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Abstract. We conducted a serologic survey of four high-priority pig-associated viral zoonoses, Japanese encephalitis
virus (JEV), hepatitis E virus (HEV), Nipah virus (NiV), and swine influenza virus (SIV), in Laos. We collected blood
from pigs at slaughter during May 2008–January 2009 in four northern provinces. Japanese encephalitis virus hemag-
glutination inhibition seroprevalence was 74.7% (95% confidence interval [CI] = 71.5–77.9%), JEV IgM seroprevalence
was 2.3% (95% CI = 1.2–3.2%), and HEV seroprevalence was 21.1% (95% CI = 18.1–24.0%). Antibodies to SIV were
detected in 1.8% (95% CI = 0.8–2.8%) of pigs by screening enzyme-linked immunosorbent assay, and only subtype
H3N2 was detected by hemagglutination inhibition in two animals with an inconclusive enzyme-linked immunosorbent
assay result. No NiV antibody–positive pigs were detected. Our evidence indicates that peak JEV and HEV transmission
coincides with the start of the monsoonal wet season and poses the greatest risk for human infection.

INTRODUCTION

Pig associated viral zoonoses pose a significant threat to
human populations in Southeast Asia. Of particular impor-
tance are the encephalitic Japanese encephalitis virus (JEV)
and Nipah virus (NiV), the pathogenic strains of swine influ-
enza virus (SIV), and zoonotic genotypes of hepatitis E virus
(HEV). All have been reported in Southeast Asia and pigs
have been directly linked to human disease.1–4

Japanese encephalitis virus is a major cause of death and
disability in Asia and is transmitted by paddy-breeding Culex
mosquitoes, primarily Culex tritaeniorhynchus, in a zoonotic
cycle involving ardeid wading birds (herons and egrets), pigs,
and humans.5 During times of peak transmission, amplifica-
tion of JEV in immunologically naive pigs within the vicinity
of human habitation precedes epidemic transmission to
humans.5 Pig production industries are also affected by JEV
infection and economic losses occur through decreased pro-
ductivity associated with reproductive failure.6 In Laos, a
significant proportion of the human population live within
the vicinity of rice paddies,7 and pig production is practiced
in rural, peri-urban, and urban environs8,9 ensuring suitable
conditions for JEV transmission from pigs to humans.
Hepatitis E virus is primarily a water-borne virus generally

causing a self-limiting acute hepatitis in humans, but is noted
for causing fulminant hepatitis and a high case-fatality rate
during pregnancy in certain environments.10,11 Consumption
of contaminated meat and occupational exposure are also
recognized as important modes of zoonotic transmission.10,11

Four distinct genotypes of HEV have been characterized, but
only genotypes 3 and 4 are considered zoonotic and pigs are
recognized as an especially important source of human infec-
tion.12 Previous studies in Laos indicate that 16–18% of the
human population13,14 and up to 50% of the pig population15

have serologic evidence of exposure to HEV. Zoonotic HEV

is emerging as the dominant form of human HEV disease in
eastern and southern China16,17 and clearly demonstrates the
risks posed to the human population of Laos.
Nipah virus is an emerging encephalitic virus that has been

associated with significant outbreaks of human disease in
Malaysia, Singapore, India, and Bangladesh.18–21 The natural
reservoir hosts of NiV are Pteropid fruit bats (flying foxes),
which can serve as the source of infection for a range of
susceptible mammals, including humans and pigs.22 The
known geographic range of the virus has extended over
recent years with serologic and molecular evidence demon-
strating NiV to be present in fruit bat species in Cambodia,
Indonesia, and Thailand.23–26 Pigs can be a critical interme-
diary host, acting as a bridge in transmission between
infected wild fruit bats and humans. This finding was demon-
strated in outbreaks in Malaysia and Singapore in which
human NiV disease was associated with exposure to infected
pigs or pig carcasses.2 However, food-borne and human-to-
human transmission has also been demonstrated in South
Asia.27,28 Pteropid bats are prevalent in Laos, but are cur-
rently threatened by habitat loss and hunting.29 This incur-
sion into the natural fruit bat habitat possibly exposes human
and pig populations to NiV infection and an investigation of
infection in pigs is required.
The prevalence of SIV in pig populations worldwide can

