-sleeve clothes (25.1%). A few individuals applied mosquito coil burning,
repellents, larvicides, or window /door screening to prevent mosquito bites.
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Table 3. Practices of pig farmers about mosquito-borne diseases.

Question: What Do You Do to Prevent Mosquito Bites?

N=179 %

Don’t know 0 0

Screening of windows/doors 13 7.3
Mosquito repellent 22 12.3
Mosquito bed nets 169 94.4
Electric rackets 95 53.1
Coil burning 37 20.7
Long-sleeve clothes 45 25.1
Lidded the water tank 61 34.1
Chemical treatment in water containers 6 3.4
Anti-mosquito products/insecticides 93 52.0
Mosquito breeding site elimination 54 30.2
Fish keeping in water containers 59 33.0

3.4. Associations between Knowledge and Practice and Demographics

The median scores with IQR for knowledge and practices of pig farmers in Hanoi
were 9 + 5 (ranging from 0 to 22) and 3 + 2 (ranging from 0 to 11), respectively. Spearman’s
rank correlation analysis showed a strong positive correlation between knowledge and
practices (Spearman’s rho = 0.68, p < 0.001).

Table 4 presents associations between the demographic factors and the knowledge
and practices of pig farmers. District location and university education were significantly
associated with both knowledge and practices (p < 0.05). The pig farmers in the districts of
Bac Tu Liem and Dan Phuong showed significantly higher scores for their knowledge and
practices than those in Chuong My district. However, the farmers in Ha Dong district had
significantly higher scores for knowledge, but not a significant difference in the practice
scores compared to the pig keepers in Chuong My district. The farmers who had gradu-
ated from a university obtained knowledge scores significantly higher than those at the
primary level of education, but the practice score was not significantly different between
higher education levels and the primary level. There were no significant differences in the
knowledge and practice scores of the high school and secondary school levels, as compared
to the primary level. Gender, age, occupation, and experience of a family member with
MBDs (either dengue fever, JE, zika, malaria, or filariasis) were not found to be associated
with knowledge and practice in the multivariable negative binomial regression analysis.

3.5. Mosquito Vectors

Of the 179 farms surveyed, a total of 88% had the presence of potential mosquito
vectors (Culex, Aedes, Mansonia, Armigeres, and Anopheles), with 100%, 85%, 85%, and 85%
of pig farms having vector mosquitoes in the Ha Dong, Bac Tu Liem, Chuong My, and Dan
Phuong districts, respectively (Table 5).

A total of 7699 mosquitoes were collected and classified into the five different genera,
of which 3039 mosquitoes were from the bedroom area defined as indoor mosquitoes and
4660 mosquitoes collected at the pig pen were defined as outdoor mosquitoes. Among
the indoor mosquitos, the Culex mosquitoes were dominant with more than 94.5%, as
compared with other genera of Aedes, Mansonia, Armigeres, and Anopheles. Of the total
genera, Cx. tritaeniorhynchus constituted 74.6%, followed by the Cx. vishnui sub-group
(8.7%), Cx. quinquefasciatus (6.5%), and Cx. gelidus (4.6%) (Table 6). Similarly, the species
of Cx. tritaeniorhynchus, Cx. gelidus, and Cx. vishnui around pig pens were found at 66.5%,
13.6%, and 8.4%, respectively (Table 7). The numbers of indoor versus outdoor mosquitoes
were not significantly different (p = 0.202) (Table 8).
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Table 4. Knowledge (K) and practice (p) scores with respect to demographics.
Knowledge and Practice Scores with Respect to Demographics (N = 179)
K-Score p-Value p-Value p-Score p-Value p-Value
Variable (Median + (Univari- (Multivari- (Median + (Univari- (Multivari-
IQR) able) able) IQR) able) able)
9+£5 3+2
Gender *
Male 9+£5 0.715 - 3£2 0.506
Female 10+6 3+25
Family member experienced
with MBD *
Yes 9+4 0.741 - 3+05 0.757
No 10+5 3£2
District **
Chuong My 7+4 <0.001 Ref. 2+1 <0.001 Ref.
Dan Phuong 13 £10 <0.001 66 <0.001
Bac Tu Liem 12+4 <0.001 3+1 <0.001
Ha Dong 9+2 0.038 3+1 0.206
Age L
30-39 9+£3 0.923 - 2+1 0.224 -
40-49 9+5 3+2
49-50 9+45 3£2
60+ 9+£5 3+2
Level of education **
Primary school 10£8 0.014 Ref. 3+25 0.211 Ref.
Secondary 9+5 0.670 3+2 0.280
High school 9+4 0.453 3+2 0.098
College/University 125+75 0.007 355 0.058
Occupation**
Officer 105+3 0.037 Ref. 3+5 0.038 Ref.
Farmer 10 £5.5 0.394 3+2 0.913
Unemployed 6.5+35 0.333 2405 0.163
Retired 12+ 11 0.583 7+5 0.725
Others 9+2 0.909 3+1 0.797
* Mann-Whitney U test; ** Kruskal-Wallis test; Ref., Reference.
Table 5. Summary of mosquito vector presence.
District No. Pig Farm Surveyed No. of Farm with Mosquito Vectors %
Chuong My P 53 45 85
Dan Phuong ? 41 35 85
Bac Tu Liem 2 53 45 85
Ha Dong ? 32 32 100
Total 179 157 88

