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Research program on the study of influenza A in Thailand: avian influenza

and swine influenza viruses
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Research program: Research program on the study of influenza A in Thailand: avian influenza

and swine influenza viruses

Abstract

Influenza is caused by influenza type A virus. In Thailand, influenza A viruses cause disease
outbreaks in avian and mammal species as well as human. The objective of this research program is to
study influenza A viruses in Thailand including avian influenza and swine influenza viruses for the overall
goal of monitoring, control and prevention of influenza in human and animals. This research program
composes of 4 projects following: project 1: Genetic reassortment of influenza viruses using quail as
mixing vessel model, project 2: Investigation of cross-species transmission of influenza A viruses, project
3: Preliminary study on the development of test kits for influenza A viruses: nucleic acid and antibody
tests, and project 4: Monitoring of genetic changes of 2010 swine influenza viruses in swine farms. The
results of the research projects were 1) Low pathogenic avian influenza H3N2 and swine influenza H1N1
viruses can replicate in quails. The viruses were released and shed in respiratory tract of the birds.
Moreover, reassortment of influenza viruses was found in quails as mixing vessel model. 2) Serological
study showed interspecies transmission of influenza viruses (especially pandemic H1N1 2009) between
pigs and human. Occupational risk of influenza transmission was identified. Humans who were in close
contact with animals had high risk. 3) The PCR-LAMP assay was developed. The assay had high
sensitivity, specificity and validity with moderate reliability. In addition, the cloned NP protein was
available for the development of NP-ELISA. 4) In 2010-2011, the endemic swine influenza viruses
(swH1N1) and pandemic H1N1 2009 (pH1N1) were isolated from swine farms. The viruses were
clustered into different groups with some nucleotide polymorphisms. In summary, the benefit of this
research program is providing the useful information of influenza A viruses in Thailand (both avian
influenza and swine influenza). For examples 1) quail susceptibility to influenza infection and role of
quail as mixing vessel were clearly shown. 2). Information of interspecies transmission of swine influenza
in human and human influenza in swine was shown. Moreover, occupational risk of influenza
interspecies transmission was identified. 3). Nucleic acid and antibody test kits for influenza detection
were preliminarily developed and used in the laboratory. In addition, application to the field for
monitoring of influenza in animals and human will be very useful. 4). Information of swine influenza
viruses, subtype, genetic changes and mutation as well as molecular epidemiology of the viruses in
Thailand was provided. In conclusion, the information gained from this research program will be very
useful for planning and development of the monitoring, control and prevention programs of influenza in

human and animals in the future.
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Project 1: Genetic reassortment of influenza viruses using quail as mixing vessel model

Abstract

Influenza A virus causes influenza in several avian species. The objectives of this study are to
study influenza A virus infection in quails and role of quails as mixing vessel for new influenza
reassortant. The study consisted of 3 steps including 1) animal and influenza virus preparations and
challenges 2) clinical, pathological and viral shedding observations 3) genetic reassortment observation.
In this study, quails were divided into 6 groups and challenged with: group 1) low pathogenic avian
influenza H3N2 (n=15), group 2) swine influenza H1N1 (n=15), group 3) co-infection (H1N1 & H3N2)
(n=15), group 4) negative control (n=15), group 5) contact birds in group 1 (n=5) and group 6) contact
birds in group 2 (n=5). The results showed that low pathogenic avian influenza virus (H3N2) and swine
influenza virus (H1N1) as well as co-infection (H3N2 & H1N1) could infect and replicate in quails. Quails
showed no clinical signs and no mortality by the end of the experiment (day 7). Quails in group 1 (low
pathogenic avian influenza H3N2) and group 3 (co-infection) showed more severe pathogenic and
histopathogenic lesions than animals in group 2 (swine influenza H1N1), group 5 and 6 (contact birds),
with statistically significant. In addition, quails in co-infection group (group 3) had higher viral shedding
than quails infected with low pathogenic avian influenza H3N2 (group 1) and swine influenza H1N1
(group 2) and contact birds (group 5 and 6). The results from the study also confirmed that quails could
serve as mixing vessel for new influenza reassortants. One new reassortant genotype, H3N1, was
identified from tracheal swab of a quail by plaque-purification. The genetic of H3N1 virus revealed that 7
genes were acquired from low pathogenic avian influenza H3N2, while NA gene was acquired from
swine influenza H1N1. In summary, this study provided information of sensitivity of quails with the
infection of low pathogenic avian influenza H3N2 and swine influenza H1N1 viruses as well as the
information of new influenza reassortant from quails as mixing vessel. The information gained from the
study can be used for the prevention and control influenza A virus infection in both human and animal

populations.
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Project 2: Investigation of cross-species transmission of avian, human & swine influenza A