vary greatly, and a number of HN subtypes may circulate in
any particular country. Five subtypes (H1, H3, H5, H7, and
H9) in China30 and three subtypes (H1N1, H1N2, and H3N2)
in Thailand31 have been reported in their respective pig
populations. Pigs have a role in the emergence of novel path-
ogenic strains through the mixing and re-assortment of
human-, avian-, and swine-adapted influenza viruses.32 In
light of the highly pathogenic avian influenza virus epidemic
in Laos33 and the emergence of the pandemic H1N1 influ-
enza virus in 2009, SIV warrants investigation in Laos.
There remains a scarcity of good-quality data related to the

role of pigs as a reservoir of pathogens causing human disease
in Laos. The present study was conducted within the scope of
a broader pig zoonoses project and aimed to determine the
serologic prevalence of these four important viral zoonoses
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and to assess if age, breed, temporal, and spatial factors were
associated with serologic evidence of infection.

MATERIALS AND METHODS

Ethics statement. The research protocols were reviewed
and approved by the Murdoch University Animal Ethics
Committee (project no. R2108/07), which adheres to the Aus-
tralian Code of Practice for the Care and Use of Animals for
Scientific Purposes. The Lao Department of Livestock and
Fisheries does not, at this time, have a committee to review
and approve scientific research protocols involving animals.
Study sites and survey design. The surveys were conducted

at three slaughter points each in Xiengkhuang and
Oudomxay Provinces during May–September 2008 and at
two collection points each in Huaphan and Luangprabang
Provinces during October 2008–January 2009 (Figure 1).
The survey team consisted of trained district and provincial
agricultural and forestry government staff who visited the
slaughter points approximately every two weeks. A blood
sample was obtained from all pigs brought for slaughter on
the nights the survey team visited slaughter sites. Blood
samples were centrifuged, and the serum fraction was
removed and stored at –20°C before testing. An aliquot of
each serum sample was sent to the Armed Forces Research
Institute for Medical Sciences (AFRIMS) (Bangkok, Thailand)
for JEV and HEV testing and to the Commonwealth
Scientific and Industrial Research Organisation (CSIRO)
Australian Animal Health Laboratory (Geelong, Victoria,
Australia) for SIV and NiV testing.
Laboratory techniques. Japanese encephalitis virus hemag-

glutination inhibition assay. Serum samples were pre-treated
with acetone, and the ability of test serum antibodies to
inhibit JEV sucrose-acetone–extracted mouse brain antigens
agglutinating goose erythrocytes was assayed by using a
microtiter adaptation of the method of Clarke and Casals34

with an initial dilution of 1:10. Serum samples were serially
diluted to 1:80 and hemagglutination inhibition (HI) titers > 10
were considered positive for JEV-specific antibody.35

Japanese encephalitis virus IgM enzyme-linked immuno-
sorbent assay. The AFRIMS in-house JEV IgM enzyme-
linked immunosorbent assay (ELISA) for pig serum,35 adapted
from human JEV IgM immunoassays,36–38 was used to test pigs

for evidence of an active or recent infection at the time the
survey was conducted. In brief, IgM in the test sample was
captured out of solution onto the solid phase of polystyrene
plate wells previously coated with goat anti-swine IgM. A
1:100 dilution of test serum was added to the wells. Sucrose-
and acetone-extracted suckling mouse brain JEV antigen was
added to each well, and peroxidase-conjugated human anti-
flavivirus-hyperimmune IgG was added to label the bound anti-
gen. Color developed by the addition of o-phenylenediamine
substrate, and color development was stopped by the addition
of 4 M H2SO4. Absorbance at 492 nm (A492) was read spectro-
photometrically on a microplate reader (Spectra Max 340 PC;
Molecular Devices, Inc., Sunnyvale, CA). Negative (NS, A492