Abbreviations: a, peripheral; b, peri-urban.
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Table 6. Summary of mosquito species collected at bedroom—indoor.
Bac Tu Liem ? Chuong My P Dan Phuong ® Ha Dong ?
Mosquito Species
No. % No. % No. % No. % No. %
Aedes albopictus 6 0.9 5 1.9 6 1.6 1 0.1 18 0.6
Culex tritaeniorhynchus 479 69.8 181 68.8 224 58.8 1383 80.9 2267 74.6
Cx. vishnui subgroup 68 9.9 16 6.1 86 22.6 95 5.6 265 8.7
Cx. quinquefasciatus 70 10.2 18 6.8 19 5.0 90 53 197 6.5
Cx. gelidus 38 5.5 17 6.5 8 2.1 78 4.6 141 4.6
Cx. fuscocephalus 0 0.0 2 0.8 0 0.0 0 0.0 2 0.1
Mansonia spp. 0 0.0 1 0.4 0 0.0 0 0.0 1 0.0
Ma. uniformis 4 0.6 0 0.0 2 0.5 1 0.1 7 0.2
Ma. annulifera 3 0.4 1 0.4 12 3.1 1 0.1 17 0.6
Ma. indiana 0 0.0 0 0.0 0 0.0 1 0.1 1 0.0
Armigeres spp. 0 0.0 1 0.4 4 1.0 39 2.3 44 14
Anopheles spp. 0 0.0 0 0.0 0 0.0 1 0.1 1 0.0
Anopheles aconitus 0 0.0 0 0.0 0 0.0 1 0.1 1 0.0
An. hycanus 18 2.6 21 8.0 20 52 18 11 77 2.5
Total 686 100 263 100 381 100 1709 100 3039 100
Abbreviations: a, peripheral city district; b, peri-urban.
Table 7. Summary of mosquito species collected at pig pen—outdoor.
Bac Tu Liem ? Chuong My P Dan Phuong ® Ha Dong ?
Mosquito Species
No. % No. % No. % No. % No. %
Aedes spp. 0 0.0 1 0.2 1 0.1 0 0.0 2 0.0
Aedes albopictus 3 04 1 0.2 1 0.1 1 0.0 6 0.1
Culex tritaeniorhynchus 477 65.9 293 54.1 1057 80.7 1306 62.6 3175 66.5
Cx. vishnui subgroup 116 16.0 3 0.6 93 7.1 175 8.4 399 8.4
Cx. pseudovishnui 0 0.0 0 0.0 1 0.1 3 0.1 4 0.1
Cx. quinquefasciatus 13 1.8 30 55 22 1.7 106 5.1 176 3.7
Cx. gelidus 72 9.9 61 11.3 45 3.4 423 20.3 648 13.6
Cx. fuscocephalus 0 0.0 16 3.0 0 0.0 0 0.0 16 0.3
Mansonia spp. 0 0.0 19 3.5 0 0.0 0 0.0 19 0.4
Ma. uniformis 4 0.6 2 0.4 3 0.2 8 0.4 17 0.4
Ma. annulifera 5 0.7 3 0.6 16 1.2 6 0.3 33 0.7
Ma. indiana 0 0.0 0 0.0 0 0.0 1 0.0 1 0.0
Armigeres spp. 2 0.3 1 0.2 1 0.1 20 1.0 26 0.5
Anopheles spp. 32 4.4 112 20.7 69 53 36 1.7 254 5.3
Total 724 100 542 100 1309 100 2085 100 4660 100
Abbreviations: a, peripheral city district; b, peri-urban.
Table 8. Comparison of mosquitoes collected between pig owner bedroom and pig pen.
TOtaé(l:/lll(; scct]:étoes Number of Pig Farm Mosqult;;:r\;erage Per 95% CI p-Value
In bedroom 3039 179 17.0 6.70-27.2
(indoor)
X 0.202
In pig pen 4660 179 26.0 15.1-36.9
(outdoor)

3.6. Univariable Analysis at Animal Level

A total of 636 pigs from 179 farms in the four districts of suburban Hanoi were
examined for antibodies against flaviviruses by a cELISA kit. Apparent seroprevalence
was 88.5% (95% CI = 85.8-90.9%). Seroprevalence of pigs of smallholders with less than
10 animals (71.4%; 95% CI = 62.4-80.4%) was significantly lower than small farms of
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less than 30 pigs (89.1%; 95% CI = 85.2-92.9%), and small-medium farms of less than
60 pigs (94.2%; 95% CI = 90.8-97.5%), and medium farms with more than 60 pigs (93.5%;
95% CI = 88.5-98.6%). The seroprevalence of pigs under 4 months old varied from 90.1%
for 4 months old pigs to 98.2% for 2 months old, which was significantly higher than for
slightly older pigs, above 6 months old, at 65.9% (p-value < 0.05).