viruses

Abstract

Influenza A virus subtype H1N1, H1IN2 and H3N2 cause influenza in swine worldwide and can
infect and cause influenza in humans. The objective of this project is to investigate the cross-species
transmission of influenza viruses in swine and human in swine farms. This project composed of 3
phases including phase 1) selection of target population (high risk population), phase 2) blood sample
collection from humans and swines, and phase 3) serum testing by using hemagglutination-inhibition (HI)
test. Five hundred and one swine serum samples were collected from 11 swine farms in the provinces
with high density of swine populations (Saraburi, Ratchaburi, Nakhon Pathom, Suphanburi, Nakhon
Sawan, Phitsanulok, Chonburi and Prachinburi). Three hundred and one human serum samples were
also collected from 2 swine farms in Ratchaburi and Chonburi. All serum samples were subjected for
antibody titer test against swine influenza viruses (swH1N1-06, swH3N2-07, pH1N1-09), human
influenza virus (huH1N1-07) and homologous viruses (SA43-H1N1-09, RC15-H1N1-09, PS73-H1N1-10).
The result showed that swine had highest antibody titer against swH1N1-06 (62%) and then homologous
strains, pH1N1-09 and swH3N2-07, respectively. Swine of all age groups had highest antibody titer
against swH1N1-06. The results also showed that human working in swine farms had antibody against
swH1N1-06, swH3N2-07, pH1N1-09 more than huH1N1-07. In addition, human of all occupations had
antibody against swH1N1-06. The highest antibody titers were found in veterinarian and swine
caretakers, respectively. In summary the results showed the evidence of cross-species transmission of
swine influenza and human influenza viruses. High risk populations were those who in direct contact
with the animals. The benefit of the study is baseline information of inter-species transmission of swine
influenza virus in humans and human influenza virus in swine. Occupational risk for influenza infection
was also identified and should be focused to reduce the risks. The information gained from th study can

be used for planning influenza prevention and control strategies in swine and human in the future.
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Project 3: Preliminary study on the development of test kits for influenza A viruses: nucleic acid

and antibody tests
Abstract

Detection of influenza A virus can be applied by 2 major approaches, the identification of antigen
and antibody. The objectives of this study is to develop test kits for influenza A viruses including 1) the
development of rapid nucleic acid test for influenza A virus (PCR-LAMP) and 2) the development of
antibody test for influenza A virus infection (NP-ELISA). The PCR-LAMP development composes of 3
phases including, phase 1) preparation of reference influenza strains, phase 2) development of nucleic
acid test for M gene, and phase 3) application of nucleic acid test in the farms. PCR-LAMP was
developed by designing 4 M-gene specific primers and testing for optimized conditions. The optimized
conditions for PCR-LAMP was incubation at temperature 63 ° C for 60 min with Bst DNA polymerase
1 Unit and MgSO, 6 mM. The minimum detectable concentration for the PCR-LAMP was 107 EIDs, or
1.7 pg of RNA. This assay had high sensitivity and specificity (100%) with 88-100% validity and 83.33%
reliability. However, PCR-LAMP had moderate concordance with standard tests (76.92%) when applied
to field samples. In summary, this study had developed rapid nucleic acid test with high sensitivity, high
specificity and high validity with moderate reliability. However, evaluation of conditions and reagents for
PCR-LAMP should be conducted for improving the assay. The NP-ELISA development composes of 3
phases including, phase 1) cloning of NP gene, phase 2) protein expression, and phase 3) ELISA
preparation. The results showed that NP gene had been cloned into vector system and expressed
expected NP-protein of 68 kDa. The NP-expressed protein was examined with positive and negative
control serum. However, the result showed that NP-expressed protein had low specificity and only small
amount of protein was produced. In summary, this study had provided NP-expressed protein, however
the NP-ELISA was not yet available, since the protein had low specificity and low yield. The benefits of
the study are 1) rapid nucleic acid test (PCR-LAMP) can be applied for the laboratories and fields in the
future and can be used as rapid influenza screening test for monitoring of influenza in avian and wild
bird species, 2 antibody test (NP-ELISA) can be used for testing influenza infection in several animal

species and will be useful for monitoring inter-species transmission.
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Project 4: Monitoring of genetic changes of 2010 swine influenza viruses in swine farms

Abstract

Swine influenza virus (SIV) causes influenza in swine population. SIV commonly found in swine
are influenza A subtypes H1N1, H1N2 and H3N2 and spread in several countries worldwide. The
objective of this porject is to monitor genetic changes or mutations of SIV from swine farms during 2010-
2011. This project composes of 3 phases including phase 1) sample collection from swine farms and
SIV isolation and identification, phase 2) whole genome sequencing of the SIVs, and phase 3) analysis
of genetic changes or mutations of SIV from Thailand. In this study, 600 nasal swab samples and 14
lung samples were collected from 13 swine farms in 7 provinces in central and eastern parts of Thailand.
The results showed that 8 samples (1.3%) were positive for influenza virus (M gene). Four out of 8
samples were isolated and designated as A/swine/ Thailand/CU-SPL2/2010 (H1N1), A/swine/Thailand/
CU-SPL4/2010 (H1N1), A/swine/Thailand/CU-SPN47 /2010 (H1N1) and A/swine/Thailand/CU-
SPN65/2010 (H1N1). In detail, two isolates were identified as influenza virus subtype H1N1 circulating
in Thai swine population (swH1N1) and 2 isolates were identified as pandemic influenza H1N1 2009
(pH1N1). In addition, whole genome sequences of all 4 SIV from the study were elucidated and
subjected for genetic analysis. Phylogenetic analysis showed that HA gene of all 4 SIV were grouped
into classic swine lineage and NA gene were clustered into avian-like swine lineage. However the
swH1N1 and pH1N1 can be further separated into 2 subgroups of classic swine lineage. Genetic
analysis showed that amino acids at HA cleavage site, receptor binding sites, glycosylation sites were
conserved, while antigenic sites of the SIV contained high polymorphic amino acids. The benefits of the
study include the information of SIV infection and subtype of SIV circulating in Thai swine farms, the
information of genetic changes or mutations of SIV and the information of epidemiological origin of the
viruses. The information gained from the study can be used for the prevention of SIV infection and

transmission in swine.



