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SUMMARY

Japanese encephalitis is the leading cause of encephalitis in Asia. The disease is caused by
Japanese encephalitis virus (JEV), a vector-borne virus that has an enzootic cycle involving
mosquitoes, pigs and birds. Surveillance programs for detection of virus activity can function
as an early warning system of increased risk of transmission and disease outbreak. Surveillance
of JEV infection is often performed using sentinel animals like pigs. Dogs have recently been
shown to be good sentinels as well. The objective of this study was to determine the
seroprevalence and to assess the host factors in pigs and dogs favoring JEV infection in
Vietnam. For this purpose, 114 blood samples were collected from dogs in rural areas in the
provinces of Hai Duong and Thai Binh in northern Vietnam. Ten blood samples were retrieved
from pigs in the same areas. In addition, 250 blood samples were collected from pigs originating
from all over Vietnam, in a slaughterhouse in Hanoi. Blood samples were tested for antibodies
against JEV using a competitive ELISA method. A total of 30% pigs (n =78) and 72% of dogs
(n=82) were JEV seropositive. The seroprevalence in pigs found in this study is much lower
than the previously found; in the range of 60-100%.This could be indicative of a reduced
infection pressure due to the ongoing depopulation of pigs as a result of the recent outbreak of
African swine fever in the country. Further, the seroprevalence was lower in the south and
south-central areas (19-26%) compared to the north (87%). The seroprevalence among dogs
was higher than in earlier studies suggesting that people in these areas are exposed to JEV in
high extent. The results from the dog samples show a possible correlation between age and JEV
seropositivity. Also breed seems to play a role for the risk of being seropositive.
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INTRODUCTION

Japanese encephalitis is the major worldwide cause of infectious encephalitis in humans with
approximately 68.000 cases annually in the 24 JEV- endemic countries in Asia and the Western
Pacific (Campbell et al., 2011). Only 1% of people infected develop clinical disease, nonethe-
less it leads to death in a third of clinical cases and among survivors neurologic sequelae are
seen in 30%-50% of patients (van den Hurk et al., 2009; Griffiths et al., 2014; Yin et al., 2015).
The disease is caused by Japanese encephalitis virus (JEV) which is a vector-borne RNA-virus
and has an enzootic cycle involving mosquitoes, pigs and birds. Pigs are the main component
in the transmission cycle as they develop high viremia and serve as amplifying hosts while
wading ardeid birds are important for the maintenance of the virus. Humans are dead-end hosts
and are not part in the transmission cycle of the virus. Infected humans and horses develop
encephalitis while infection in pigs causes reproductive disorders. Many other animals get
infected and develop antibodies with no clinical signs of disease (van den Hurk et al., 2009).
The main vector Culex tritaeniorhynchus breeds in rice fields, making JEV a disease of mostly
rural areas (Rosen, 1986). However, competent vectors have also been found in urban homes
(Lindahl et al., 2012).

Vaccination campaigns and other control strategies have decreased the incidence of the disease
in many countries like Japan and South Korea. However, the incidence is expected to increase
in other countries lacking vaccination and surveillance programs and due to population growth,
intensified rice farming and increased pork production (Erlanger et al., 2009). In recent years,
the virus has expanded to new areas and has the potential to spread to Europe and Africa (Gao
etal., 2019).

As the disease is not possible to eradicate, like polio, due to the enzootic cycle there is a need
for monitoring and control of the virus (Solomon, 2000). Animal sentinels are important for
predicting spill-over of the virus into human population. Pigs have been used for JEV
surveillance for many years (Rosen, 1986). Dogs are even better sentinels as they live close to
humans and they do not become viremic after infection and thus do not spread the virus to
humans as pigs do (Shimoda et al., 2010).

The purpose of this study was to assess the seroprevalence of JEV in pigs and dogs in two
provinces in northern Vietnam and to evaluate some risk factors affecting the incidence of JEV
infection. Factors studied for dogs were age, sex, breed and keeping conditions and a factor
studied for pigs was their origin in Vietnam.



LITERATURE REVIEW
Japanese encephalitis virus

Japanese encephalitis virus (JEV) is a mosquito-borne zoonotic virus of the genus flavivirus
belonging to the family Flaviviridae. It belongs to the Japanese encephalitis serogroup together
with St. Louis encephalitis in North America, Murray Valley encephalitis in Australia and West
Nile viruses found in Africa, the Middle East and parts of Europe (De Madrid & Porterfield,
1974; Solomon et al., 2000). Other flaviviruses known to be important human pathogen are
dengue, Yellow fever, West Nile and Zika viruses (Rosen, 1986).

JEV is a single-stranded, positive-sense RNA virus with an envelope protein crucial for viral
attachment and endocytosis. Humans, swine and equines are the only vertebrate hosts in which
JE induces disease although there are many other vertebrate hosts that can be infected with the
virus (Rosen, 1986).

JEV has been divided into 5 different genotypes (G1-G5), all initially originated from a virus
in the Indonesia—Malaysia region (Solomon et al., 2003). Each genotype has a different
geographical distribution, but all are capable of causing disease outbreaks. For example,
endemic cases in the tropics are predominantly due to JEV G1, while G3 is more often found
in temperate areas (Uchil & Satchidanandam, 2001). The distribution of the different genotypes
is changing with both G1 and G3 becoming more widespread and G5 has re-emerged after 50
years with no reported cases (Li et al., 2011).

Epidemiology of the enzootic cycle

JEV is a zoonotic virus and the transmission cycle involves pigs as the amplifying host, ardeid
birds as the reservoir host, and Culex tritaeniorhynchus as the main vector (figure 1). This
makes the interplay between rice cultivation affecting the vector densities, as Cx.
tritaeniorhynchus breeds in rice fields, and pig rearing close to human habitation very important
in the epidemiology. Humans and other mammals like dogs, cats and horses are accidental dead-
end hosts not developing a viremia high enough to pass the virus on to a new vector (Mackenzie
et al., 2006).



Figure 1. Transmission cycle of Japanese encephalitis virus.

