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Chapter 1  

Introduction 

Influenza is an infectious respiratory disease affecting humans and several 

animal species worldwide.  Influenza virus causes mild to severe illness and even 

death in humans.  The clinical symptoms include high fever, headache, coughing, 

rhinitis and pneumonia.  Influenza virus can spread easily among human and animal 

populations via aerosol and direct contact.  In the 20th century, there were three 

influenza pandemics including the Spanish flu of 1918-1919, the Asian flu of 1957-

1958 and the Hong Kong flu of 1968-1969.  The influenza virus subtypes H1N1, H2N2 

and H3N2 were responsible for these pandemic outbreaks, respectively (Widelock et 

al., 1958; Cockburn et al., 1969; Taubenberger et al., 1997).  To date, H1 and H3 

subtypes have become the dominant strains of annual flu and cause seasonal 

human influenza worldwide (WHO, 2013).  The emergence of the outbreak of novel 

influenza A pandemic H1N1 in 2009 has increasingly recognized as a worldwide 

public health concern and this outbreak had become the first pandemic of the 21st 

century in human populations (CDC, 2010).  As a result, it can also affect in 

widespread illness and death, social disruption and economic loss.  Because the 

influenza virus can change themselves easily through the antigenic drift and antigenic 
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shift and the outcome are unpredictable, it is a great concern of a new virus 

emerging that can threat to human life. 

Influenza A virus (IAV) is classified into subtypes based on 2 surfaced proteins, 

Haemagglutinin (HA) and Neuraminidase (NA).  Up to date, 18 HA and 11 NA subtypes 

have been reported.  IAV subtype 1-16 have been found in shorebirds and 

waterfowls that are considered to be a primary reservoir of influenza A virus, while 

IAV subtypes 17-18 are found in bats (Tong et al., 2013).  Several subtypes of IAVs 

can infect several avian species.  However, only selected IAV subtypes can infect 

both human and animal species (Webby et al., 2004). 

Canine IAV caused influenza outbreaks in dog populations in many countries 

worldwide.  Canine influenza virus subtype H3N8 (canine-H3N8) was first isolated 

from racing greyhound dogs in the United States in January 2004 (Crawford et al., 

2005).  Since then, canine-H3N8 infection has been reported in several states in the 

US (Crawford et al., 2005; Dubovi and Njaa, 2008; Payungporn et al., 2008; Beeler, 

2009; Barrell et al., 2010; Dubovi, 2010; Hayward et al., 2010; Holt et al., 2010; 

Rivailler et al., 2010; Seiler et al., 2010; Serra et al., 2011).  In Asia, canine-H3N2 has 

been reported in both Korea and China, while canine influenza virus subtype H3N1 

(canine-H3N1) has only been reported in Korea (Song et al., 2008; Li et al., 2010; Song 

et al., 2012).  In 2012, canine-H3N2 was first reported from a dog in Thailand 

(Bunpapong et al., 2014).  At present, at least six IAV subtypes have been reported of 

infection in dogs worldwide including H1N1 (Lin et al., 2012), H3N8 (Crawford et al., 
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2005), H3N2 (Song et al., 2008), H5N1 (Songserm et al., 2006), H5N2 (Zhan et al., 

2012) and H3N1 (Song et al., 2012).  Intra-species transmission of canine IAV subtype 

H5N2, H3N2 and H3N8 has also been reported in the experimental dogs (Jirjis et al., 

2010; Song et al., 2011; Song et al., 2013).  Since IAVs have been proved to cross the 

species barrier, many scientists have been awakened to study on a cross-species 

transmission of the viruses.  In addition, there is an evidence of experimental study in 

inter-species transmission of canine-H3N2 from dogs to cats (Kim et al., 2013).  

Since canine influenza has been circulating in dog populations and human-

pH1N1 and human-H3N2 have been circulating in human populations, the possibility 

of interspecies transmission among human and canine influenza viruses could not be 

ignored.  The major concern is human and dog interface.  In Thailand, the 

information of serological status of IAV infection in dogs is limited.  In this study, a 

serological survey of IAV infection in pet dogs was conducted to determine the 

occurrence of IAV infection and to investigate the seroprevalence of canine-H3N2, 

human-H3N2 and human-pH1N1 influenza in pet dogs in Bangkok and vicinities 

during December 2012 to November 2013 by using two serological assays (NP-ELISA 

and HI test). 
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Hypothesis 

The occurrence of IAV infection in pet dogs in Bangkok detecting by NP-ELISA 

and HI test can be reported in Thai dog populations. 

 

Objectives of study 

1. To monitor IAV infection status in Thai dog populations 

2. To determine the occurrence of canine IAV (H3) and human IAV (H1 and 

H3) infections in pet dogs in Bangkok and vicinities by using NP-ELISA and HI 

test



 

 

 

Chapter 2  

Literature review 

The structure, classification and properties of influenza virus 

Influenza virus contains 8 segments of negative sense, single-stranded RNA, 

belonging to the family Orthomyxoviridae (Webster et al., 1992).  There are three 

main types of influenza virus; types A, B and C.  The outbreaks of influenza viruses 

are mostly associated with influenza virus type A and B, while influenza virus type C 

is rarely reported and causes minor symptoms (Nicholson et al., 2003).  IAV can be 

isolated from several animal species, including pigs, horses, dogs, minks, seals, 

whales, birds as well as humans (Webster et al., 1992).  IAVs have been classified into 

subtypes based on two surface glycoproteins; the haemagglutinin (HA) and the 

neuraminidase (NA) proteins.  Nowadays, 18 HA (H1-18) and 11 NA (N1-11) subtypes 

have been identified (Tong et al., 2013).  The antigenic variation of IAVs has been 

occurred from 2 main evolutionary mechanisms; antigenic drift and antigenic shift 

(Nicholson et al., 2003).  Antigenic drift results from accumulative mutations in viral 

genome that continuously occur in nature, resulting in the emergence of new virus 

strains (Gerhard and Webster, 1978).  Antigenic shift occurs through the process of 

genetic reassortment in which the gene segments between different subtypes are 
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exchanged.  This may result in novel subtypes of IAVs with pandemic potential 

(Webster et al., 1992).   

 

Epidemiology of influenza A virus infection in dogs 

Canine influenza A virus (canine IAV), an equine origin influenza A subtype 

H3N8, was first isolated in the US in January 2004 (Crawford et al., 2005).  The first 

outbreak was reported in racing greyhounds in Florida and was then expanded to 

both racing greyhounds and pet dogs in 11 states in the US between 2004 and 2005 

(Yoon et al., 2005).  In addition, the evidences of the equine influenza viruses 

subtype H3N8 infection in dogs were reported in many countries, including Australia 

(Kirkland et al., 2010) and the United Kingdom (Daly et al., 2008).  During the 

outbreaks of avian influenza A (H5N1) virus, a fatal case of dog naturally infected with 

avian influenza H5N1 virus was reported in Thailand (Songserm et al., 2006).  