The seropositivity found in the peri-urban district Dan Phuong (68.3%;
5% CI = 60.0-76.7%) was significantly lower than in the peripheral districts of Ha Dong
(89.7%; 95% CI = 83.6-95.8%), Bac Tu Liem (92.6%; 95% CI = 83.6-95.8%), and the Chuong
My peri-urban district (95.8%; 95% CI = 92.9-98.6%).

Univariable analyses at animal level (Table 9) determined significant associations
between seropositive pigs and herd size, age of pig, and district location.

Table 9. Results from univariable analysis showing the association between seropositivity of pigs
and exposure variables.

525?:;;: Label Total Test Positive Ser(()gpsr;)vgllcince © SEZRCI) p-Value
<10 pigs 98 70 ( 62.11—.;10. 4) Ref. -
Herd size 10-29 pigs 26 228 (85.29—.912.9) (1.8?—256.87) <0.001
30-59 pigs 189 178 (90.984_57. 5 o o 32) <0.001
=60 pigs %3 87 (88.95?:.958.6) (2.257.—834.8) <0.001
Crossbreed 387 326 8 Oizi827 9) Ref. -
Breed pone 84 76 (84.91956.8) (0.81223?.87) 0-147
Local 3 3 100 - -
>6 months 44 29 (51.675—'890. 1) Ref. -
2 months 56 55 © 4'978_?00) . 5288_'4212 6) 0.002
Age group 3 months 228 217 (92215—.928. 0) ( 4.218(2.22 43) <0.001
4 months 192 173 (85.999'91 43) (2.1‘;_7 110.3) <0.001
5 months 7 >3 (642'864.9) (0.61715??.46) 0315
Dan Phuong 120 82 ( 60'%8_';’ 6.7) Ref. -
. Chuong My 189 181 (92.995_ o 6 “ e 5 <0.001
Bac Tu Liem 230 213 (89.922—.966. 0 G 1?51109) <0.001
Ha Dong 7 87 (83.869—.975.8) (1.8395.61) <0.001

Abbreviations: OR, odds ratio; CI, confidence interval; Ref., Reference.

3.7. Multivariable Analysis Results at Animal Level

The mixed-effects multivariable logistic regression model identified significant associ-
ations between the seropositivity of pigs and the larger farm size with at least 60 pigs, and
the location of Ha Dong and Chuong My districts (p < 0.05), while the breed and the age
were not a risk factor (Table 10).
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Table 10. Multivariable analysis of risk factors for pigs.

Exposure Variable Categories Coef. OR 95% CI p-Value
<10 pigs Ref. Ref.
Herd size 10-29 pigs 1.61 5.03 0.57-44.31 0.146
30-59 pigs 2.39 10.94 0.97-122.8 0.053
>60 pigs 4.01 55.01 2.03-1491 0.017
>6 months Ref. Ref.
Age group 2 months —1.33 0.26 0.006-10.7 0.481
3 months -2.15 0.12 0.003-4.75 0.256
4 months —3.42 0.03 0.0006-1.89 0.098
5 months -3.19 0.04 0.0004-3.76 0.166
Dan Phuong Ref. Ref.
District Chuong My 2.97 194 1.19-315 0.037
Bac Tu Liem 2.26 9.60 0.74-125 0.084
Ha Dong 2.97 19.4 1.08-349 0.044
Constant 2.77 15.99 0.25-1019 0.191
Estimate 95% CI

Random effect of
farm

9.80 4.63-20.75

Abbreviations: Coef., Coefficients; Ref., Reference; OR, odds ratio; CI, confidence interval.

3.8. Univariable Analysis Results at Farm Level

A positive farm was defined as having at least one pig positive by the cELISA test.
The results of univariable analyses at farm level identified significant associations between
seropositive farms and herd size; some mosquito control measures of the owners con-
sisted of using repellent, wearing long-sleeve clothes, and covering the lid on water tanks
(Table 11).

The odds of being seropositive in the pig herds with 10 to 29 pigs were significantly
higher than in the herds of less than 10 pigs (OR = 7.85, p = 0.003). Pig farms where the
owner was not using repellents had a higher odds ratio of being seropositive (OR = 6.22,
p = 0.008). A similar higher seropositivity at pig farms was recorded by not wearing long-
sleeve clothes by pig keepers (OR = 6.05, p = 0.009), and not closing the lid of the water
tank (OR =7.58, p = 0.01).

There was no significant difference in seropositivity of farms depending on district
location, and mosquito vectors. Likewise, significant associations between seropositivity
and mosquito-borne disease history in the family, mosquito prevention by window /door
screening, electric trap or racket, mosquito coil burning, larvicides, spraying insecticide,
and keeping fish inside water tanks were not found in this study.