Vectors

JEV has been isolated from more than 30 different mosquitoes from different genera including
Culex, Aedes, Anopheles, Armigeres and Mansonia (Pearce et al., 2018). There is evidence that
Cx. tritaeniorhynchus is the major vector throughout most of Asia, but other species play a role
in local and regional transmission, such as Cx. gelidus, Cx. vishnui, Cx. fuscocephala, Cx.
bitaeniorhynchus, Anopheles subpictus, Aedes togoi, (Rosen, 1986; Mackenzie et al., 2006).
Within the Culex vishnui subgroup the Cx. tritaeniorhynchus, Cx. psuedovishui and Cx. vishnui
are most important.

The main vector Cx. tritaeniorhynchus commonly breeds in rice paddies making JE mainly a
disease of rural areas. Seasonal rains with flooding of rice fields leads to an increased mosquito
population and transmission of JEV (Solomon, 2004). Also areas with high rice production and
flooding-related agricultural practices may have a large influence on Cx tritaeniorhync-
hus numbers (Keiser et al., 2005).

Another factor influencing the transmission of the virus is the feeding behavior of the Culex
tritaeniorhyncus. In the Indian study by Arunachalam et al. (2005) where 3,067 blood-engorged
mosquitoes were tested, it was found that a third of mosquitoes had fed on different animal
species thus increasing the risk of JEV transmission. In general, cattle seem to be the preferred
host, followed by pigs (Arunachalam et al., 2005). The feeding behavior is also influenced by
host availability so in the absence of cattle more mosquitoes feed on pigs (Mwandawiro et al.,
2000).



Hosts

Although viremia can be detected in several vertebrate hosts, including horses, dogs and
humans, only porcine and avian hosts have high enough levels of blood viremia to facilitate
transmission to mosquitoes (Pearce et al., 2018). Pigs in this way serve as amplifying hosts.
They do also have a high natural infection rate (98%-100%), long lasting viremia (up to 4 days)
and mosquitoes prefer to feed on them (van den Hurk et al., 2009). Pig populations do also have
a rapid turnover since they are slaughtered at around 6-8 months and replaced by a young and
naive population which helps the amplifying of the virus (Ruget et al., 2018; van den Hurk et
al., 2009). All these factors make domestic pig rearing close to human habitation an important
risk factor for JEV transmission (Solomon, 2006). Amplification in pigs occurs via two cycles.
During the initial cycle approximately 20% of pigs are infected with JEV. Mosquitoes become
infected after feeding on viremic pigs and transmit the virus to other susceptible pigs after a 7-
14 days extrinsic incubation period. This second cycle results in up to 100% seroconversion in
pigs. Human cases start to appear after another 7-14 days of incubation in mosquitoes (Peiris et
al., 1992; van den Hurk et al., 2009). A recent experimental study has shown a direct
transmission route between pigs via oronasal secretions further enhancing their role as
amplifiers (Ricklin et al., 2016).

Also birds play an important role in the epidemiology of JEV. More than 90 bird species are
recognized as amplifying hosts and reservoir hosts of JEV. Some ardeid birds like egrets
(Egretta garzetta) and herons (Nycticorax nycticorax) seem to be particularly susceptible to
infection with JEV and develop high viral titers (van den Hurk et al., 2009; Solomon, 2006).
They seem to be important maintenance hosts for JEV and may function as amplifiers in regions
with a low number of pigs. They also seem to be the source of virus in outbreaks where pigs
are absent (Mackenzie et al., 2006).

Bats, especially fruit bats (megachiroptera) may also function as reservoirs for the virus and are
able to carry the virus long distances (Mackenzie et al., 2008).

How the virus survives the winter months is still not fully elucidated. VVector-free transmission
between pigs may contribute to the persistence of the virus when mosquito populations decline
during the dry season (Diallo et al., 2018). Migratory birds can function as a source of JEV and
serve as viral reservoirs and reintroduce the virus each year (van den Hurk et al., 2009). Other
theories are that the virus might survive in hibernating mosquitoes or in mosquito eggs after
vertical transmission (Mackenzie et al., 2006). In Japan there is evidence that the virus both is
continually reintroduced each year and that it also survives locally (Nabeshima et al., 2009).

Epidemiology of human disease

The first clinical case of JE was documented in Japan in 1871. A large outbreak occurred 50
years later, also in Japan, involving more than 6.000 individuals. Following outbreaks were
reported in 1927, 1934 and 1935. Today, nearly half of the global population lives in countries
where JEV is present (Erlanger et al., 2009).

JE remains the largest cause of viral encephalitis in Asia in humans despite the wide use of
vaccination. The intensity and quality of JE surveillance and serologic diagnosis varies in
4



different countries making the global incidence of JE difficult to estimate. Also it is often
confused with other types of encephalitides (Campbell et al., 2011). Most infections are
asymptomatic or cause a mild febrile illness and less than 1% of human infections progress to
clinical disease which leads to underdiagnosis (van den Hurk et al., 2009). Campbell et al.
(2011) estimated the annual incidence in 2011 in the 24 JE-endemic countries to be 67.900
which is 1.8 cases per 100.000 individuals. According to the estimates by Tsai (2000), disease
burden might be closer to 175.000 cases annually (Tsai, 2000). Approximately 50% of the cases
occur in China and 75% of JE cases occurs in children aged 0-14 years (Campbell et al., 2011).
The case fatality can be as high as 67% although normally it lies between 20% - 40% with
children and elderly at the greatest risk of fatal infection. Neurological sequelae occur in 30%
- 50% of infected humans that survive the disease (van den Hurk et al., 2009; Griffiths et al.,
2014). Previous exposure to one flavivirus leads to development of cross-reacting antibodies
that complicates serological diagnosis but also can protect from infection with a second
flavivirus. Thus, a prior infection with dengue virus has been shown to be protective for patients
with Japanese encephalitis giving a milder form of the disease (Libraty et al., 2002).

JE incidence has increased in recent years in countries with no specific diagnostic centers,
vaccination programs or JEV surveillance such as Bangladesh, Cambodia, India and Laos.
Conversely, countries like China, Japan, South Korea, Nepal and Thailand, where vaccination
programs are used and routine surveillance is pursued, are experiencing a stable or declining
incidence of JE (Erlanger et al., 2009).