Subsequently, canine IAV subtype H3N2 was first isolated from both pet dogs and 

farmed dogs in South Korea in 2007 (Song et al., 2008).  Moreover, canine IAV 

subtype H3N2 has also been reported in Guangdong province in China (Li et al., 

2010).  In 2009, either H1N1/2009 influenza virus or canine IAV subtype H5N2 were 

identified in sick dogs in China (Lin et al., 2012; Zhan et al., 2012).  Recently, the 

novel canine IAV subtype H3N1 was isolated from dogs in South Korea during May 

2007 to December 2010.  The molecular analysis of this novel canine IAV subtype 



 

 

7 

H3N1 showed the evidence of genetic reassortment between pandemic H1N1 2009 

and canine IAV H3N2 (Song et al., 2012). 

Nowadays, canine IAV infection in dogs has been reported in many parts of 

the world. Most of dogs infected with canine IAV usually show respiratory signs with 

low mortality rate (Dubovi and Njaa, 2008; Harder and Vahlenkamp, 2010).  A 

previous study demonstrated that canine IAV subtype H3N8 can experimentally 

transmit among dogs via direct contact (Jirjis et al., 2010).  In addition, all dog breeds 

are prone to be infected with these viruses (Dubovi and Njaa, 2008).  Although there 

is no evidence of canine IAV transmission from dogs to humans, a recent study 

showed that canine IAV H3N2 can be experimentally transmitted from dogs to cats 

via airborne (Kim et al., 2013).  However, in 2012, Lin et al. suggested the inter-

species transmission of IAV from humans to dogs was possible.  Two pH1N1/2009 

influenza viruses were isolated from domestic dogs in China and the sequence 

analysis of all eight genes in two viruses characterized as human-like influenza viruses 

pH1N1/2009, pointing out the possibility of IAV transmission from humans to dogs 

(Lin et al., 2012). 

 

Epidemiology of influenza A virus infection in humans 

Influenza A viruses are one of the causative agents of human influenza and 

can be found in human populations worldwide.  At present, only 7 subtypes of IAVs 
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have been reported to infect human including H1N1, H2N2, H3N2, H5N1, H7N7, H7N9 

and H9N2 (Payungporn et al., 2010).  Influenza viruses are changing all the time by 

antigenic drift and sometimes antigenic shift occurs.  The influenza pandemic 

emerges when the new virus has occurred and most people have no antibodies 

against it.  The outcome of influenza pandemic affects in human health status and 

threatens to global public health.  Not all subtypes of IAV have turned out to be 

influenza pandemic.  In the past century, there were three influenza pandemics in 

the 20th century, including the Spanish flu of 1918-1919, the Asian flu of 1957-1958 

and the Hong Kong flu of 1968-1969.  The H1N1, H2N2 and H3N2 strains of influenza 

viruses were responsible for these pandemic outbreaks (Stephenson and Zambon, 

2002).  The first pandemic of the 21st century in human populations was identified in 

April 2009 and it caused by the novel pandemic H1N1 influenza virus, a triple 

reassortant among human, avian and swine influenza viruses (Ison and Lee, 2010).  At 

first, this outbreak has emerged in Mexico in April 2009 and was then expanded to 

over 208 countries, including China, Japan and Thailand (de Silva et al., 2009; Dapat 

et al., 2012; Fang et al., 2014).   

In Thailand, the epidemiological survey between June 2009 and July 2012 

was shown that 42% (2697 of the 6417) of patients with influenza-like illnesses in 

Bangkok were positive for influenza viruses, with identification in pH1N1 (30%), H3N2 

(10%) and influenza B (3%) of tested samples.  In details, pH1N1 was the 
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predominant subtypes of human influenza in Bangkok during the 2009-2010.  After 

that, a high prevalence of seasonal influenza H3N2 was detected in 2011.  Then, in 

2012, human-pH1N1, human-H3N2, and influenza B viruses had been co-circulated in 

human populations continuously (Prachayangprecha et al., 2013).  At present, pH1N1 

virus has become the seasonal flu virus that also co-circulates with human-H3N2 in 

human populations (Poovorawan et al., 2013). 

 

Serological survey of influenza A virus in dogs 

Since IAVs have been proved to cross the species barrier, many countries 

have been awakened to take action on IAV surveillance and monitoring program 

especially on the serological profile.  Serology tests, including ELISA and 

haemagglutination inhibition test (HI test), are diagnostic tools used for confirmation 

of canine IAV infection.  Nucleoprotein (NP) based ELISA is used to detect anti-

influenza A NP-antibodies in human and animal sera, whereas HI test is able to 

determine subtype specific antibodies.  Nowadays, there are several reports of 

serological survey of canine IAV infection in dogs in many countries worldwide.  

 Influenza A subtype H3N2 

In South Korea, the avian origin canine influenza virus (H3N2) infection was 

identified in farm dogs (19%) and pet dogs (0.5%) by using NP-specific ELISA.  This 
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finding indicated that canine IAV was circulated among dog populations in this 

country (Lee et al., 2009). 

In china, a previous study showed that avian origin canine IAV H3N2 in pet 

dogs was determined in 5 different animal hospitals in Shenzhen city from May to 

July 2009.  In this study, 6.71% of sera samples of pet dogs were positive for canine 

influenza virus by using ELISA.  Moreover, the results from HI test showed that 6.06% 

of tested sera contained anti-H3 antibodies.  Therefore, it can be concluded that 

avian origin canine IAV infection could be found in dog populations in China (Zhao et 

al., 2011).  Three years later, another study was aimed to investigate the 

seroprevalence of avian-origin canine-H3N2 virus in China dogs between January 2012 

and June 2013.  The results showed that 3.5% (31 out of 882 dogs) of the tested sera 

had antibodies against H3 antibodies by using HI test (Sun et al., 2014).  

 Influenza A subtype H3N8 

In Canada, the serological surveys of H3N8 infection in dogs were conducted 

in 9 veterinary practices in Ontario from January 15 to June 20, 2006.  This study 

showed that anti-canine influenza H3N8 virus antibodies was detected in only one 

sample of the total 225 dog sera (0.4%) by using haemagglutination inhibition test 

(Kruth et al., 2008). 
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In the US, a previous study showed that 42 % (31 out of 74 dogs) of shelter 

dogs were seropositive for canine influenza virus (H3N8) (Holt et al., 2010).  In 

addition, a previous serological survey indicated that H3N8 canine IAV infection had 

been identified in racing greyhounds in the US since 1999 (Anderson et al., 2012a).  

Subsequently, serologic prevalence of canine IAV subtype H3N8 infection in dogs in 

the US was noted again between 2005 and 2009.  The results showed that 49% of 

1,268 dog sera collected from pet and shelter dogs in 42 states was seropositive for 

canine IAV H3N8 virus by using HI test (Anderson et al., 2013).  However, a previous 

study demonstrated that none of the total 399 sera samples obtained from racing 

sled dogs were seropositive for canine IAV H3N8 virus (Pecoraro et al., 2012). 