< 0.1) and positive standards (WPC, A492 0.4 + 0.15) were
added to each test plate. Assay results were expressed as
units, which were calculated by using the formula units =
100 + (A492 test sample – A492 NS)/(A492 WPC – A492

NS), and 40 units of antibody defines the lower limit
of positivity.35

Hepatitis E virus serologic analysis. Detection of HEV
IgG was modified from an ELISA reported by Innis and
others39 and Wang and others.40 In brief, 96-well plates were
coated with 100 mL of recombinant capsid protein antigen of
HEV open reading frame 2/3 (GenWay Biotech, Inc., San
Diego, CA) diluted 1:5,000 in 0.05 M carbonate-bicarbonate
buffer, pH 9.6 (Sigma-Aldrich, St. Louis, MO). The plate was
incubated at 37°C for 4 hours and then overnight at 4°C. The
coating buffer was discarded and the plate was machine
washed (SkanWasher; Skatron, Sterling, VA) with wash buffer
(0.5% Tween 20 in phosphate-buffered saline) (Sigma-
Aldrich). Three hundred microliters of blocking buffer (0.5%
casein, 0.5% bovine serum albumin in phosphate-buffered
saline, pH 7.4) was added to each well and incubated for
1 hour at 37°C. Plates were then machine-washed. One hundred
microliters of two negative control, three positive control,
and each pig serum diluted 1:500 in blocking buffer was
added in duplicate wells and incubated at 37°C for 1 hour.
Horseradish peroxidase–conjugated goat anti-swine IgG
(Kirkegaard and Perry Laboratories, Gaithersburg, MD)
diluted 1:4,000 in blocking buffer containing 0.2% Tween 20
was added to each well. The plate was incubated at 37°C for
30 minutes and then machine-washed. Samples were visualized
with the addition of SureBlue (3,3¢,5,5¢-tetramethylbenzidine)

Figure 1. Study sites in northern Laos. 1 = Xay District, Oudomxay Province; 2 = Luangprabang District, Luangprabang Province; 3 =
Xiengngeun District, Luangprabang Province; 4 = Pek District, Xiengkhuang Province; 5 = Xamneua District, Huaphan Province; 6 = Viengxay
District, Huaphan Province. Black dots indicate abattoirs or slaughterhouses (> 20 pigs per night) and black circles indicate slaughter points (< 5 pigs
per night). The black dot in Luangprabang District (2) represents an amalgamation of home slaughter points caused by reconstruction of abattoir at
the time of survey.
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substrate (Kirkegaard and Perry Laboratories) and after
incubation at room temperature for 10 minutes, the reaction
was stopped by the addition of 100 mL of 0.18 N H2SO4.
Within 10 minutes, the absorbance at 450/650 nm was read on
a microplate reader (Spectra Max 340, Molecular Devices,
Inc.). The positivity cut-off was determined by calculating the
mean optical density (OD) ± 3 SD of 30 HEV-negative pig
serum from Thailand.

Nipah virus serologic analysis. Serum samples were ini-
tially screened for antibodies to NiV by using an indirect
ELISA with irradiation-inactivated virus extracted as a solu-
ble lysate from infected cells by treatment with a non-ionic
detergent.41,42 Serum samples that showed positive or incon-
clusive test results were tested by using a microtiter virus
neutralization test42,43 with a Malaysian isolate of NiV. Any
neutralization at or beyond the initial one in two serum dilu-
tion was regarded as positive.