Clinical features

Human JEV infection and disease is always the result of an infected mosquito bite. The virus
is first taken up into dendritic cells (Langerhan’s cells) in the skin. The virus is then carried to
the peripheral lymph nodes where replication occurs mainly within macrophages. A short-lived
viremia usually <1 week follows, which precedes the entry of the virus into the central nervous
system. In the majority of cases the infection resolves here. Clinical disease occurs in 1:200-
1:1000 cases after the virus penetrates the blood-brain barrier and infects neuronal cells.
Inflammation and oedema of the affected areas causes the cerebral disease (Mackenzie et al.,
2006; Campbell et al., 2011). The first symptoms are very unspecific including lethargy, fever,
headache and vomiting and appear after a 5-7 day incubation period. Later symptoms are nuchal
rigidity, photophobia, altered consciousness, muscle rigidity, tremors, cranial nerve palsies,
paresis and incoordination (Watt & Jongsakul, 2003; Solomon et al., 2002). Focal or general
seizures are more common in children than in adults and are associated with poorer outcome
(Solomon et al., 2002). Survivors of the disease often show clinical improvement after about 1
week. Nevertheless, neurologic sequelae like paralysis, hemiplegia and limb movement
disorders are common and have been seen in 43.6% of JE survivors 1-2 years after being
discharged from hospital (Yin et al., 2015). There is no cure for the disease, and management
of the disease is purely symptomatic. For many years Japanese encephalitis was treated with
corticosteroids but the randomized placebo-controlled study by Hoke et al. (1992) showed that
there was no benefit of treatment with dexamethasone in 40 patients (Hoke et al., 1992). Also,
interferon-alfa has been used against the disease however there are studies showing no effect



on the outcome, like the one by Solomon et al. (2003) on Vietnamese children with the disease
(Solomon et al., 2003).

There are effective and safe vaccines for human use that have been used effectively in
economically advanced Asian countries (Japan, Taiwan, South Korea) and more recently in
moderate and low-income countries (Thailand, Sri Lanka, Nepal). These vaccination programs
have significantly reduced the incidence of JE (Halstead & Thomas, 2010; Solomon et al.,
2004).

JE infection in animals

Many animal species can get infected but only horses and pigs develop disease. Horses are
dead-end hosts like humans and can develop encephalitis after infection, but do not seem to
play an important role in the transmission cycle of JEV (Rosen, 1986). In pigs, clinical
symptoms are seen if infection occurs after sexual maturity around 8 months of age. Infection
in pregnant sows may result in abortion, stillbirth and embryonic death (Desingu et al., 2016;
Liu et al., 2013). Infected boars may show signs of infertility or orchitis (Teng et al., 2013). In
endemic areas, piglets acquire immunity early in life by absorption of antibodies in colostrum
which can be measured up to 3 months, after their decline they rapidly get infected (Capelle et
al., 2016). This means that the virus has little or no effect on pig production since the majority
of pigs get infected before sexual maturity and gives immunity before the sows first pregnancy.
In endemic areas only young sows under 1.5 years of age seem to yield a lower number of
piglets after infection with JEV (Lindahl et al., 2012). On the other hand, in epidemic areas like
China and Northern Vietnam pigs are affected with reproductive disorders and control measures
such as vaccination of pigs should be used (Khan et al., 2014).

Cattle do not develop clinical disease but can play a role in the transmission of the virus. As
Cx. tritaeniorhynchus has cattle as preferred host to feed on bovines may function as passive
zooprophylaxis as they do not develop viremia high enough to pass the virus to mosquitoes,
thus impeding JEV transmission (Mwandawiro et al., 2000).

Geographical distribution and spreading

Japanese encephalitis virus is present in eastern, south-eastern and southern Asia and has spread
to the western pacific including the Indonesian archipelago, Papua New Guinea and Northern
Australia as well as Pakistan (Mackenzie et al., 2006; van den Hurk et al., 2009). Geographical
distribution of JE is seen in figure 2.
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Figure 2. Geographical distribution of Japanese encephalitis (CDC, 2019) (accessed 2019-10-
30 via https://www.cdc.gov/japaneseencephalitis/Maps/index.html ) (not adapted).

Two distinct epidemiological patterns of JE are recognized. In temperate areas such as northern
Vietnam, Korea, Japan, China, Nepal and northern India, large epidemics occur during the
summer months; in tropical areas like southern Vietnam, southern Thailand, Indonesia,
Malaysia, the Philippines and Sri Lanka, JE tends to be endemic with peaks during the rainy
season (Solomon et al., 2000).

The epidemiology of vector-borne viruses is complex and strongly influenced by environmental
factors and other aspects of vector and host ecology. Higher temperatures, for example, are
beneficial for the development of mosquito larvae and shorten the time needed for virus
replication within mosquitoes helping the mosquito populations to increase and facilitating the
transmission of JEV. Also humidity and precipitation promote the growth and spreading of JEV
mosquito vectors (Esser et al., 2019). With rapid globalization and climatic changes, JE is
expanding to new areas. Significant densities of JE vectors, such as Cx. tritaeniorhynchus have
been found in more northerly latitudes like Greece (Lytra & Emmanouel, 2014) and in highland
areas of Tibet and Nepal (Li et al., 2011). Strong winds could be a factor facilitating the
dispersion of vectors, and has been suggested as a route for introduction of JEV to Australia
from Papua New Guinea (Ritchie & Rochester, 2001).

JEV has been isolated from mosquitoes and birds in Italy (Platonov et al., 2012) and a JE case
was reported in Angola, Africa in 2016 (Simon-Loriere et al., 2017) making Europe and Africa
potential areas for new epidemics of JE (Gao et al., 2019).


https://www.cdc.gov/japaneseencephalitis/Maps/index.html

The recent population growth, increase in pig rearing for meat consumption and increase in rice
production are all factors affecting the emergence of JE. It is clear that in areas where rice
production and pig rearing overlap a higher infection rate is seen compared to areas where the
activities are kept separate from each other (Erlanger et al., 2009).

Though JEV is generally viewed as a rural disease, competent vectors have been found in urban
homes (Lindahl et al., 2012) and peri-urban circulation of the virus has been seen in Bangkok,
Thailand, Can Tho, Vietnam and Phnom Penh, Cambodia (Olsen et al., 2010; Lindahl et al.,
2013; Capelle et al., 2016).