 Influenza A subtype H1N1 2009 (pandemic H1N1) 

In Italy, serological survey of 2009 pandemic H1N1 (pH1N1) in companion 

animals was conducted from October to December 2009.  The results from this 

study showed a low prevalence of influenza virus infection (0.7%) in dogs.  However, 

none of the cat sera samples were seropositive for IAV by using a commercial 

competitive ELISA.  In addition, 7 out of 29 canine sera samples showed seropositive 

against pandemic 2009 H1N1 virus by using HI test (Dundon et al., 2010). 

In Germany, 7 out of the 736 dog sera (0.95%) and 10 out of the 414 cat sera 

(2.42%) were serologically positive for IAVs by using the NP-ELISA.  Moreover, this 

study also revealed that the seroprevalence of pandemic 2009 H1N1-specific 
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antibodies in dogs and cats  was 0.13% and 1.93%, respectively determined by the 

N1 ELISA and a virus neutralization (VN) test (Damiani et al., 2012). 

In China, serological survey of 2009 pandemic H1N1 (pH1N1) in domestic pet 

dogs was conducted between January 2012 and June 2013.  Of the tested sera, 1.5% 

(13 out of 882 dogs) had pH1N1-specific antibodies by using HI test (Sun et al., 2014).  

 Influenza A subtype H9N2 

In Iran, 45.05% of the Iranian domestic dogs were seropositive for IAV by using 

ELISA.  Of all seropositive, 81.7 % of these dogs had antibodies against H9N2 

influenza viruses by using HI test (Hasiri et al., 2012). 

 

Haemagglutination inhibition (HI) test 

Haemagglutination inhibition (HI) test is considered as a gold standard for 

serological diagnosis of IAV infection.  This assay can be used to classify the HA 

subtypes of the virus by detecting anti-HA specific antibodies.  However, nonspecific 

factors presented in some animal sera, including dog sera might cause inaccurate 

results of HI test.  Therefore, animal sera must be first treated with different methods 

before performing HI test in order to eliminate the nonspecific factors.  The process 

of sera treatment is composed of 2 steps; the first is the inactivation of non-specific 

inhibitors of haemagglutination in sera by using receptor-destroying enzyme (RDE), 
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trypsin or kaolin.  Another step is the elimination of non-specific haemagglutinin in 

sera by using erythrocytes.  

Receptor-destroying enzyme (RDE), an enzyme neuraminidase from Vibrio 

cholera, has been used in sera treatment for inactivation of non-specific inhibitors of 

haemagglutination in sera.  According to, the OIE recommendations (Edwards, 2006), 

sera treatment with RDE should be done before starting the process of HI test.  In 

addition, many substances can be used in practical for inactivation of non-specific 

inhibitors of haemagglutination in sera such as kaolin.  Kaolin is a natural clay particle 

for removing several sera proteins such as lipoproteins and glycoproteins (Haukenes 

and Hjeltnes, 1991a; Haukenes and Hjeltnes, 1991b).  The amount of kaolin particles 

using in sera treatment is about 5 to about 20%. 

To date, there are many recommended protocols for dog sera treatment 

(Table 1).  The variations in each step, including the type of additional sera treatment 

and the use of different red blood cell (RBC) species in the process of sera 

treatment, may effect on the validity and reliability of the assay.  
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Table 1 Inter-laboratory variations of protocols for dog sera treatment and HI 

test 
 

Canine IAV  Sera treatment  Reference 

Type of additional sera 
treatment 

Type of erythrocyte 
for sera adsorption 

H3N8 RDE** - Pecoraro et al., 
2012 

pH1N1,H3N8 RDE - Dundon et al., 
2010 

H3N8 RDE, calcium saline, 

sodium citrate solution 

turkey RBCs* Kruth et al., 2008 

H3N8, H3N2 RDE - Said et al., 2011 

H1N2,H3N2, 

H5N1, H9N2 

RDE - Zhao et al., 2011 

H3N8 trypsin, potassium 
metaperiodate 

chicken RBCs(Edwards, 
2006) 

Yamanaka et al., 
2012 

H9N2 - chicken RBCs  Hasiri et al., 2012 

H3N8 Kaolin chicken RBCs  Oien et al., 2012 

* RBCs: Red Blood Cells, **RDE: Receptor Destroying Enzyme  

Up to date, there is no standard protocol recommended for sera treatment in 

dog sera.  Therefore, standardization of sera treatment and HI methods for dog sera 

in laboratories are necessary before performing HI tests



 

 

 

Chapter 3  

Material and Methods 

 This study was composed of 3 steps; Step I: The sample collection from pet 

dogs in Bangkok and vicinities, Step II: The screening of influenza A specific antibody 

in dog sera by using NP-ELISA and Step III: The evaluation of anti-HA specific 

antibodies in dog sera by using HI test.  The conceptual framework of this study is 

shown in Figure 1.  
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Figure 1 The conceptual framework of this study 
 

Step I: The sample collection from pet dogs in Bangkok and vicinities 

Blood samples were collected from December 2012 to November 2013.  The 

samples were obtained from CU-veterinary diagnostic laboratory and private 

veterinary diagnostic laboratories.  The samples were obtained from at least 467 

veterinary clinics and hospitals located in 15 main provinces of Thailand, including 

Bangkok, Chiang Mai, Lamphun, Lop Buri, Mukdahan, Nakhon Nayok, Nakhon Pathom, 

Step I: The sample collection from pet dogs in Bangkok and vicinities 

 
Step II: The screening of influenza A specific antibody in dog sera by using 
NP-ELISA 

 
Step III: The evaluation of  anti-HA specific antibodies in dog sera by using 
HI test 

• Standardization of HI test 
• HI test  (anti-canine influenza H3 and anti-human influenza H1 & H3 

antibodies) 

Overall Goals 

• The occurrence of influenza A virus infection in pet dogs in Bangkok 
and vicinities 

• Standard protocol for the HI test in dog sera 
• The serological profile of the influenza A H1 & H3 virus infection in 

dogs in Bangkok and vicinities 
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Nonthaburi, Pathum Thani, Prachin Buri, Ratchaburi, Samut Prakan, Samut Sakhon, 

Sing Buri and Udon Thani.  The selected animal hospitals and veterinary diagnostic 

laboratories were chosen based on geographical locations, collaboration and high 

number of cases in the hospitals or laboratories.  In total, 9,891 sera samples were 

obtained from both healthy and sick dogs of any breed, age and gender.  After blood 

collection, all samples were sent to laboratory of Virology Unit, Department of 

Veterinary Microbiology, Faculty of Veterinary Science, Chulalongkorn University for 

performing the serological tests.   