3.9. Multivariable Analysis Results at Farm Level

The multivariable analysis showed a significant positive association between the seropos-
itivity of pig farms and the practice of “breeding site elimination” (Coefficients =—6.61;
p = 0.021), with more farms eliminating breeding grounds having a higher risk for positive
animals, whereas the other variables were not significantly associated with the seropositivity
of farms.
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Table 11. Results from univariable analysis at farm level.

Exposure Variable Label Total HH Tested HH Positive (95?221) p-Value
Dan Phuong b 41 32 Ref. -
- Chuong My b 53 53 - -
District Bac Tu Liem ? 53 53 - -
Ha Dong @ 32 29 272 0.161
(0.67-11.0) ’
<10 pigs 35 26 Ref. -
Herd si 10-29 pigs 71 68 7.8 0.003
erd size Pig (1.97-31.3) '
30-59 pigs 47 47 -
>60 pigs 26 26 - -
Mosquito vector presence No 2 21 ORe6f3 0.668
Yes 157 146 (0.08-5.15)
Family member not experienced No 167 156 Ref. 0.816
with mosquito disease Yes 12 1 0.78 ’
(0.09-6.57)
Mosquito prevention practice
by using;:
Yo 2 22 Ref.
Window /door screen ©s 6 3 37 0.07
No 152 144 (0.91-11.8)
Repellent Yes 63 54 ngz 0.008
No 115 112 (1.62-23.9)
. Yes 173 161 Ref.
Mosquito net No 5 5 )
Electric racket/portable electric trap Yes 102 73 5?5 0.211
No 76 73 (0.61-9.01)
Mosquito coil /Incense stick Yes 59 >4 i{ig 0.518
No 119 112 (0.45-4.88)
Long-sleeve clothes Yes 64 % 5‘;{5 0.009
No 114 111 (1.58-23.3)
Ye 76 66 Ref.
Lid covered on water tank ©s 7 28 0.01
No 102 100 (1.16-25.7)
Chemical/larvicide in water Yes 11 9 Ref. 0.14
container 3.49 :
No 167 157 (0.66-18.3)
Insecticides spraying Yes 7 89 1R(;f3 0.386
No 81 77 (0.50-5.97)
Breeding site elimination Yes 63 61 OR(;I 0.178
No 115 105 (0.07-1.62)
Ye 77 69 Ref.
Fish in water container es 5 Zl 0.102
No 101 7 (0.81-9.71)

Abbreviations: HH, Household; OR, odds ratio; CI, confidence interval; a, peripheral; b, peri-urban.

4. Discussion

The results of this study illustrated gaps in pig farmer awareness about MBDs, as
well as their preventive practices. In particular, the knowledge score was 9 out of 22,
and the practice score was 2 from the total of 11. Pig keepers with university education
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depicted better knowledge and practices as compared to the primary level (p < 0.05), which
is in agreement with other studies aiming to support MBDs control for lower educational
populations [25,26]. Most of the farmers of Hanoi knew that dengue and malaria are caused
by mosquito vectors. In contrast, few of them (7%) mentioned JE, which is much lower
as compared to a previous study in Kathmandu (42%) and Morang (25%) of Nepal [27].
At least 6% of the respondents were not able to mention any potential risk factors of
contracting MBDs as well as any symptoms, while most of the remaining participants only
mentioned high fever or/and hemorrhage. About 40% of the farmers did not recognize
livestock playing a role in MBD transmission. This finding is similar to a previous study
in India [28]. The pig farmers from different occupational backgrounds did not have a
significant difference in their awareness.

Typical characteristics of smallholder pig farms in Hanoi are that most of the pig pens
are constructed inside the family garden close to the owner’s house and many pig owners
prefer to keep several species such as cattle, poultry, and pets on their farm. Taking into
account that an average flight distance of mosquito species can be from several hundred
meters for Aedes mosquitoes [29,30] to several kilometers for Culex genus [31], gives the
opportunity for MBD circulation among human, livestock, and vector populations in
suburban Hanoi.

Our study identified that Culex mosquitoes, especially Cx. tritaeniorhynchus, were
prominent in the pig farms in Hanoi. This finding is similar to a study in China, showing
that 73% of the mosquito abundance at pig farms was Cx. tritaeniorhynchus [32]. A previous
study demonstrated that Cx. tritaeniorhynchus was found at 69%, followed by Cx. vishnui
at 19% in Hanoi, as of 2004 [33]. Several Culex species including Cx. quinquefasciatus,
Cx. vishnui subgroup, Cx. gelidus, Cx. fuscocephalus, and other genera of Aedes, Mansonia,
Armigeres, and Anopheles were also present in pig rearing areas in suburban Hanoi.

Some studies have demonstrated a strong correlation between vector abundance and
seropositive against JEV, a zoonotic flavivirus, in pigs [34,35]. The flavivirus seropositivity
in the pig population was 88.5%, which was much higher than a previous study that
used the same ELISA kit in northern Vietnam at 60.4% [36], which could be explained by
the fact that our study also included younger pigs still having maternal antibodies. We
recorded a gradual decline in seropositivity from 98.2% of two months old pigs, the age
that maternal antibodies start disappearing [37], to 65.9% of pigs older than 6 months.
Further immunological investigation of flavivirus infections in pigs under field condition
is suggested.