JEV in Vietham

The first clinical case of JE in Vietnam was reported in the early 1960s (Erlanger et al., 2009)
Five strains of JE virus genotype | are currently circulating in the country according to a
surveillance study carried out between 2006-2008 (Kuwata et al., 2013).

According to the estimates by Campbell et al. (2011) the annual incidence in Vietnam of JE is
1.5 per 100.000 inhabitants with a case frequency of 8072 per year. Of these cases, 7063 occur
in children under the age of 15 (Campbell et al., 2011). The study by Lowry et al. (1998)
concluded that JE was the most common cause of acute encephalitis syndrome in children in
Hanoi, northern Vietnam (Lowry et al., 1998). A national vaccination program was introduced
in 1997 and targeted initially young children in high risk areas, but was expanded in 2007 to
include children in 65% of the district of Vietnam (Yen et al., 2010). In Vietnam, the pattern of
JE is epidemic in the subtropical north with an epidemic season between May and August and
is endemic in the south, with reports of disease all year round. Several thousand cases are
reported annually, mainly from the delta regions of the Red River in the north and the Mekong
River in the south (Solomon et al., 2000).

Factors affecting the incidence of JEV in Vietnam are rice farming and pork production. The
rice-paddy area increased 21% between 1990 and 2005 (Erlanger et al., 2009). Vietnam
produced 44.8 million tonnes of rice in 2017 and is currently the third largest rice exporter
exporting around 7 tonnes of rice per year (FAO, 2018). In recent years the livestock sector in
Vietnam has been dominated by pigs. In Vietnam, pork production doubled between 2001 and
2011 (Dzung, 2019). In 2018, 28.2 million pigs were raised in Vietnam. 70-75% of all pig
production is carried out at small-scale in households (GSO, 2019). The prevalence of JE in
pigs was estimated to be 60.4% in northern Vietnam in a study from 2017 (Ruget et al., 2018)
and 74.5% in another study carried out in 10 provinces in Vietnam (Lee et al., 2019).

In February 2019 an outbreak of African swine fever was confirmed in Vietnam with the first
cases found at a back-yard pig farm in Hung Yen Province approximately 50 km from Hanoi
and 250 km from the China border. The causative strain was 100% identical with viruses
isolated in the outbreaks in China (2018) and Georgia (2007) (Le et al., 2019). Since the
confirmation of the first outbreak in February all 63 provinces/municipalities in Vietnam have
reported outbreaks and more than 5.4 million pigs have been culled (FAO, 2019).



Virus detection

Traditionally, virus isolation has been considered the golden standard for detection of vector-
borne viruses (Hall et al., 2012). Molecular methods are faster and do not always require the
virus to be viable. A molecular method employed to detect the viral RNA of JEV is reverse
transcriptase (RT) polymerase chain reaction (PCR) which in the first step transforms RNA to
DNA. Virus in blood samples from viremic individuals and virus in mosquitoes can be detected
with both of these methods (Williams et al., 2001).

Because detection of virus in living vertebrates only is possible during the short viremia period
other methods for indirect detection also are used. Serological methods to detect 19G and IgM
antibodies used are haemagglutination inhibition test (HI) and the enzyme-linked immune-
sorbent assay (ELISA). Indirect 1IgG ELISAS for JEV in pigs seem to have a good correlation
with HI results (Yang et al., 2006). There is a risk of cross-reactions between different
flaviviruses when using serological analysis nevertheless, ELISA shows a lower risk for cross-
reaction between different flaviviruses than HI (De Madrid & Porterfield, 1974). Also ELISA
may work semi-quantitatively as the optical density (OD) values measured are correlated to the
antibody titres (Robinson et al., 2010).

Monitoring of JEV

Surveillance programs for detection of virus activity can function as an early warning system
of increased risk of transmission and disease outbreak. Monitoring of JEV activity is often
performed using sentinel animals and/or via detection of the virus in mosquito vectors (Hall et
al., 2012). Surveillance of JEV with sentinel pigs can be used to detect JEV emergence in new
areas since confirmation in humans is more challenging. Humans get a transient viremia making
detection of the virus only possible during a short time-span rendering RT-PCR and virus
isolation methods with a low sensitivity. At the same time IgM detection can be misleading by
antigenic cross-reactions and by secretion of antibodies in previously vaccinated patients
(Dubot-Peres et al., 2015). Pig populations are easier to routinely monitor for the virus by for
example collecting blood samples from slaughterhouses in areas with high risk (Capelle et al.,
2016). In some countries, pigs are often raised in open pens near human habitation and thus
can function as an indicator for virus burden. They have been used as sentinel animals for a
long time in many countries like Japan, Taiwan, Thailand and India (Mackenzie et al., 2006).

Today, in countries using large-scale pig rearing systems located far away from urban areas
dogs might function as more sensitive indicators of human risk than pigs. The study by Shimoda
etal. (2011) where dogs experimentally got infected with JEV showed that dogs do not develop
clinical signs after infection but develop high JEV antibody titers (Shimoda et al., 2011). Dogs
are great sentinels for serological surveys since they are susceptible to infection, they develop
antibodies, do not develop high levels of viremia to infect vector mosquitoes, survive the
infection and share living space with humans (CDC, 2003).

Also the detection of virus in mosquito vectors is an important part of vector-borne disease
surveillance. Traditional methods include collection of vectors with traps, identification to



species level and analysis of vector pools for the viruses of interest. Detection of viral RNA is
commonly performed with real-time PCR (Hall et al., 2012).

JE surveillance and immunization programs are today more widespread. The percentage of
countries with JEV transmission risk conducting JE surveillance increased from 75% in 2012
to 92% in 2006 (Heffelfinger et al., 2017).

Control of JEV

Control of JEV is achieved through different strategies like human vaccination, control of the
amplifying hosts by either swine vaccination or changes in animal husbandry and mosquito
control (van den Hurk et al., 2009). The most important control measure to avoid disease in
humans is the use of a live attenuated vaccine. Current vaccines are safe and effective but a
drawback is that multiple doses are needed for the vaccine to be protective (Solomon, 2006).
The use of inactivated and live attenuated vaccines on pigs is protective though not practical in
most settings. The study by Khan et al. (2014) showed that vaccinating half of the susceptible
pigs each year reduces the incidence in pigs by >70% (Khan et al., 2014). Another strategy to
decrease transmission to humans is the relocation of domestic pigs to farms sited away from
human habitations. This has been partially linked to the reduction in the incidence of JE in
Japan, Taiwan and South Korea (van den Hurk et al., 2009).