 

Step II:  The screening of influenza A specific antibody in dog sera by 
using NP-ELISA 

All of the 9,891 sera samples were screened for antibodies against influenza A 

nucleoprotein (NP) by using ID Screen® Influenza A Antibody Competition ELISA kit 

(ID VET, Montpellier, France), following the manufacturer’s instructions (Bunpapong 

et al., 2014).   

 ID Screen® Influenza A Antibody Competition ELISA kit (ID VET) is used as a 

diagnostic tool based on competitive principle.  It is designed for detection of 

antibodies directed against the internal nucleocapsid protein of the IAV.  It can be 

used in multi-species including dogs (De Benedictis et al., 2010).  For sera 

preparation, dog sera sample was prepared by diluting each sera sample with 
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dilution buffer.  After the process of sera preparation, each prepared sample was 

incubated in 96-well microplates coated with Antigen A (Ag A) at 37°C (± 2°C) for 1 

hour ± 5 min, followed by washing each well for 5 times with 300 µl of the wash 

solution/wash.  After that, the 50 µl of the conjugate 1X was added to each well and 

was then incubated for 30 min ± 2 min at 21°C (± 5°C).  After an additional 3 times 

washing with the wash solution, add 50 µl of the substrate solution to each well, 

followed by incubation for 10 min ± 1 min at 21°C (± 5°C) in the dark room.  Then 

the 50 µl of the stop solution was added before reading and record the O.D. at 450 

nm.  Both positive and negative controls were included.  The ELISA results were 

interpreted by the competition percentage (competition %).  The competition 

percentage for each sample was calculated from the formula: 

Competition % = (OD specimen / OD negative control) × 100 

Sera samples with the competition percentage less than or equal to 45% were 

considered positive, those of between 45% and 50% were considered doubtful and 

those of greater than or equal to 50% were considered negative.   
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Step III: The evaluation of anti-HA specific antibodies in dog sera by using HI 
test 

1. Standardization of HI test 

Because HI standard protocol for detecting anti-HA specific antibodies in dog 

sera was not available, HI test was first standardized by following the OIE standard 

protocol for avian influenza virus with some modifications (Hirst, 1942; Shortridge and 

Lansdell, 1972; Rowe et al., 1999; Edwards, 2006).  Standardization of HI test was 

divided into 2 phases; Phase I: Standardization of sera treatment and Phase II: 

Standardization of HI test.  Three known anti-H3 CIV positive control dog sera and 

three known negative control dog sera were used to standardize HI test in dog sera. 

Phase I: Standardization of sera treatment 

Normally, there are 2 non-specific factors, non-specific inhibitors of 

haemagglutination and non-specific haemagglutinin, which need to eliminate by 

process of sera treatment before performing HI test.  In this study, various techniques 

of sera treatment were compared for determining their efficacy in elimination of non-

specific factors in dog sera (Table 1). 

 Elimination of non-specific inhibitors of haemagglutination in dog sera 

Two techniques were used to eliminate non-specific inhibitors, including 1) 

receptor destroying enzyme (RDE) treatment and 2) 20% kaolin treatment.  The 

efficacy between these 2 techniques was then compared. For RDE treatment, 100 µl 



 

 

20 

of sera was treated with 300 µl of RDE working solution (Denka Seiken, Tokyo, Japan) 

and incubated overnight (20 hours) in a 37ºC water bath.  Then RDE was inactivated 

by incubation at 56ºC for 30 min.  For Kaolin treatment, 100 µl of sera was treated 

with 400 µl of 20% Kaolin (Sigma-Aldrich, St. Louis, MO) and incubated at room 

temperature for 30 min. 

 Elimination of non-specific haemagglutinin in dog sera 

Two different types (chicken and turkey) and concentrations (50% and 100%) 

of erythrocytes (RBC) were compared for determining the efficacy in elimination 

of non-specific haemagglutinin in dog sera.  Treated dog sera from the step of 

elimination of non-specific inhibitors were absorbed with 100 µl of 50% or 100% 

of chicken or turkey RBCs at room temperature for 1 hour. 
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Table 2 The techniques of sera treatment of HI test in dog sera used in this 
study 

 

Sera treatment 

1. Techniques used for elimination 

of non-specific inhibitors of 

haemagglutination 

2. Types and percentages of RBC 

used for non-specific 

haemagglutinin elimination 

Type of erythrocyte % of erythrocyte 

RDE** 

Chicken RBCs* 
50% 

100% 

Turkey RBCs 
50% 

100% 

20% Kaolin 

Chicken RBCs 
50% 

100% 

Turkey RBCs 
50% 

100% 

* RBCs: Red Blood Cells, **RDE: Receptor Destroying Enzyme 
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According to Table 2, the techniques used to standardize HI test in dog sera 

can be classified into 8 groups as follows; 

Group A: Canine known H3-positive sera and three known negative control dog sera 

samples were first treated with RDE (1 part sera, 3 parts of RDE) for 20 hour at 37°C, 

followed by heat inactivation at 56°C for 1 hour.  RDE-treated sera were then 

absorbed with 100 µl of 50% chicken red blood cells (CRBCs) and incubated at room 

temperature for 1 hour. (RDE + 50% CRBCs)  

Group B: Canine known H3-positive sera and three known negative control dog sera 

samples were first treated with RDE (1 part sera, 3 parts of RDE) for 20 hour at 37°C, 

followed by heat inactivation at 56°C for 1 hour.  RDE-treated sera were then 

absorbed with 100 µl of 100% chicken red blood cells (CRBCs) and incubated at 

room temperature for 1 hour. (RDE + 100% CRBCs) 

Group C: Canine known H3-positive sera and three known negative control dog sera 

samples were first treated with RDE (1 part sera, 3 parts of RDE) for 20 hour at 37°C, 

followed by heat inactivation at 56°C for 1 hour.  RDE-treated sera were then 

absorbed with 100 µl of 50% Turkey red blood cells (TRBCs) and incubated at room 

temperature for 1 hour. (RDE + 50% TRBCs) 
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Group D: Canine known H3-positive sera and three known negative control dog sera 

samples were first treated with RDE (1 part sera, 3 parts of RDE) for 20 hour at 37°C, 

followed by heat inactivation at 56°C for 1 hour.  RDE-treated sera were then 

absorbed with 100 µl of 100% Turkey red blood cells (TRBCs) and incubated at room 

temperature for 1 hour. (RDE + 100% TRBCs) 

Group E: Canine known H3-positive sera and three known negative control dog sera 

samples were first treated with 20% Kaolin (1 part sera, 4 parts of 20% Kaolin) for 30 

min at room temperature, followed by centrifuge at 2000 rpm for 10 min.  20% 

kaolin-treated sera were then absorbed with 100 µl of 50% chicken red blood cells 

(CRBCs) and incubated at room temperature for 1 hour. (20% Kaolin + 50% CRBCs) 