Swine influenza virus serologic analysis. Serum samples
were tested by using a competition ELISA44 previously used
to detect antibody to influenza nucleoprotein (NP) in avian
and equine serum samples. In brief, plates were coated with
influenza NP derived from yeast cells transfected to express a
recombinant long form of influenza A virus NP. Coated plates
were first exposed to test serum diluted 1:10 and then to
monoclonal antibody against NP (H16-l10-4R5). Washed
plates were exposed to anti-mouse horseradish peroxidase
conjugate, and binding of conjugate was assessed by 3,3¢,5,5¢-
tetramethylbenzidine substrate conversion. Serum causing
³ 40% inhibition of the monoclonal antibody were then tested
for HI antibody to swine influenza subtypes A/California/
07/2009 (pandemic H1N1), A/swine/Ratchaburi/2000 H1N1
(H1N1), and A/swine/Nakhon Pathom/2002 (H3N2). Serum
samples were tested in accordance with World Organisation
for Animal Health protocols.45 In brief, serum samples were
treated with receptor-destroying enzyme and heated for 30 min-

utes at 56°C to remove non-specific inhibitors, adsorbed with
packed chicken erythrocytes to remove non-specific agglutinins,
and assessed in the HI by using 4 HA units. Positive serum
samples were recognized as those with an HI titer ³ 40.
Data analysis. Seroprevalence was calculated as the pro-

portion of serum samples with a positive test result in the
sampled population. Pearson’s chi-square test and Fisher’s
exact test were used to explore associations between infec-
tion status, as measured by JEV HI and HEV ELISA, and
location of the slaughterhouse, age and breed of pigs, pro-
duction system at last point of sale, and month of slaughter.
Fisher’s exact test was used to explore associations for JEV
IgM positivity because of small numbers in the respective
contingency tables.

RESULTS

Characteristics of survey pig population. Seven hundred
twenty-nine and 724 serum samples were tested at AFRIMS
for antibodies to JEV and HEV, respectively; two samples
were mislabeled and excluded from the analysis. Seven hun-
dred twenty-six serum samples were tested at the CSIRO
Australian Animal Health Laboratory for SIV and NiV; seven
samples were mislabeled and excluded from the analysis.
Complete data were collected for location of slaughterhouse
and the collection date, but only partial data were available
for pig age, breed, and production system at last point of
sale (Table 1 and Table 2). The median age was 12 months
(25–75 percentile range = 8–16 months) for 656 pigs for
which age data were available. Most (83.9%) slaughtered
animals were indigenous breed swayback black pigs, and
most (72.4%) were purchased by slaughter traders from a
penned production system. The last point of sale provides no
indication of the production systems encountered during the
life of the animals.

Table 1

Seroprevalence of antibodies against Japanese encephalitis virus (JEV) and hepatitis E virus (HEV) during May–September 2008 (wet season
months) in Oudomxay and Xiengkhuang Provinces, Laos

Population characteristic

JEV serology HEV serology

No. tested

JEV HI assay JEV IgM ELISA

No. tested

HEV IgG ELISA

% Positive 95% CI P % Positive 95% CI P % Positive 95% CI P

Province
Oudomxay 143 90.2 85.3–95.1 < 0.001 7.7 3.3–12.1 0.082* 141 29.8 22.1–37.4 0.958
Xiengkhuang 186 70.4 63.8–77.0 3.2 0.7–5.8 183 30.1 23.3–36.8

Collection date, 2008
May 40 77.5 64.0–91.0 0.148 2.5 0.0–7.6 0.694* 39 35.9 20.1–51.7 0.008
June 144 76.4 69.4–83.4 6.3 2.2–10.3 141 39.0 30.9–47.2
July 84 78.6 69.6–87.5 7.1 1.5–12.8 83 18.1 9.6–26.5
August 38 78.9 65.4–92.5 2.6 0.0, 8.0 38 21.1 7.5–34.6
September 23 100 – 0.0 – 23 21.7 3.5–40.0

Breed
Indigenous 191 80.6 0.75–0.86 0.898 6.3 2.8–9.8 0.499* 190 35.8 28.9–42.7 0.003
Exotic 68 82.4 73.1–91.6 2.9 0.0–7.1 66 13.6 5.1–22.1
Cross-breed 18 77.8 56.5–99.1 0.0 – 16 31.3 5.7–56.8

Age (months)
4–6 69 69.6 58.4–80.7 0.017 11.6 3.8–19.3 0.022* 68 41.2 29.2–53.2 0.099
7–12 173 85.0 79.6–90.3 2.9 0.4–5.4 170 27.1 20.3–33.8
> 12 23 87.0 72.1–100.0 4.3 0.0–13.4 23 34.8 13.7, 55.8