Control of the vector population can be done by modifying the breeding environment such as
using alternative wetting and drying of rice fields which can reduce vector breeding while
saving water (Keiser et al., 2005). Mosquito control can also be achieved by using insecticides
such as pyrethroids, organophosphates and carbamates, although high level of resistance has
reduced their efficacy (Karunaratne & Hemingway, 2000).

Other control measures that should be taken by residents and travellers to endemic areas are
personal protection to reduce the number of mosquito bites by minimizing outdoor exposure at
dusk and dawn, using insect repellent, wearing covering clothing and sleeping under
permethrin-impregnated mosquito nets or in air-conditioned rooms. Yet, all these measures are
not practical for residents of endemic areas (Solomon et al., 2000; Halstead & Thomas, 2010).

In 2012, immunization programs were used in 50% of the countries with risk of JEV
transmission compared to 46% in 2006 (Heffelfinger et al., 2017). Japan and South Korea have
successful control programs against JE and the low incidence rates have been stable for more
than two decades. Strategies used in these countries that might explain the effective decline of
JE are large-scale vaccination programs for humans, pig vaccination and separation of pig farms
from human habitation, decrease of irrigated land in agricultural practice and improved living
standards (Erlanger et al., 2009).

Japanese encephalitis is not a disease possible to eradicate globally with vaccination programs
like smallpox and polio due to its enzootic nature with different animal species involved, and
will remain an important public health problem in the future (Solomon et al., 2000).
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MATERIAL AND METHODS
Study design

In total, 160 households were chosen in two provinces in northern Vietnam based on the type
of rice production system they used. Half of the households used a water-saving method for
rice production named alternative wetting and drying and the other half used normal flooded
rice production. The reason for this selection was a concurrent project focusing on the influence
of the rice production method on the mosquito presence at the households (Norrman, 2020).
The households were common for both projects. The owners of the selected households were
mainly rice farmers. Blood samples were collected in the ones where dogs and pigs were
present. The two provinces were known to use the water-saving method and were thus chosen
as study sites.

Study area

In 2018, Vietnam had a population of 94.7 million persons. The urban population was 35.7%
and the rural 64.3% (GSO, 2019).

Hai Duong province

Hai Duong province (Thanh phb Hai Duong) is situated in the north-east part of Vietnam in the
Red River Delta as shown in Figure 3. The total population is estimated to 1.8 million people
and the province covers an area of 1668.2 km? resulting in average population density of 1083
persons/kmz? (2018) (GSO, 2019). The village of An Duong in the Nam Sach district was one
of the study sites.

Thai Binh province

Thai Binh province (Thanh phé Thai Binh) is also situated in the north-east part of Vietnam in
the Red River Delta. The total population is estimated to 1.8 million people and the province
covers an area of 1586,4 km? resulting in average population density of 1130 persons/km?
(2018) (GSO, 2019). The village of Le Loi in Dong Hung district was the second study site.
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Figure 3. Map of Vietnam showing the geographic locations of the two provinces of Hai Duong
and Thai Binh, the two study sites. (Map modified from Citypopulation.de).

Collection of pig blood samples

Blood samples from pigs were collected from the two selected villages in Thai Binh and Hai
Duong, as well as from Van Phuc slaughterhouse in Hanoi during the months of September and
October. Due to the African swine fever outbreak in 2019 in Vietnam, 5.4 million pigs had
been culled earlier in the year, largely affecting the pig population in rural areas (FAO, 2019).
For this reason only 10 pigs in the selected areas were possible to sample. Another 250 blood
samples from the slaughterhouse in Hanoi were collected by staff working at the National
Institute of Veterinary Research.

A questionnaire for gathering data about sex, age, symptoms during the last two months,
pregnancy status, number of piglets in the last litter and information about earlier abortions or
birth of stillborn piglets was prepared for the pigs from the two study sites. Information was
collected in connection to the blood sampling by a native Vietnamese using a written question-
naire. Concerning the pigs from the slaughterhouse information about origin was collected.
However, for the majority of pigs, it was not always possible to identify the origin and
sometimes two provinces were stated as possible place of origin.

Jugular blood samples from pigs were drawn aseptically into serum tubes using vacutainer tubes
and needles. Regarding the pigs from the slaughterhouse, blood samples were collected in
connection with de-blooding. Blood samples were transferred on ice to the department of
virology of National Institute of Veterinary Research (NIVR) in Hanoi for serological analysis.
Serum was separated by centrifugation at 5000 rpm for 5 min and kept at -80° C until further
processing
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Collection of dog blood samples

Blood samples from dogs in the provinces of Hai Duong (56 samples) and Thai Binh (58
samples) were collected during the months of September and October after consent from the
owners. Information about the age, sex, breed, symptoms during the last 2 months, indoor or
outdoor keeping and purpose of the dog was collected in connection to the blood sampling by
a native Vietnamese using a written questionnaire.

Blood was collected aseptically from the cephalic vein in the front limb into serum tubes. The
samples were transported on ice to the department of virology of NIVR in Hanoi for serological
analysis. Serum was separated by centrifugation at 5.000 rpm for 5 min and kept at -80 °C until
further processing. Exclusion criteria were if the dog was newly bought or constituted a risk
when handling.

Detection of JEV antibodies using enzyme-linked immunosorbent assay

A commercial enzyme-linked immunosorbent assay (ELISA) kit (ID Screen West Nile
Competition Multi-Species kits from IDVet, Montpellier, France) was used to detect antibodies
against the envelope protein of West Nile virus (WNV) or of related flaviviruses. Since the
WNV envelope shares conserved epitopes with other flaviviruses it can be used for the detection
of those belonging to the Japanese encephalitis serocomplex (Beck et al., 2013). The serum
samples of both dogs and pigs were tested by using the ELISA according to manufacturer’s
protocol. Samples were duplicated and microplates were read at 450 nm after adding the stop
solution. The OD was read using ELx808 absorbance microplate reader (BioTek, USA) with
Gen 5 version 2.09.1 software. The ELISA procedure was carried out with assistance from the
virology department at the National Institute for Veterinary Research.