Group F: Canine known H3-positive sera and three known negative control dog sera 

samples were first treated with 20% Kaolin (1 part sera, 4 parts of 20% Kaolin) for 30 

min at room temperature, followed by centrifuge at 2000 rpm for 10 min.  20% 

kaolin-treated sera were then absorbed with 100 µl of 100% chicken red blood cells 

(CRBCs) and incubated at room temperature for 1 hour. (20% Kaolin + 100% CRBCs) 

Group G: Canine known H3-positive sera and three known negative control dog sera 

samples were first treated with 20% Kaolin (1 part sera, 4 parts of 20% Kaolin) for 30 

min at room temperature, followed by centrifuge at 2000 rpm for 10 min.  20% 

kaolin-treated sera were then absorbed with 100 µl of 50% Turkey red blood cells 

(TRBCs) and incubated at room temperature for 1 hour. (20% Kaolin + 50% TRBCs) 
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Group H: Canine known H3-positive sera and three known negative control dog sera 

samples were first treated with 20% Kaolin (1 part sera, 4 parts of 20% Kaolin) for 30 

min at room temperature, followed by centrifuge at 2000 rpm for 10 min.  20% 

kaolin-treated sera were then absorbed with 100 µl of 100% Turkey red blood cells 

(TRBCs) and incubated at room temperature for 1 hour. (20% Kaolin + 100% TRBCs) 

 

Phase II: Standardization of HI test 

After sera treatment process, HI tests were performed in V-bottom 96-well 

microtiter plates (Bunpapong et al., 2014).  Each treated sera was serially two-fold 

diluted with phosphate buffered saline (PBS) and was then incubated with 8 

haemagglutination units (HAU) per 50 microliter of an avian origin canine influenza 

virus antigen (A/canine/Thailand/CUDC5299/2012(H3N2)) for 45 min at room 

temperature.  A 0.5% suspension of chicken RBCs or turkey RBCs were added before 

reading the titer after 1 hour incubation period.  Type of RBCs used in HI test was 

similar to type of RBCs used in the process of sera treatment.  All sera were tested in 

duplication.  Both positive (canine IAV H3-seropositive canine sera) and negative 

(canine IAV seronegative canine sera) control sera were included.  The HI titer was 

determined by the reciprocal of the last dilution that shows no agglutination and 

reported as geometric means.  Samples with a titer ≥ 40 were considered positive 
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(Mancini et al., 2012).  The flow chart of various techniques used for standardization 

of HI test in this study is showed in Figure 2. 
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Figure 2 The flow chart of protocols used for standardization of HI test in this 
study 

*RDE: Receptor Destroying Enzyme, **CRBCs: Chicken Red Blood Cells, 

***TRBCs: Turkey Red Blood Cells 
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2. HI test 

In this study, from HI optimization, the HI protocol of group C was used as 

standard protocol and applied to evaluate anti-HA specific antibodies in dog sera.  

Briefly, the NP-ELISA suspect and positive sera samples were first treated with RDE (1 

part sera, 3 parts of RDE) for 20 hour at 37°C, followed by heat inactivation at 56°C 

for 1 hour.  RDE-treated sera were then absorbed with 100 µl of 50% Turkey red 

blood cells (TRBCs) and incubated at room temperature for 1 hour.  After the 

process of sera treatment, each sera sample was serially two-fold diluted with 

phosphate-buffered saline (PBS) in 96-well micro-titer plates and was incubated with 

8 haemagglutination units (HAU) per 50 microliter of each virus for 45 min at room 

temperature.  A 0.5% of turkey RBCs suspension was added before reading the titer 

after 1 hour of incubation period.  All sera were tested in duplicate.  Both positive 

(canine IAV seropositive canine sera) and negative (canine IAV seronegative canine 

sera) sera controls were included.  The HI titer was determined by the reciprocal of 

the last dilution that shows no agglutination and reported as geometric means.  

Samples with a titer ≥ 40 were considered positive (Bunpapong et al., 2014). 

The virus antigens used in this study included canine H3N2 virus (canine-

H3N2) (A/canine/Thailand/CU-DC5299/2012(H3N2)), human pandemic H1N1 2009 

(A/Thailand/CUH1N1/2012(pH1N1)) and human H3N2 virus 

(A/Thailand/CUH3N2/2012(H3N2)).  An avian origin canine-H3N2 was isolated from a 
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pet dog in Thailand and propagated in 10-day-old embryonated chicken eggs 

(Bunpapong et al., 2014).  Human-H3N2 and human-pH1N1 viruses were isolated 

from patients with an influenza-like illness in February and May 2013, respectively, 

and propagated in Madin-Darby canine kidney (MDCK) cells maintained in minimum 

essential medium (MEM) (Invitrogen, Carlsbad, CA) in the presence of 1 µg/mL 

tosylsulfonyl phenylalanyl chloromethyl ketone (TPCK )-treated trypsin (Sigma-

Aldrich, St. Louis, MO) as described previously (Thontiravong et al., 2012). 
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Statistical analysis 

Descriptive statistics were used to illustrate the geographic locations and the 

numbers of IAV infected dogs in Bangkok and vicinities.  Data were analyzed with 

respect to the collection months and geographic locations.  To evaluate the 

standard protocol for sera treatment and HI test in dog sera, the canine sera 

antibodies against canine-H3N2 in different protocols of sera treatment were 

assessed by a comparison of the geometric mean titers (GMTs) of HI test.  In all tests, 

seropositive rates were demonstrated in percentages.  The estimation of 95% 

confidence intervals (CIs) of GMT HI titer in each virus was performed by using SAS 

version 9.3 (SAS Inc., Cary, NC, USA).



 

 

 

Chapter 4  

Results 

From December 2012 to November 2013, 9,891 sera samples were obtained 

from CU-veterinary diagnostic laboratory, a private veterinary diagnostic laboratory in 

Bangkok, and 467 veterinary clinics and hospitals located in 15 main provinces of 

Thailand, including Bangkok (n=8,624), Chiang Mai (n=15), Lamphun (n=1), Lop Buri 

(n=19), Mukdahan (n=23), Nakhon Nayok (n=17), Nakhon Pathom (n=160), Nonthaburi 

(n=566), Pathum Thani (n=159), Prachin Buri (n=150), Ratchaburi (n=22), Samut Prakan 

(n=6), Samut Sakhon (n=80), Sing Buri (n=16) and Udon Thani (n=33) (Table 3).  In 

total, the highest number of sera samples were collected from dogs in Bangkok 

(87.19%, 8,624/9,891) followed by vicinities (9.82%, 971/9,891), Eastern (1.52%, 

150/9,891), Northeastern (0.57%, 56/9,891), Central (0.53%, 52/9,891), Western 

(0.22%, 22/9,891) and Northern Thailand (0.16%, 16/9,891), respectively. 
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Table 3 Geographic distribution and number of dog sera collected in this study 
 