Production type
Penned 257 81.7 77.0–86.5 0.161* 5.4 2.7–8.2 1.000* 253 30.0 24.4–35.7 0.32*
Free range 4 50.0 0.0–100.0 0.0 – 4 0.0 –

Mixed 0 – – – – – –

*By Fisher’s exact test (all other P values were calculated by using the chi-square test).
HI = hemagglutination inhibition; ELISA = enzyme-linked immunosorbent assay; CI = confidence interval.

PIG-ASSOCIATED VIRAL ZOONOSES IN LAOS 1079



Japanese encephalitis virus serologic analysis. Antibodies
to JEV were detected by HI in 543 (74.7%) of 727 (95%
confidence interval [CI] = 71.5–77.9%), of which inhibition
titers of 20, 40, and ³ 80 were observed in 26 (3.6%), 55
(7.6%) and 462 (63.6%) pigs, respectively. In Oudomxay and
Xiengkhuang Provinces, where samples were collected in the
wet season months, there was a significantly lower seropreva-
lence of antibodies against JEV detected by HI in pigs in
Xiengkhuang Province and in pigs 4–6 months of age. In
contrast, pigs 4–6 months of age had the highest prevalence
of IgM against JEV (Table 1). In Luangprabang and
Huaphan Provinces, where samples were collected in the dry
season months, there was a significantly lower seropreva-
lence of antibodies against JEV detected by HI in pigs in
Luangprabang Province and in pigs raised in a free range
production system (Table 2). IgM against JEV was not
detected in samples collected from Luangprabang and
Huaphan Provinces.
IgM was detected in 17 (5.2%) of 329 pigs (95% CI = 2.7–

7.6%) in Oudomxay and Xiengkhuang Provinces, and com-
prised 11 pigs sampled from Oudomxay Province and 6 pigs
sampled from Xiengkhouang Province. Fifteen of the 17
IgM-positive serum samples had HI titers ³ 80, and the
remaining two samples had HI titers of 40. Age data were
available for 265 of 329 pigs, and peak seroprevalence
(11.6%) was observed in the youngest age class of animals
(Table 1) and was 20.7% (6 of 29) and 5.0% (2 of 40)
of 4–6 month-old pigs in Oudomxay and Xiengkhuang
Provinces, respectively.
Hepatitis E virus serologic analysis. Seven hundred twenty-

two serum samples were analyzed for antibodies against
HEV by ELISA, and 152 (21.1%) had an OD ³ 0.500 and
were considered positive. One hundred sixty-three (22.6%)
samples had an inconclusive borderline test result (OD > 0.260
and < 0.500); the remaining 407 (56.4%) samples were nega-

tive for antibodies to HEV (OD < 0.260). In Oudomxay and
Xiengkhuang Provinces, where samples were collected in the
wet season months, there was no observed spatial difference
in seroprevalence. Seroprevalence was significantly higher in
the early stages of the wet season (May and June) and sig-
nificantly higher in indigenous and cross-breeds than in exotic
breed pigs (Table 1). In Luangprabang and Huaphan Prov-
inces, where samples were collected in the dry season, there
was no observed spatial difference in seroprevalence and
no observed difference for pig breeds. However, there was
a significant decrease in seroprevalence for December 2008
(Table 2). In the wet season collection sites, seroprevalence
peaked in 4–6-month-old pigs (41.2%) (Table 1). However,
the reverse was observed for the dry season collection sites
where 4–6-month-old pigs had the lowest seroprevalence
(3.6%) (Table 2).
Nipah virus serologic analysis. Seven hundred nineteen

serum samples were tested by using the NiV comparative
ELISA, of which 716 (99.6%) were negative and three
(0.4%) had an inconclusive test result. The three ELISA
inconclusive serum samples were tested by using the NiV
neutralization assay, of which two samples were negative and
one sample was toxic to the cell line.
Swine influenza virus serologic analysis. Twenty-three