To avoid differences in incubation times between specimens a 96-well plate was prepared
containing the test and control specimens before transferring into an ELISA microplate using a
multichannel pipette. All reagents were homogenized and at room temperature before use. All
samples and controls were diluted with dilution buffer and then transferred to the ELISA plate.
The plate was incubated for 90 min at 26 °C. Wells were then emptied and washed 3 times with
300 pl of wash solution which was prepared earlier by diluting the wash concentrate (20x) to
1/20 in distilled water. After washing, 100 pl of the conjugate (diluted to 1/10 in dilution buffer)
was added to each well. The plate was incubated for 30 min at 26 °C, the wells emptied and
then washed again 3 more times with 300 pl of wash solution. To each well, 100 pl of substrate
solution was added and left to incubate for 15 min at 26 °C in the dark. 100 ul of the stop
solution was added to each well in order to stop the reaction. The plate was immediately taken
for reading of the OD at 450 nm.

The test was validated following the manufacturer’s instructions. The mean value of the
negative control O.D. (ODnc) had to be greater than 0.700 and the mean value of the positive
control (ODec) less than 30% of the ODnc. For each sample the S/N percentage (S/N%) was
calculated.

S/IN%= ODsamples ODnc X 100
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Samples presenting a S/N% less than or equal to 40% were considered positive. A S/N% less
than or equal to 50% and greater than 40% were considered doubtful. And samples with an
S/N% greater than 50% were considered negative.

Statistics

STATA statistical software 14.2 was used. Descriptive statistics like frequencies, ranges and
means were used to evaluate most of the results. In addition, we performed y2 and students T-
test. Odds ratios were calculated using logistic regression (logit command in STATA).
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RESULTS
ELISA results
Pigs

In total, 260 pig samples were analyzed for JEV antibodies. The results show that 30% (n=78)
of the pigs had antibodies against JEV. Of the tested pigs from the slaughterhouse, 28% (n=70)
were positive while 80% (n=8) of pigs from the study sites were positive.

Regarding the 10 pigs from the study sites, the age varied between 2 and 5 months and 50%
(n=5) were boars and 50% gilts (n=5). No pigs had had disease symptoms during the last two
months. No sows were sampled and the remaining questions prepared about reproductive health
could therefore not be addressed.

The pigs from the slaughterhouse were transported from different parts of Vietnam and had
their origin in one of 8 provinces: Phii Tho, Quang Ngéi, Pong Nai, Binh Duong, Vinh Phuc,
Ha No6i, Khanh Hoa and Ha Tinh. To investigate if there is a difference in seropositivity
depending on the origin pigs were further divided in the categories North, South and South-
central following the given provinces. Pigs that had an unclear origin where, for example one
province stated was from the north and the other one from the south of Vietnam were grouped
in the category Unknown. The 10 pigs from the two study sites were included in the category
North. Results are shown in Table 1 and Figure 4. There was a significantly (p<0.001) higher
percentage of positive pigs with their origin in the north of Vietnam compared to the south and
south-central. Calculation of odds ratio gives a 19.2 higher risk for the pig to be JEV positive
if belonging to the North category. The difference between the south and south central groups
was not found to be statistically significant.

Table 1. Number and percentage of pigs that are positive, negative and doubtful for JEV
antibodies grouped by geographic origin

Positive Negative Doubtful Total n
Geographic location n % n % n %
North 20 87% 2 9% 1 4% 23
South 25 26% 71 73% 1 1% 97
South-central 12 19% 52 81% 0 0% 64
Unknown 21 28% 55 72% 0 0% 76
Total 78 30% 180 69% 2 1% 260
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Figure 4. Percentage of pigs that are positive, negative of doubtful for JEV antibodies divided
in geographic areas of Vietnam.

Dogs

In total, 114 dog samples were analyzed for JEV antibodies. The results show that 72% (n=82)
of the samples were positive. The age of the dogs varied between 1 month and 192 months. The
average age was 40 months and the median age was 24 months. The mean age for females was
46 months compared to 28 months for males. The average age for a positive dog was 48 months
and for a negative dog only 20 months (p=0.01).

According to sex, 65% (n= 74) of the dogs were female and 35% (n=39) were male. The
majority, 78 % (n=58) of female dogs were positive compared to 59% (n=23) of male dogs and
this difference is significant (p<0.05). This gives females a 2.5 higher risk of being JEV positive
than males. Results are shown in Table 2.

Table 2. Number and percentage of dogs that are positive, negative and doubtful for JEV
antibodies grouped by sex

Sex Positive Negative Doubtful Total no of dogs Positive (%)
Male 23 12 4 39 59,0
Female 58 15 1 74 78,4
Total 81 27 5 113 71,7

Regarding breed, 58% (n=64) were listed as Vietnamese crossbreeds, 24% (n=27) were
reported to be German Shepherd crossbreeds and 18% (n=20) were classified as other
crossbreeds. There was a significantly (p<0.05) higher percentage of German Shepherd
crossbreeds that were positive compared to the group other crossbreeds. No statistically
significant difference was found between the German Shepard crossbreeds and Vietnamese
crossbreeds. The results are displayed in Table 3.
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Table 3. Number and percentage of dogs that are positive, negative and doubtful for JEV

antibodies grouped by breed

Breed

Vietnamese cross breed
German Shepherd cross

Other cross breeds

Total

Positive

n
43
23
11
79

Y%
0%
82%
53%
1%

Negative

n %
16 25%
4 15%
T 35%
27 24%

Doubtful  Total

n % n
3 5% 64
0 0% 27
2 10% 20
5 5% 111

Only one dog had had disease symptoms during the last 2 months. Concerning keeping
conditions, 57% (n=65) of the dogs were kept fenced outdoors, 27% (n=31) were tied partly
outdoors and 12% (n=14) were kept indoors. Only three of the dogs were kept free roaming.
The way of keeping, indoors versus outdoors did not affect the seropositivity of the dogs.
When comparing the collection sites, 82% (n=46) of dogs in Hai Duong were positive and 62%
(n=36) of dogs in Thai Binh were positive for JEV antibodies. The results divided in provinces
are presented in Figure 5. Dogs from Hai Duong have a 2.8 higher risk (p<0.05) of being JEV
positive compared to the dogs from Thai Binh.
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Figure 5. Number of dog samples that are positive, negative and doubtful for each of the two
study sites. The total number of samples and the percentage of positive samples for each study
site is also showed.
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DISCUSSION

The purpose of this study was to assess the seroprevalence of JEV in dogs and pigs in some
regions of Vietnam, and to establish risk factors in these animals that affect the seroprevalence
of infection.