Our study indicated common mosquito control measures applied by pig farmers
in Hanoi could not reduce seropositivity against flaviviruses in their pig herds. In fact,
mosquito vector control can only work effectively in certain conditions such as having a
good understanding of the mosquito vectors in the control area, sustainability of mosquito
preventive practices, and maintenance of political support in controlling MBDs [38—41].

Multivariable analysis at animal level determined the pig farms with more than 60 pigs
and the district location as major risk factors for seropositivity of flavivirus infections.
However, at farm level, not eliminating mosquito breeding sites through other means was
associated with significantly reduced seropositivity on pig farms. This is an unusual result
that could be affected by confounding factors on the pig farms, because this elimination
of mosquito breeding sites can break down the life cycle of mosquito vectors. It may in
fact be that farms with a very high burden of mosquitoes are the ones that have both high
seroprevalence, as well as the ones trying to eliminate breeding sites.

Vaccination against mosquito-borne flaviviruses is not practical for the large pig
population, and thus serological monitoring in pigs could be useful to better understand
the potential risks and epidemiology of flavivirus infections in pig farms.

Our study had some limitations. The pig owners allowed us to take samples from pigs
at 2 to 18 months old, only; therefore, analyses for older pigs were missing. The survey
was conducted in only two months in the dry season; however, mosquito trapping and
pig blood sampling extension to different seasons in a whole year would provide a better
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epidemiological understanding of MBD flavivirus circulation in Hanoi city. Mosquito vector
control practices of the pig farmers were not observed, just reported, and the effectiveness
of mosquito control measures was not evaluated. The study acknowledges the limitation
of missing full plaque reduction neutralization test (PRNT) analysis for specific antibodies
against JEV, DENV, and ZIKV, which are the flaviviruses that are endemically circulating in
Vietnam, and for all pig blood samples, due to limited budget of the project and the low
diagnostic laboratory capacity in Vietnam.

5. Conclusions

The study indicates gaps in pig farmer perception and practices on MBD prevention,
but a high seroprevalence for flaviviruses among the pig populations. In Hanoi, where pigs
are kept close to human living areas, a high flavivirus seroprevalence in pig populations
(88.5%) indicated a potential risk of mosquito-borne zoonotic flavivirus exposure to the
inhabitants. Therefore, the need for awareness improvement for pig-keeping households is
highlighted.

The Culex genus, mainly Cx. tritaeniorhynchus, was the most abundant mosquito in
the pig farms of Hanoi. Furthermore, some common mosquito preventive measures of
pig farmers did not significantly reduce seropositivity in their pigs. Our study could not
find an association between the age of pigs and seropositivity in pigs; although, we found
significant associations with the farms keeping at least 60 pigs and the district location.

Author Contributions: All authors contributed to the conception and design of this study. Conceptu-
alization, L.P-T.; Field investigation, L.P-T., TN.-T. and M.X.C.; ELISA testing, V.N.B. and A.N.B,;
Mosquito identification, D.T.V. and S.H.T.; Data analysis and mapping, L.P.-T.; Supervision, J].EL.,
UM., A.L. and HN.-V;; L.P-T. did the first draft, and all authors reviewed and contributed. J.EL.
supervised the project. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the Swedish Research Council for Environment, Agricultural
Sciences, and Spatial Planning (Formas, grant number 2016-00364). The project was also supported
by CGIAR Research Program on Agriculture for Nutrition and Health (A4NH).

Institutional Review Board Statement: The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and approved by the Ethical Committee of Hanoi University of Public
Health (No 406/2018/YTCC-HD3, 6 August 2018). The purpose of this study was explained to pig
owners by veterinary officers of the Hanoi Sub-Department of Livestock Production and Animal
Health and participants were only included after informed consent.

Informed Consent Statement: Not applicable.

Data Availability Statement: All datasets supporting our findings are available from the correspond-
ing author on reasonable request.

Acknowledgments: We thank the Sub-Department of Livestock Production and Animal Health of
Hanoi city for their great contribution to the field investigation. We are grateful to the National
Institute for Veterinary Research (Ministry of Agriculture and Rural Development of Vietnam) and
the National Institute for Hygiene and Epidemiology (Ministry of Health of Vietnam) for their kind
support with laboratory analysis.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

1. Pierson, T.C.; Diamond, M.S. The continued threat of emerging flaviviruses. Nat. Microbiol. 2020, 5, 796-812. [CrossRef] [PubMed]

2. Gwee, S.X.W,; John, A.L.S,; Gray, G.C.; Pang, ]. Animals as potential reservoirs for dengue transmission: A systematic review.
One Health 2021, 12, 100216. [CrossRef] [PubMed]

3.  Ladreyt, H.; Durand, B.; Dussart, P.; Chevalier, V. How Central Is the Domestic Pig in the Epidemiological Cycle of Japanese
Encephalitis Virus? A Review of Scientific Evidence and Implications for Disease Control. Viruses 2019, 11, 949. [CrossRef]