(3.2%) of 719 pig serum samples were reactive in the ELISA,
of which 13 (1.8%) had a percent inhibition > 60 and were
considered samples with positive results. The remaining
10 samples had a PI of 40–60 and were considered samples
with inconclusive results. Twenty ELISA-reactive serum
samples were tested by HI for H3N2 (Nakorn Pathom);
two samples were HI positive with titers 160 and 640 and
the remaining 18 samples were negative by HI for H3N2.
Twenty-one and 23 serum samples were tested by HI for H1N1
(Ratchaburi) and H1N1 (pandemic 2009 virus), respectively,
and all were negative. Furthermore, 14 ELISA-negative serum

TABLE 2

Seroprevalence of antibodies against Japanese encephalitis virus (JEV) and hepatitis E virus (HEV) in Luangprabang and Huaphan Provinces
during October 2008–January 2009 (dry season months), Laos

Population characteristic

JEV serology* HEV serology

No. tested

JEV HI assay

No. tested

HEV IgG ELISA

% Positive 95% CI P % Positive 95% CI P

Province
Luangprabang 209 59.8 53.1–66.5 < 0.001 209 12.4 7.9–17.0 0.402
Huaphan 189 83.6 78.3–88.9 189 15.3 10.2–20.5

Collection date
October 2008 14 78.6 54.0–100.0 0.275 14 14.3 0.0–35.3 0.001
November 2008 113 70.8 62.3–79.3 113 21.2 13.6–28.9
December 2008 107 64.5 55.3–73.7 107 2.8 0.0–6.0
January 2009 164 75.0 68.3–81.7 164 15.9 10.2–21.5

Breed
Indigenous 367 70.6 65.9–75.2 0.987 367 14.4 10.8–18.1 0.370
Exotic 10 70.0 35.4–100.0 10 10.0 0.0–32.6
Cross-breed 11 72.7 41.3–100.0 11 0.0 –

Age (months)
4–6 28 78.6 62.4–94.8 0.637 28 3.6 0.0–10.9 0.161
7–12 169 71.6 64.7–78.5 169 16.6 10.9–22.2
> 12 193 69.9 63.4–76.5 193 13.0 8.2–17.7

Production type
Penned 206 77.2 71.4–83.0 0.001 206 13.1 8.5–17.8 0.919
Free range 167 60.5 53.0–68.0 167 14.4 9.0–19.7
Mixed 6 100.0 – 6 16.7 0.0–59.9

*All serum samples collected in Luangprabang and Huaphan Provinces were not reactive in the JEV IgM ELISA.
HI = hemagglutination inhibition; ELISA = enzyme-linked immunosorbent assay; CI = confidence interval.
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samples were tested by HI for H3N2 (Nakorn Pathom) and
two samples were HI positive. No ELISA-negative samples
were tested by HI for H1N1 because of an insufficient volume
of serum.

DISCUSSION

This is the first study to report the seroprevalence of four
viral zoonoses in the pig population of Laos. Previous
published studies on JEV in Laos have focused on human
populations,46,47 and our study represents the first assessment
of the role pigs might play in transmission to humans in Laos.
Previous swine HEV studies have been reported from
Laos,15,48 and our survey supports and adds weight to the
argument that pigs have a potential role in the natural history
of human HEV disease. No published studies have reported
seroprevalence of NiV and SIV in the pig population in Laos,
and we provide strong evidence that pigs pose little risk for
human NiV and SIV disease, at least at the time the survey
was conducted. Antibodies against NiV were not detected,
and only a limited number of animals had serologic evidence
of a previous SIV infection with a non-pathogenic subtype.
This study demonstrates unequivocally that JEV was wide-

spread in the pig population of northern Laos, and a sero-
prevalence of 74.7% was indicative of a hyper-epizootic
state. Pigs are not vaccinated against JEV in northern Laos,
and these results represent natural transmission. Further-
more, maternal antibodies wane after two months,49 and the
youngest pigs in our survey population were four months of
age, indicating that detected antibodies were raised against
active JEV infections rather than via passive immunity.
Antibodies to JEV were detected in all provinces, and sig-