Provinces/Regions No. of dogs sera (%) 

Bangkok 8,624 (87.19%) 

Vicinities 
    - Nakhon Pathom  
    - Nonthaburi 
    - Pathum Thani  
    - Samut Prakan  
    - Samut Sakhon  

 
160 (1.62%) 
566 (5.72%) 
159 (1.61%) 
6 (0.06%) 
80 (0.81%) 

Northern Thailand 
    - Chiang Mai  
    - Lamphun 

 
15 (0.15%) 
1 (0.01%) 

Northeastern Thailand 
    - Mukdahan 
    - Udon Thani  

Eastern Thailand 
    - Prachin Buri  

 
23 (0.23%) 
33 (0.33%) 

 
150 (1.52%) 

Central Thailand 

     - Nakhon Nayok  
     - Lop Buri 
     - Sing Buri  

 

17 (0.17%) 
19 (0.19%) 
16 (0.16%) 

Western Thailand 
     - Ratchaburi 

 
22 (0.22%) 
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The number of sera samples collected in each month was shown in Figure 3.  

The highest number of sera samples was in June 2013 (n=1,150), while the lowest 

number of sera samples was in August 2013 (n=210).  The average number of 600 

sera samples was collected per month. 

 

 

Figure 3 Number of dog serums collected in each month 
 

Screening of influenza A antibodies in dog sera 

In this study, 9,891 dog sera samples collected from Bangkok, vicinities and 

main provinces of Thailand during December 2012 to November 2013 were 

subjected for IAV antibody detection by using NP-ELISA.  The percentages of IAV 

seropositive dogs detected by NP-ELISA test in each month were shown in Figure 4.  
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Overall, our results showed that 164 out of the 9,891 sera samples (1.66%) were 

positive for antibodies against IAV.  Our results also showed that seropositive ELISA 

samples were found in samples collected throughout the year.  The highest 

prevalence of IAV seropositive dogs was found in December 2012 (2.9%) and January 

2013 (2.73%), while the lowest prevalence of IAV in dogs was found in October 2013 

(0.89%).  The number of IAV seropositive samples in each month was shown in Table 

4.  All of the IAV seropositive samples were collected from dogs located in 11 

provinces of Thailand, including Bangkok, Chiang Mai, Lop Buri, Mukdahan, Nakhon 

Nayok, Nakhon Pathom, Nonthaburi, Pathum Thani, Ratchaburi, Samut Sakhon and 

Sing Buri.  The number of IAV seropositive samples by geographic distribution was 

demonstrated in Table 5. 

 

Figure 4 Monthly percentage of IAV seropositive dogs detected by NP-ELISA test 
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Table 4 Number and percentage of IAV seropositive dog samples detected by 
NP-ELISA 

 

Collection month/year No. of sera samples No. of positive ELISA (%) 

Dec-12 

Jan-13 

Feb-13 

Mar-13 

Apr-13 

May-13 

Jun-13 

Jul-13 

Aug-13 

Sep-13 

Oct-13 

Nov-13 

759 

990 

1,050 

1,120 

826 

1,094 

1,150 

702 

210 

726 

672 

592 

22 (2.90) 

27 (2.73) 

11 (1.05) 

17 (1.52) 

18 (2.18) 

17 (1.55) 

12 (1.04) 

11 (1.57) 

4 (1.90) 

10 (1.38) 

6 (0.89) 

9 (1.52) 
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Table 5 Geographic distribution of IAV seropositive dog samples  
 

Provinces No. of IAV seropositive dogs (%)  

Bangkok 

Chiang Mai 

Nakhon Nayok 

Nakhon Pathom 

Nonthaburi 

Pathum Thani 

Mukdahan 

Ratchaburi 

Lop Buri 

Samut Sakhon 

Sing Buri 

141 (85.98%) 

1 (0.61%) 

1 (0.61%) 

1 (0.61%) 

12 (7.32%) 

1 (0.61%) 

1 (0.61%) 

2 (1.22%) 

2 (1.22%) 

1 (0.61%) 

1 (0.61%) 
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Determination of anti-HA specific antibodies in dog sera detected by 
using HI test 

In this study, we standardized HI test in dog sera since there was no HI 

standard protocol for dog sera.  Three known anti-H3 canine IAV positive and canine 

IAV negative control dog sera were used to standardize the HI test by using canine-

H3N2 antigen.  Eight protocols of sera treatment used for HI test standardization were 

examined (Group A-H).  The patterns of agglutination and the GMT HI positive titer 

were compared to determine the suitable HI protocol for dog sera. 

Our results showed that the canine IAV negative control dog sera presented 

HI negative result and there was no evidence of partial haemagglutination in sera 

control of all groups.  This result indicated that non-specific factors in dog sera were 

completely eliminated (Figure 5).  It should be noted that 50% and 100% of TRBCs 

showed unambiguous inhibition pattern and more easily to interpret the result than 

those from CRBCs (Figure 6).  Moreover, dog sera treated with RDE (group A, B, C, D) 

showed more consistent GMT HI positive titer (254.57) than those treated with 20% 

kaolin treatment (group E, F, G, H) (Table 6).  It is important to note that RDE treated 

dog sera absorbed with TRBCs yielded higher percentage of positive samples and 

GMT HI positive titer than those absorbed with CRBCs when high number of dog sera 

samples (n=112) were used to compare between these 2 techniques (data not 

shown).  Our result demonstrated that RDE treatment, followed by TRBCs absorption 

is the most appropriate technique for elimination of non-specific factors in dog sera. 
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It is noted that 50% and 100% of TRBCs showed similar GMT HI positive titer.  

Overall, it can be concluded that RDE and 50% Turkey RBCs were chosen to be a 

standard protocol for sera treatment of HI test in dog sera (Table 7). 

 

A) Complete treatment    B)  Partial agglutination 

                                 

Figure 5 The patterns of haemagglutination in treated sera   
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Table 6 The HI results of known anti- H3 CIV positive sera samples treated with 
different techniques of sera treatment of HI test 

 

Group HI Protocol GMT HI positive 
titer* 

Agglutination 
(partial/complete) 

A RDE** + 50% CRBCs*** 254.57 Complete 

B RDE + 100% CRBCs 254.57 Complete 

C RDE + 50% TRBCs**** 254.57 Complete 

D RDE + 100% TRBCs 254.57 Complete 

E 20% Kaolin + 50% CRBCs 254.57 Complete 

F 20% Kaolin + 100% CRBCs 320.00 Complete 

G 20% Kaolin + 50% TRBCs 100.56 Complete 

H 20% Kaolin + 100% TRBCs 160.00 Complete 

*GMT HI positive titer = 2n x 5; n = mean HI positive score,  

**RDE: Receptor Destroying Enzyme, ***CRBCs: Chicken Red Blood Cells,  

****TRBCs: Turkey Red Blood Cells 

 

 

Figure 6 The HI tested plate from sera samples treated with RDE and 50% 
Turkey RBCs 
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Table 7 The standard protocol for sera treatment of HI test in dog sera 
 

HI protocol Canine sera 

Sera treatment 

- Elimination of non-specific 
inhibitors of haemagglutination 

- Elimination of non-specific 
haemagglutinin 

 

RDE 

50% Turkey RBCs 

HI test 

- RBC source & concentration 

 

0.5% Turkey RBCs 

 

To determine specific HA antibodies, 164 NP-ELISA suspect and positive sera 

samples were subjected to determine anti-canine influenza H3 and anti-human 

influenza H1 & H3 specific antibodies by using HI test.  The samples with a HI titer ≥ 

40 were considered positive, indicating the evidence of previous exposure to IAVs.  