Due to the recent outbreak of African swine fever in Vietnam many animals had been culled
and the pig population dropped markedly during 2019. This fact became an obstacle for
performing the original project plan in which pigs from the two study sites were supposed to
be sampled and information collected about age, sex, breed but also their reproductive health.
The lack of pigs in the study sites was replaced with blood samples from the slaughterhouse in
Hanoi. Unluckily, the only information possible to gather about these pigs was their place of
origin.

Thirty percent of the pig samples were positive for JEV antibodies. This prevalence is much
lower than in previous studies performed in Vietnam. In the Mekong delta, the reported
seroprevalence is 60 to 99%, although those pigs were older (Lindahl 2012). Lee et al. (2019)
similarly found a prevalence of 73.45 % among 2000 pigs in 10 provinces and in the study by
Ruget et al. (2018) 60.4% among 641 pigs were positive. In addition, the study by Di Francesco
et al. (2018) where sentinel pigs were monitored for JEV shows that all pigs seroconverted
before the age of 6 months. Regarding the pigs from the slaughterhouse, since no information
is recorded about the age of the pigs, way of keeping, size of the farm they come from, etc. only
speculative reasons can be given to explain the lower prevalence found in this study. Causes
for the lower seropositivity might be a true lower prevalence if these pigs have been kept in
farms with high levels of biosecurity, protected from JEV carrying mosquitoes. Another reason
could be if many older and JEV positive pigs had been culled due to the African swine fever,
which could result in a decline of the total prevalence. A lower prevalence is seen in pigs
between four and five months and born during the months of September and October as
described by Ruget et al. (2018). As the age of the pigs sent to slaughter is unknown it could
be possible that the majority of the samples retrieved belonged to younger pigs that have not
been infected yet with JEV or developed antibodies against the virus. However, as the samples
were collected during the month of September it is more likely that the pigs were born during
spring or early summer and would thus have a predicted seroprevalence of >50% according to
the model made by Ruget et al. (2018). The prevalence might also be false low due to improper
handling of samples or analysis errors.

The results do also show that pigs in the north of Vietnam have a 19.2 higher risk to be JEV
positive compared to pigs in the south or south-central areas (p<0.001). When only taking into
account the pigs from the north, 87% are JEV positive and this prevalence is more consistent
with the ones from earlier studies. Lee et al. (2017) found a prevalence of 75% among the pigs
originating from 5 Northern provinces in Vietnam. An explanation could be a regional variation
of the virus burden or that the pigs from the north were older than the pigs from more southern
areas and thus more likely carriers of antibodies against JEV. Once again, these are mere
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speculations as we do not have information about age. Since only 23 pig samples from the north
were analyzed a larger set of samples would be needed to draw definitive conclusions.

Concerning the 10 pigs from the study villages, data about sex, age, breed and symptoms during
the last two months was collected in connection to the blood sampling but since the sampling
size was too small no conclusions about possible risk factors can be drawn.

As dogs live closer to humans than pigs, they might be a better indicator for the infection risk
in humans. Regarding dogs, 72% of the samples collected in Hai Duong and Thai Binh were
positive for JEV antibodies. A study made in Can Tho, Vietnam found a prevalence of 21%
(Nilsson 2013). In the study by Shimoda et al. (2010) where serological analysis of 652 blood
samples collected from dogs in different regions of Japan was performed, the seroprevalence
of JEV was found to be 25%. Another study carried out in Bangkok, Thailand shows a
prevalence of 51% (Shimoda et al., 2013). The higher prevalence found in our study suggests
a high risk for human infection with JEV in the studied areas.

When comparing the collection sites, 82% (n=46) of dogs in Hai Duong were positive and 62%
(n=36) of dogs in Thai Binh were positive for JEV antibodies (p<0.05). Why the seroprevalence
in Hai Duong is higher than in Thai Binh is an interesting result as the average age of the dogs
in Hai Duong is actually lower than in Thai Binh. Perhaps, Hai Duong had a higher pig density
before the African swine fever outbreak with a higher JEV burden and more infected dogs.
Shimoda et al. (2010) found in their study that in districts in southern Japan the seroprevalence
was 61% and thus much higher than in northern districts with prevalences of 0% and 9%. This
indicates a great regional variation in seroprevalence that is also shown in our study. In addition,
Shimoda et al. (2010) found a significantly higher seroprevalence among dogs living in rural
areas (43%) compared to those living in urban/residential areas (21%) suggesting that pig
farming and rice fields in rural areas are associated with JEV. All dogs included in our study
lived in rural areas and consequently are at higher risk for JEV infection. The pig population
today has decreased markedly leading to a lower circulation of the virus in the environment
since the vial for replication is not present. However, the majority of the infected dogs might
have become infected years ago thus being indicators for the JEV exposure some time ago. One
can hypothesize that if this study would be repeated in 5 years, a lower seroprevalence would
be found as long as pig farming is not resumed in rural areas.