[PubMed]


http://doi.org/10.1038/s41564-020-0714-0
http://www.ncbi.nlm.nih.gov/pubmed/32367055
http://doi.org/10.1016/j.onehlt.2021.100216
http://www.ncbi.nlm.nih.gov/pubmed/33598525
http://doi.org/10.3390/v11100949
http://www.ncbi.nlm.nih.gov/pubmed/31618959

Trop. Med. Infect. Dis. 2022, 7,79 15 of 16

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Gutiérrez-Guzman, A.-V.; Vicente, J.; Sobrino, R.; Perez-Ramirez, E.; Llorente, F.; Hofle, U. Antibodies to West Nile virus and
related flaviviruses in wild boar, red foxes and other mesomammals from Spain. Vet. Microbiol. 2012, 159, 291-297. [CrossRef]
[PubMed]

Nunez-Avellaneda, D.; Cetina-Trejo, R.C.; Zamudio-Moreno, E.; Baak-Baak, C.; Cigarroa-Toledo, N.; Reyes-Solis, G.; Ortega-
Pacheco, A.; Suzan, G.; Tandugu, C.; Garcia-Rejon, J.E.; et al. Evidence of Zika Virus Infection in Pigs and Mosquitoes, Mexico.
Emerg. Infect. Dis. 2021, 27, 574-577. [CrossRef]

Park, S.L.; Huang, Y.-].S.; Lyons, A.C.; Ayers, V.B.; Hettenbach, S.M.; McVey, D.S.; Burton, K.R.; Higgs, S.; VanLandingham, D.L.
North American domestic pigs are susceptible to experimental infection with Japanese encephalitis virus. Sci. Rep. 2018, 8, 7951.
[CrossRef]

Japanese Encephalitis Virus (JEV). 2022. Available online: https:/ /www.health.gov.au/health-alerts /japanese-encephalitis-virus-
jev/about (accessed on 7 April 2022).

De Wispelaere, M.; Despres, P.; Choumet, V. European Aedes albopictus and Culex pipiens Are Competent Vectors for Japanese
Encephalitis Virus. PLoS Negl. Trop. Dis. 2017, 11, €0005294. [CrossRef]

Ravanini, P.; Huhtamo, E.; Ilaria, V.; Crobu, M.G.; Nicosia, A.M.; Servino, L.; Rivasi, F; Allegrini, S.; Miglio, U.; Magri, A.; et al.
Japanese encephalitis virus RNA detected in Culex pipiens mosquitoes in Italy. Eurosurveillance 2012, 17, 20221. [CrossRef]
Pham-Thanh, L.; Magnusson, U.; Can-Xuan, M.; Nguyen-Viet, H.; Lundkvist, A.; Lindahl, J. Livestock Development in Hanoi
City, Vietnam—Challenges and Policies. Front. Vet. Sci. 2020, 7, 566. [CrossRef]

Hanoi Statistics Office. Hanoi Statistical Yearbook 2018; Hanoi Statistics Office: Hanoi, Vietnam, 2019.

Ohba, S.-Y.; Van Soai, N.; Van Anh, D.T.; Nguyen, Y.T.; Takagi, M. Study of mosquito fauna in rice ecosystems around Hanoi,
Northern Vietnam. Acta Trop. 2014, 142, 89-95. [CrossRef]

World Health Organization. Made in Viet Nam Vaccines: Efforts to Develop Sustainable In-Country Manufacturing for Seasonal
and Pandemic Influenza Vaccines Consultation Held in Viet Nam. [Online]. No. June, p. 45. 2016. Available online: http:
/ /apps.who.int/bookorders (accessed on 19 February 2021).

Tran, N.H.; Chansinghakul, D.; Chong, C.Y.; Low, C.Y.; Shek, L.; Luong, C.Q.; Frago, C.; Wartel, T.A,; Sun, S.; Skipetrova, A.;
et al. Long-term immunogenicity and safety of tetravalent dengue vaccine (CYD-TDV) in healthy populations in Singapore and
Vietnam: 4-year follow-up of randomized, controlled, phase II trials. Hum. Vaccines Immunother. 2019, 15, 2315-2327. [CrossRef]
Nguyen-Tien, T.; Probandari, A.; Ahmad, R.A. Barriers to Engaging Communities in a Dengue Vector Control Program: An
Implementation Research in an Urban Area in Hanoi City, Vietnam. Am. . Trop. Med. Hyg. 2019, 100, 964-973. [CrossRef]
Nguyen-Tien, T.; Pham, L.T.; Vu, D.T,; Tran, S.H.; Vu, L.T,; Bui, V.N,; Bui, A.N.; Hoang, T.D.; Vu, T.T.; Nguyen-Viet, H.; et al.
Knowledge and practice on prevention of mosquito-borne diseases in livestock-keeping and non-livestock-keeping communities
in Hanoi city, Vietnam: A mixed-method study. PLoS ONE 2021, 16, €0246032. [CrossRef]

Sriwichai, P.; Karl, S.; Samung, Y.; Sumruayphol, S.; Kiattibutr, K.; Payakkapol, A.; Mueller, I; Yan, G.; Cui, L.; Sattabongkot, J.
Evaluation of CDC light traps for mosquito surveillance in a malaria endemic area on the Thai-Myanmar border. Parasites Vectors
2015, 8, 636. [CrossRef]

Biogents. Instruction Manual for the Biogents Sentinel; Biogents: Regensburg, Germany, 2011; pp. 1-13.