The HI test results showed that approximately 37% of all positive and suspected sera 

samples from NP-ELISA test were positive HI titer to IAV subtypes canine-H3N2 (20, 

12.20%), human-H3N2 (2, 1.22%) and human-pH1N1 (38, 23.17%).  The GMT HI 

positive titer against canine-H3N2, human-H3N2 and human-pH1N1 were 80.00, 40.00 

and 156.71, respectively (Table 8) (Figure 7).  Interestingly, from HI test results, the 

evidence of co-infection of IAVs including co-infections between canine-H3N2 and 
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human-pH1N1 viruses (1.22%) and co-infections between human-H3N2 and human-

pH1N1 (1.22%) have been observed. 

 
Table 8 Percentage of seropositive sera samples and GMT HI positive titer 

detected by HI tests 
 

Virus Total No. of tested 

sera samples 

No. & (%) of HI 

positive samples 

GMT HI positive 

titer* 

Canine-H3N2 164 20 (12.20) 80.0 

Human-H3N2 164 2 (1.22) 40.0 

Human-pH1N1 164 38 (23.17) 156.71 

*GMT HI positive titer = 2n x 5; n = mean HI positive score 
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Figure 7 HI titers of seropositive sera samples from dogs against canine-H3N2, 
human-H3N2 and human-pH1N1 viruses.  GMT and 95% confidence 
intervals are indicated by long and short horizontal lines, respectively 

 

The percentages of HI positive dog sera samples against canine-H3N2, human-

H3N2 and human-pH1N1 viruses were analyzed by month (Figure 8).  The positive 

sera samples for human-pH1N1 virus were observed all year round (except in May 

2013).  Moreover, the canine-H3N2 seropositive samples were observed throughout 

the year except in April, July and November 2013.  In contrast, the positive sera 

samples for human-H3N2 virus were observed only in April and July 2013. 
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Figure 8 Percentages of HI seropositive sera samples from dogs against canine-
H3N2, human-H3N2 and human-pH1N1 viruses, by month.  Samples 
were positive when titer was ≥ 40. 
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Chapter 5  

Discussion 

Interspecies transmission of IAVs poses a potential threat to global human 

health since the outbreak of swine-origin pH1N1 2009 virus emerged in human 

(Garten et al., 2009).  At present, seasonal human-H3N2 and human-pH1N1 viruses 

continue to circulate in human population worldwide (Schrauwen et al., 2011; 

Komadina et al., 2014).  The close contact between humans and dogs increased the 

possibility of IAVs interspecies transmission.  In addition, many subtypes of IAVs, 

including avian-origin canine-H3N2, have already been documented to cross the 

species barrier from avian to dogs (Song et al., 2008).  However, serological status of 

IAV infection in dogs especially in Thailand is limited. 

Canine-H3N2 and human-pH1N1 infected dogs were reported in many 

countries in Asia, including China and Korea (Song et al., 2008; Li et al., 2010; Lin et 

al., 2012; Su et al., 2013; Sun et al., 2013).  Recently, canine-H3N2 was first isolated in 

a dog in Thailand (Bunpapong et al., 2014).  The phylogenetic analysis showed that 

Thai canine-H3N2 has high genetic similarity with those of avian influenza virus (H3N2) 

from Eastern China (Bunpapong et al., 2014).  In addition, the sporadic transmission 

and subclinical infection of human-H3N2 has been reported in dogs, suggesting that 
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dogs can infect with human influenza virus (Nikitin et al., 1972; Kilbourne and Kehoe, 

1975; Chang et al., 1976; Houser and Heuschele, 1980).  The emergence of avian and 

human influenza virus infection in dogs has raised a public health concern that dogs 

can become intermediate host between avian and human viruses, resulting in the 

emerging of a novel influenza virus through reassortment. 

Here, our study reported the serological survey of IAV infection in pet dogs in 

Thailand.  NP-ELISA result showed that 164 (1.66 %) out of 9,891 sera samples had 

antibodies to IAVs, which was lower than those reported in Italy, Korea and China.  In 

Italy, the NP-ELISA result showed that 29 (3%) of the 964 dog sera samples collected 

in 2009 posed antibodies to IAVs (Dundon et al., 2010).  In Korea, the serological 

evidence of IAV infection in farmed dogs (19%) had been reported in 2009 by NP-

ELISA (Lee et al., 2009).  Similarly, the percentage of seropositive sera samples to 

IAVs detected by NP-ELISA test in Korean dogs in 2010 was 34.8% (24/69) (Song et al., 

2011).  In china, the seroprevalence of IAVs infection in pet dogs in 2011 was 6.71% 

(31/462) determined by NP-ELISA (Zhao et al., 2011).  In 2013, 48 (5.3%) of the 900 

sera samples and 66 (12.2%) of the 540 sera sample from pet dogs and farmed dogs 

in China, respectively, had IAV antibodies by NP-ELISA (Su et al., 2013).  Overall, our 

results indicated that IAV infection was found in dogs in Bangkok and vicinities.  

However, the rate of IAV exposure in dogs was relatively low (1.66%) comparing to 

other countries.  It seems possible that these results are due to the sample 



 

 

45 

collection period and the target population.  In this study, we collected the sample 

from both healthy and sick dogs throughout the year from animal hospitals where 

did not experience in influenza outbreak, while other studies obtained the sample 

from dogs showing clinical signs of respiratory infection or collecting after laboratory-

confirmed cases of influenza outbreaks in those countries (Lee et al., 2009; Dundon 

et al., 2010; Zhao et al., 2011).  

Several studies have suggested that human influenza frequently occurs in 

winter, comparing with other seasons (Potter, 2001).  The morbidity and mortality 

rates of IAV infected patients have increased in winter due to the cold weather and 

high humidity (Crombie et al., 1995; Donaldson and Keatinge, 2002; Reichert et al., 

2004).  In this study, we found the highest IAV seropositive samples in December 

(2.9%), followed by January (2.73%). These results corresponded with of the results 

from other studies (Shih et al., 2005), suggesting that the number of canine influenza 

has risen in the winter season and corresponded with human influenza. 