nificant differences in prevalence were observed between
provinces for both temporal sampling frames. Because HI can
detect antibodies against JEV in pigs up to three years post-
infection50 and the median age at slaughter was 12 months,
it was unlikely that the observed seroprevalence in the two
temporal sampling frames was influenced by the timing of
sample collection. The differences we encountered might have
been caused by factors such as pig density, rice paddy produc-
tion, and Culex mosquito abundance. This hypothesis was fur-
ther supported by the finding that pigs purchased for slaughter
from free-range production systems had lower seropreva-
lences than penned pigs, and free-range production systems
were encountered predominantly in upland rice-growing areas
with limited paddies. However, the observed prevalence in all
four provinces was high.
Prevalence of IgM against JEV peaked in June and July,

corresponding to the start of the wet season, and water filling
of rice paddies providing suitable breeding conditions for
Culex mosquitoes. In pigs, IgM is detected within 2–3 days
post-infection and can be detected in serum for up to 3 weeks,35

which indicated that IgM-positive pigs we detected were
recently infected and that peak transmission and greatest risk
for human infection corresponds with the first half of the wet
season. This peak in pigs in Laos was consistent with peak
transmission to humans in Thailand in June and July 1983.51

Because we did not present a single sampling frame over a
complete year, caution should be exercised in interpreting
seasonal transmission patterns. However, although we would
not expect highly active transmission in the dry season months
because of a lack of mosquito breeding sites, the impact of

irrigated rice production on Culex mosquito abundance in the
dry season of northern Laos remains to be determined.
The IgM ELISA results for pigs provide limited evidence

that JEV is not maintained in the pig population throughout
the year, which is consistent with an epizootic pattern of trans-
mission. This finding could be caused by a combination of
relatively low animal densities,52 a short duration of viremia,
ranging from 1 to 3 days,53 and a decrease in mosquito vector
abundance in the dry season winter months. The migration
patterns of ardeid birds could therefore have a strong influ-
ence on JEV transmission patterns, and several ardeid bird
species breed in Laos during the wet season months and other
species overwinter during the dry season months.29,54 The role
of these migratory birds in maintaining JEV in an epizootic
state in Laos warrants further investigation.
In pigs, the most clinically significant manifestation of

JEV infection is reproductive failure in sows because of
abortion and abnormal farrowing.6 The high seroprevalence
of JEV in young pigs £ 6 months of age indicates that JEV
would have little or no impact on the reproductive potential
of local indigenous breed sows. Indigenous breed sows in
Southeast Asia sexually mature at 6–8 months of age,55 and
most sows in Laos would have protective immunity by the
age of first estrus. However, the impact on the reproductive
potential of indigenous breed boars may be more signifi-
cant. Indigenous breed boars in Southeast Asia can reach
sexual maturity at 2–3 months of age,55 and infection of
sexually mature boars can cause infertility.6 Because the
smallholder pig sector in Laos has low productivity,56,57

we believe that the effect of JEV on this pig producing
sector warrants greater scrutiny, with particular reference
to boar infertility.
Two recent swine HEV studies in Laos15,48 and the present

study demonstrate the relative importance of pigs as a reser-
voir of human HEV disease. Blacksell and others15 observed
a high seroprevalence of HEV in pigs sampled at provincial
slaughterhouses in northern Laos; 85.7%, 47.1%, 60.0%,
and 72.1% for Huaphan, Luangprabang, Oudomxay, and
Xiengkhuang Provinces, respectively. These data are substan-
tially higher than those observed during this current study;
29–30% was observed in Xiengkhuang and Oudomxay Prov-
inces in the wet season and 12–15% in Huaphan and
Luangprabang in the dry season. The difference may have
been caused by seasonal variation because Blacksell and
others15 observed high seroprevalence in Huaphan and
Luangprabang Provinces when sampling was conducted in
the wet season months. Further work will be required to con-
firm seasonal peaks of transmission. However, data for
Oudomxay and Xiengkhuang Provinces provides evidence that
the peak seroprevalence was at the start of the wet season.
Age-related seroprevalence in the current study peaked