In this study, 78% of female dogs were seropositive compared to 59% of males and this
difference was found to be significant (p<0.05). Furthermore, female dogs were also found to
be older with a mean age of 46 months and males were just 28 months old. The mean age of
the seropositive dogs was 48 months. It can be hypothesized that the higher seropositivity
among females is more likely due to their older age rather than sex. Indeed, in the study by
Shimoda et al. (2010) no significant difference was found between male and female dogs. In
addition, no significant correlation was found between ages of dogs and seropositivity for JEV
(Shimoda et al., 2010). There is not much research done in dogs about JEV and it is not possible
to completely rule out a correlation between age and seropositivity as an older age means a
longer time of exposure and the longer an animal lives the higher the probability to become
infected.
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The current results do also suggest that German shepherd cross-breeds have a higher
seropositivity than “other” cross-breeds. A genetic predisposition might be the cause.
Moreover, German shepherd crosses tend to have a shorter hair coat compared to some other
breeds, which might be preferred by mosquitoes. Whether this was the case for the dogs
sampled in this study is not possible to guarantee since we did not record the physical
appearance of the dogs. The keeping conditions outdoors vs indoors have been shown to affect
the seroprevalence in earlier studies (Shimoda et al., 2010). However, no significant difference
was found in our study. How well the seropositivity of the dogs in this study correlate to the
risk for humans to become infected is a complicated question. It is important to consider the
measures taken by humans to avoid mosquito bites which may cause dogs to be more exposed.
An important factor affecting the seropositivity in humans is the general awareness about
mosquito-borne diseases. As reported by Norrman (2020), a questionnaire was used to
determine the awareness regarding JEV and other mosquito-borne diseases among rice farmers.
These households interviewed were the same where the dog blood samples were collected in
this study. 86% of the households interviewed knew what JEV was or had heard of it, showing
a considerable general awareness regarding JEV. The percentage of the population having heard
or knowing about JE is higher than in the study by Dhakal et al. (2014) made in Nepal where
pig farmers were asked the same question. In that study only 30% of farmers had heard about
JE and 17% knew it is transmitted by mosquitoes (Dhakal et al., 2014). Further, Norrman
(2020) presents that 99% of farmers knew at least one adequate method of preventing mosquito
bites in their family. Even though people knew about prevention measures the use of them could
be improved. Also, as stated by Norrman (2020) the general knowledge about these diseases
needs to be increased, for example only 31% knew that rice fields are a breeding site of
mosquitoes. This in turn, would lead to a better practice of preventive measures. Mosquito-
avoiding practices can be low-cost preventive measures for vector-borne diseases as JE. For
example, a case—control study in China found that use of insecticide-treated mosquito nets was
associated with significant decline in JE cases (Luo et al., 1994).

The ELISA-kit used is produced to detect antibodies against the envelope protein of WNV or
of related flaviviruses. Since the WNV envelope shares conserved epitopes with other
flaviviruses it can be used for the detection of those belonging to the Japanese encephalitis sero-
group (Beck et al., 2013). However, it has been shown that dengue virus, despite belonging to
another sero-group, has a tendency to cross-react with JEV (Madrid & Porterfield, 1974). WNV
Is present in west Asia but not in Vietnam and thus is not a likely cause of cross-reactions (Lan
et al., 2011). However, dengue is endemic in Vietnam and dogs have recently been shown to
be able to become infected with dengue virus as demonstrated by Thongyuan & Kittayapong
(2017). Also antibodies against dengue have presumably been found in a dog in Thailand by
Shimoda et al. (2013). Due to this, especially the dog samples should be interpreted with some
caution as some could be positive for dengue instead for JEV. To reduce this risk, a virus
neutralization test could additionally have been performed which is a highly specific serological
assay to distinguish antibodies against related flaviviruses. However, some cross-neutralization
among viruses in the same serocomplex can still be observed (Beck et al., 2013). No research
confirming that pigs can be infected with dengue was found.
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CONCLUSION

In conclusion, this study found a raised level of antibodies towards JEV in dogs than in earlier
studies suggesting a high risk for human infection with JEV in the present areas. Possible risk
factors found were female sex and older age but further studies are needed to confirm this. Also,
German shepherd cross-breeds seem to have a higher risk. In young pigs sent for slaughter,
seroprevalence was much lower than expected, which may be indicative of a reduced infection
pressure due to the ongoing depopulation of pigs. Also a regional variation was found.

An interesting deepening of this study would have been to assess the seroprevalence among the
farmers and to try to make a correlation with the dogs’ seroprevalence. Also a follow-up study
regarding the seroprevalence in dogs in the same villages if pigs are not reintroduced would be
interesting.
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POPULAR SCIENCE SUMMARY

Japanese encephalitis is the major cause of infectious inflammation of the brain in humans with
approximately 68,000 cases annually in Asia and the Western Pacific. Only 1% of infected
people develop the disease but it can lead to death in one third of cases. The disease is caused
by a virus called Japanese encephalitis virus (JEV) that is spread by mosquitoes. Birds and pigs
are involved in the maintenance and the amplification of the virus in the environment. Pigs that
get infected may also acquire reproductive disorders. Vaccination against the disease is possible
and is used in many countries, however the disease is expected to increase in frequency in some
countries with a large population growth, increased pork production and intensified rice
production as the mosquitoes breed in flooded rice fields. Monitoring and control of the disease
are important. Pigs and dogs can work as sentinels as they can get infected and develop
antibodies against the disease that later can be analyzed with a blood sample. A large population
of infected animals means a large burden of the virus in the environment and thus a high risk
for humans to become infected.

The purpose of this study was to evaluate the quantity of infected pigs and dogs in Vietnam by
taking blood samples and analyzing them for antibodies against JEV and to study the factors
affecting why some animals get infected and others do not.

Blood samples from 250 pigs from a slaughterhouse in Hanoi were retrieved. The only
information collected regarding these pigs was the province of origin. In addition, 10 more
blood samples from pigs were collected in two rural provinces in northern Vietnam and 114
blood samples from dogs were collected in the same provinces. Information like age, sex, breed
and keeping conditions was collected for these animals.

Results show that 30% of pigs had antibodies against JEV and thus had been infected by the
virus. Other studies have shown higher percentages of infected pigs so the low prevalence here
may potentially be explained by the reduction in pig population due to the ongoing outbreak of
African swine fever. Other interesting result was that the pigs coming from the north of Vietnam
had a 19.2 higher risk to be JEV positive. Concerning the dogs, 72% were positive for JEV
which is higher than the percentage found in earlier similar studies. It was also found that
females were positive in a higher extent than males but they were also older. It can be
hypothesized that the higher seropositivity among females is more likely due to their older age
rather than sex. Also, in this study German shepherd cross-breeds were positive in higher
percentage than other cross-breeds. However, more studies are needed to confirm this.
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