Wilke, A.B.B.; Vasquez, C.; Carvajal, A.; Moreno, M.; Petrie, W.D.; Beier, ].C. Evaluation of the effectiveness of BG-Sentinel and
CDC light traps in assessing the abundance, richness, and community composition of mosquitoes in rural and natural areas.
Parasites Vectors 2022, 15, 51. [CrossRef]

Reisen, W.K,; Aslamkhan, M. Biting rhythms of some Pakistan mosquitoes (Diptera: Culicidae). Bull. Entomol. Res. 1978, 68,
313-330. [CrossRef]

Yildirim, Y,; Yilmaz, V.; Yazici, K.; Ozic, C.; Ozkul, A. Molecular and serological investigation of West Nile virus (WNV) infection
in donkeys, horses and native geese in Turkey. Rev. Med. Vet. 2018, 169, 87-92.

Azmi, K,; Tirosh-Levy, S.; Manasrah, M.; Mizrahi, R.; Nasereddin, A.; Al-Jawabreh, A.; Ereqat, S.; Abdeen, Z.; Lustig, Y.; Gelman,
B.; et al. West Nile Virus: Seroprevalence in Animals in Palestine and Israel. Vector-Borne Zoonotic Dis. 2017, 17, 558-566.
[CrossRef]

Zhang, Z. Model building strategy for logistic regression: Purposeful selection. Ann. Transl. Med. 2016, 4, 111. [CrossRef]
Hazra, A.; Gogtay, N. Biostatistics series module 6: Correlation and linear regression. Indian J. Dermatol. 2016, 61, 593-601.
[CrossRef]

Diaz-Quijano, F.A.; Martinez-Vega, R.A.; Rodriguez-Morales, A.].; Rojas-Calero, R.A.; Luna-Gonzalez, M.L.; Diaz-Quijano, R.G.
Association between the level of education and knowledge, attitudes and practices regarding dengue in the Caribbean region of
Colombia. BMC Public Health 2018, 18, 143. [CrossRef]

Chapot, L.; Nguyen-Tien, T.; Pham-Thanh, L.; Nguyen-Viet, H.; Craven, L.; Lindahl, J.F. A Mixed-Methods Approach to
Understanding Knowledge of Mosquito-Borne Infections and Barriers for Protection in Hanoi, Vietnam. Trop. Med. Infect. Dis.
2020, 5, 66. [CrossRef]

Chapagain, A.; Singh, S.; Thapa, D.B. Knowledge Regarding Japanese Encephalitis among Pig Farmers of Kathmandu and
Morang Districts of Nepal. J. Inst. Agric. Anim. Sci. 2018, 35, 225-234. [CrossRef]

Chaturvedi, S.; Sharma, N.; Kakkar, M. Perceptions, practices and health seeking behaviour constrain JE/AES interventions in
high endemic district of North India. BMC Public Health 2017, 17, 645. [CrossRef]


http://doi.org/10.1016/j.vetmic.2012.04.019
http://www.ncbi.nlm.nih.gov/pubmed/22595138
http://doi.org/10.3201/eid2702.201452
http://doi.org/10.1038/s41598-018-26208-8
https://www.health.gov.au/health-alerts/japanese-encephalitis-virus-jev/about
https://www.health.gov.au/health-alerts/japanese-encephalitis-virus-jev/about
http://doi.org/10.1371/journal.pntd.0005294
http://doi.org/10.2807/ese.17.28.20221-en
http://doi.org/10.3389/fvets.2020.00566
http://doi.org/10.1016/j.actatropica.2014.11.002
http://apps.who.int/bookorders
http://apps.who.int/bookorders
http://doi.org/10.1080/21645515.2019.1578595
http://doi.org/10.4269/ajtmh.18-0411
http://doi.org/10.1371/journal.pone.0246032
http://doi.org/10.1186/s13071-015-1225-3
http://doi.org/10.1186/s13071-022-05172-3
http://doi.org/10.1017/S0007485300007392
http://doi.org/10.1089/vbz.2016.2090
http://doi.org/10.21037/atm.2016.02.15
http://doi.org/10.4103/0019-5154.193662
http://doi.org/10.1186/s12889-018-5055-z
http://doi.org/10.3390/tropicalmed5020066
http://doi.org/10.3126/jiaas.v35i1.22545
http://doi.org/10.1186/s12889-017-4654-4

Trop. Med. Infect. Dis. 2022, 7,79 16 of 16

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Bergero, PE.; Ruggerio, C.A.; Lombardo, R.; Schweigmann, N.J.; Solari, H.G. Dispersal of Aedes aegypti: Field study in temperate
areas using a novel method. J. Vector Borne Dis. 2013, 50, 163-170.