in 4–6-month-old pigs sampled in the wet season and in
7–12-month-old pigs sampled in the dry season. The combined
temporal and age prevalence data indicates that young ani-
mals are an important reservoir of HEV at the beginning of
the wet season. We can speculate that management of young
animals differs from that of older animals and predisposes
them to infection during the wet season. However, further
research will be required to understand the specific production
practices associated with increased risk of HEV transmission.
The importance of young animals in the epidemiology of
HEV in Laos was further demonstrated by Conlan and
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others,48 who observed that 11.6% of pigs £ 6 months of age
were shedding virus during the dry season months (January–
March). Only genotype 4 HEV has been recognized in north-
ern Laos,48 and this same genotype has been identified as the
most common cause of human HEV disease in southern and
eastern China.16,17 The seroprevalence of human HEV in Laos
has been estimated to be 16–18%, and 2–4% of acute hepa-
titis hospital admissions were caused by HEV.13,14 To date,
no data exist that describe the genotypes causing human HEV
disease in Laos, and work should now be undertaken to estab-
lish the source of human infections.
Nipah virus has been detected in Pteropid fruit bats in

Malaysia, Cambodia, and Thailand by serologic analysis, virus
isolation, or RNA amplification,24,26,58 and NiV antibodies
have also been detected in fruit bats in Indonesia,25 providing
evidence that NiV is endemic to Southeast Asia. The most
human cases and deaths of any outbreak to date occurred
during the outbreaks in Malaysia and Singapore in 1999, and
pigs were the source of human infections, demonstrating the
importance of pigs as an intermediary amplification host. We
found no serologic evidence of NiV infection of pigs in Laos,
but this finding does not confirm the absence of NiV in this
country. Pteropid fruit bats are present in Laos and to better
understand the epidemiology and risks of NiV, surveys of
these competent reservoir host species will be required.
Serologic data for SIV indicated low levels of virus circula-

tion in the pig survey population during May 2008–January
2009. We found no evidence of H1NI (Ratchaburi or pandemic
2009 strain) infection; only the H3N2 subtype was detected.
We could only confirm HI positivity for 2 of 23 ELISA-
reactive serum samples, both of which were inconclusive in
the ELISA, indicating that the ELISA has not been fully opti-
mized for pig serum or that different subtypes are circulating in
pigs in Laos. The influenza ELISA is well defined for testing
avian and equine serum but less well defined for testing pig
serum. This finding was further evident in our finding that two
ELISA-negative samples were positive for H3N2 by HI. Influ-
enza HI is affected by the degree of homology between the
assay virus and the virus to which animals have been exposed.
It was possible that many of the 14 serum samples that were
ELISA positive, but not HI positive, could represent animals
with exposure to a sufficiently different but homologous sub-
type, or to an untested subtype such as H9 or H5. In southern
China, near the border region with northern Laos, the H9 sub-
type has been shown to have a prevalence of 10.5%30 and
could explain some of the discrepancies we observed between
ELISA and HI results. However, the 2 of 14 ELISA-negative
HI (H3N2)-positive serum samples suggests that additional
work is required to define ELISA sensitivity with pig serum in
Southeast Asia. The low frequency of antibody to SIV may
also result from a low-density pig population acting as a natural
barrier to maintenance of virus endemicity and therefore to
timing of the test cohort relative to the opportunity for peri-
odic spread of the virus.
We provide evidence that pigs are an important reservoir

of the viral zoonoses JEV and HEV in Laos, and limited
evidence suggests the early months of the monsoonal wet
season (May–July) coincide with peak transmission in pigs
and greatest risk for human disease. Our study supports the
need for continued surveillance of pig-associated viral zoo-
noses and the integration of human and veterinary public
health authorities to control these important diseases.
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