Maciel-de-Freitas, R.; Neto, R.B.; Gongalves, ].M.; Codego, C.T.; Lourengo-de-Oliveira, R. Movement of dengue vectors between
the human modified environment and an urban forest in Rio de Janeiro. |. Med. Entomol. 2006, 43, 1112-1120. [CrossRef]
Verdonschot, PF.; Besse-Lototskaya, A. Flight distance of mosquitoes (Culicidae): A metadata analysis to support the management
of barrier zones around rewetted and newly constructed wetlands. Limnologica 2014, 45, 69-79. [CrossRef]

Ren, X.; Fu, S.; Dai, P; Wang, H.; Li, Y; Li, X;; Lei, W.; Gao, X.; He, Y.; Lv, Z,; et al. Pigsties near dwellings as a potential risk factor
for the prevalence of Japanese encephalitis virus in adult in Shanxi, China. Infect. Dis. Poverty 2017, 6, 100. [CrossRef]

Bryant, J.E.; Nam, V.S.; Miller, B.R.; Yen, N.T.; Crabtree, M.B.; Duc, H.M. Isolation of arboviruses from mosquitoes collected in
northern vietnam. Am. J. Trop. Med. Hyg. 2005, 73, 470-473. [CrossRef]

Baruah, A.; Hazarika, R.; Barman, N.; Islam, S.; Gulati, B. Mosquito abundance and pig seropositivity as a correlate of Japanese
encephalitis in human population in Assam, India. ]. Vector Borne Dis. 2018, 55, 291-296. [CrossRef]

Lindahl, J.E; Stahl, K.; Chirico, J.; Boqvist, S.; Thu, H.T.V.; Magnusson, U. Circulation of Japanese Encephalitis Virus in Pigs and
Mosquito Vectors within Can Tho City, Vietnam. PLoS Negl. Trop. Dis. 2013, 7, €2153. [CrossRef]

Ruget, A.-S.; Beck, C.; Gabassi, A.; Trevennec, K.; Lecollinet, S.; Chevalier, V.; Cappelle, J. Japanese encephalitis circulation pattern
in swine of northern Vietnam and consequences for swine’s vaccination recommendations. Transbound. Emerg. Dis. 2018, 65,
1485-1492. [CrossRef]

Cappelle, J.; Duong, V.; Pring, L.; Kong, L.; Yakovleff, M.; Prasetyo, D.B.; Peng, B.; Choeung, R.; Duboz, R.; Ong, S; et al. Intensive
Circulation of Japanese Encephalitis Virus in Peri-urban Sentinel Pigs near Phnom Penh, Cambodia. PLoS Negl. Trop. Dis. 2016,
10, e0005149. [CrossRef]

Yamamoto, S.S.; Louis, V.R.; S5ié, A.; Sauerborn, R. The effects of zooprophylaxis and other mosquito control measures against
malaria in Nouna, Burkina Faso. Malar. J. 2009, 8, 283. [CrossRef]

Liu, N. Insecticide resistance in mosquitoes: Impact, mechanisms, and research directions. Annu. Rev. Entomol. 2015, 60, 537-559.
[CrossRef]

Benelli, G.; Jeffries, C.; Walker, T. Biological control of mosquito vectors: Past, present, and future. Insects 2016, 7, 52. [CrossRef]
Wilson, A.L.; Courtenay, O.; Kelly-Hope, L.A.; Scott, TW.; Takken, W.; Torr, S.J.; Lindsay, S.W. The importance of vector control
for the control and elimination of vector-borne diseases. PLoS Negl. Trop. Dis 2020, 14, e€0007831. [CrossRef]


http://doi.org/10.1093/jmedent/43.6.1112
http://doi.org/10.1016/j.limno.2013.11.002
http://doi.org/10.1186/s40249-017-0312-4
http://doi.org/10.4269/ajtmh.2005.73.470
http://doi.org/10.4103/0972-9062.256564
http://doi.org/10.1371/journal.pntd.0002153
http://doi.org/10.1111/tbed.12885
http://doi.org/10.1371/journal.pntd.0005149
http://doi.org/10.1186/1475-2875-8-283
http://doi.org/10.1146/annurev-ento-010814-020828
http://doi.org/10.3390/insects7040052
http://doi.org/10.1371/journal.pntd.0007831

	Introduction 
	Materials and Methods 
	Study Design 
	Questionnaire and Interviews 
	Blood Sample Collection and Storage 
	Mosquito Collection and Identification 
	Laboratory Technique 
	Statistical Analysis 

	Results 
	Pig Farmer Demographics 
	Knowledge of Pig Farmers 
	Practices of Pig Farmers 
	Associations between Knowledge and Practice and Demographics 
	Mosquito Vectors 
	Univariable Analysis at Animal Level 
	Multivariable Analysis Results at Animal Level 
	Univariable Analysis Results at Farm Level 
	Multivariable Analysis Results at Farm Level 

	Discussion 
	Conclusions 
	References