As mentioned in the literature review, there is no standard protocol for 

detecting anti-HA specific antibodies in dog sera.  Therefore, standardization of HI test 

was performed before starting HI test with the field samples.  The current study 

found that the standard protocol for sera treatment of HI test in dog sera was RDE 

and 50% Turkey RBCs.  Comparing RDE with kaolin showed that RDE treatment 

yielded the most consistent GMT HI positive titer (254.57), while those using kaolin 
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treatment produced the variation in GMT HI positive titer (100.56-320.00).  In 

accordance with the present results, previous studies have demonstrated that kaolin 

treatment can cause false positive results when tested for antibodies against Equine 

influenza virus (EIV) H7N7, comparing with RDE.  However, false positive results were 

not found when tested against EIV-H3N8.  These findings suggested that RDE 

treatment showed the high efficiency in removal of nonspecific inhibitors from 

equine sera, comparing with kaolin (Boliar et al., 2006).  In addition, another study in 

canine sera suggested that RDE treatment could be helpful to maintain high 

specificity in HI test against Canine influenza virus (CIV) H3N8 (Anderson et al., 2012b).  

Moreover, the present study determined the efficacy in elimination of non-specific 

haemagglutinin in dog sera, by comparing 2 different types and concentrations of 

RBCs.  The results of this study indicated that using 50% and 100% concentrations in 

both chicken and turkey RBCs were able to eliminate non-specific haemagglutinin in 

dog sera completely.  However, 50% and 100% of turkey RBCs showed unambiguous 

inhibition pattern and easily to interpret result.  This finding is in agreement with 

Anderson's (2012) findings which indicated using turkey and chicken RBCs provided a 

highly sensitive and specific assay for serological diagnosis of canine-H3N8 infection in 

dogs.  However, turkey RBCs has also shown the highest GMT HI titer against canine-

H3N8, comparing with chicken and canine RBCs (Anderson et al., 2012b).  Because of 

the clear inhibition pattern, the short settling time and the high HI titer, turkey RBCs 

are frequently chosen for elimination of non-specific haemagglutinin and HI test in 
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dog sera (Kruth et al., 2008).  Therefore, RDE and 50% Turkey RBCs were chosen to 

be a standard protocol for sera treatment and HI test in dog sera. 

The result from HI test indicated that dogs in Bangkok and vicinities showed 

antibodies against canine-H3N2, human-pH1N1 and human-H3N2 viruses suggesting 

previous exposure to these viruses.  The seropositivity rate for human-pH1N1 in Thai 

dogs (23.17%) was greater than those Italian dogs in 2009 (0.7%) (Dundon et al., 

2010).  In addition, this study showed that the seropositivity rate for canine-H3N2 

(12.20%) and human-pH1N1 (23.17%) in Thai dogs was higher than those for canine-

H3N2 (3.5%) and human-pH1N1 (1.5%) in Chinese pet dogs in 2012, respectively.  

Although, the seropositivity rate for human-H3N2 in Thai dogs (1.2%) was similar to 

those of Chinese pet dogs in 2012 (1.2%) (Sun et al., 2014).  However, these data 

must be interpreted with caution because the results from current study are based 

on NP-ELISA and HI test, while those from the previous studies were tested based on 

HI test and MN test (Sun et al., 2014). 

From our results, we observed that Thai dogs posed the highest seropositivity 

rate for human-pH1N1, comparing with canine-H3N2 and human-H3N2, whereas the 

previous study in 2012 showed the canine-H3N2 positive sera samples was the 

greatest proportion among Chinese pet dogs, comparing with human-pH1N1 and 

human-H3N2 (Sun et al., 2014).  Since 2006, canine-H3N2 virus was frequently 

isolated from dogs in China and the serological survey of IAV infection in China 
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indicated this canine-H3N2 was the predominant subtype of IAVs circulating in 

Chinese dog populations (Li et al., 2010; Su et al., 2013; Sun et al., 2013; Sun et al., 

2014).  In contrast, canine-H3N2 was first introduced to a dog in Thailand in 2012 and 

now there is just only 1 confirmed canine-H3N2 infected dog in Thailand (Bunpapong 

et al., 2014).  Due to canine-H3N2 case is less common, the information related to 

immunity against canine-H3N2 in Thai dog populations is very limited.  In accordance 

with the present results, previous studies in human during June 2009 and July 2012 

have demonstrated that the predominant IAV subtype in human in Bangkok, Thailand 

was influenza A (pH1N1) virus, followed by influenza A (H3N2) and influenza B viruses 

(Prachayangprecha et al., 2013).  Human-pH1N1 virus has been circulating in human 

populations and now this virus is becoming an endemic seasonal human influenza 

virus, which usually found to co-infect with human-H3N2 virus (Poovorawan et al., 

2013).  The close contact between human and dog has increasing the risk of specie-

to-specie transmission.  Consequently, it can be possible that human can transmit 

pH1N1 to dogs, as indicated by the highest seropositivity rate to pH1N1 among Thai 

dog populations.  However, to date, no human-pH1N1 virus has been isolated from 

dogs in Thailand.  In this study, we provided the serological evidence of human-H3N2 

infection in dogs.  Only 1.2% was positive to human-H3N2 virus by HI test, indicating 

in limited evidence of prior exposure to human-H3N2 in Thai dog populations.  

Similarly, the result from serological survey in dogs in China showed the lowest 

percentage of human-H3N2 seropositive dogs among Chinese dog populations, 
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comparing with other subtypes of IAVs (Sun et al., 2014).  Our results indicated that 

human-H3N2 virus circulated among dog populations.  However, the percentage of 

seropositive dogs to human-H3N2 virus was relatively low. 

Co-infection with different IAVs in the same host may increase the risk for IAVs 

reassortment, resulting in exchange of gene segments and becoming a novel 

reassortant influenza virus (Peacey et al., 2010).  Recently, H3N1 influenza virus, a 

reassortant between an avian-origin canine-H3N2 and the pH1N1 viruses, was isolated 

from dogs in Korea (Song et al., 2012).  Based on the HI results, we found that 2 dogs 

posed antibodies against canine-H3N2 and human-pH1N1 and 2 dogs posed 

antibodies against human-H3N2 and human-pH1N1.  It is interesting to note that co-

infection of IAVs could have been observed in Thai dogs.  However, cross-reaction 

between 2 IAV subtypes could not be rule out even it rarely happened.  Therefore, 

the event of genetic reassortment between different IAV subtypes occurring in dogs 

should not be ignored.  The transmission of IAVs between dogs and humans should 

be closely monitored and minimized. 

In summary, this study provided the occurrence of IAV infection and the 

serological profile of influenza A H1 and H3 virus infection in pet dogs in Bangkok and 

vicinities.  These findings provided significant information for public health awareness 

and raised the need for continuous monitoring for IAV infection in domestic animals.  
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In addition, these findings have important implications for developing standard 

protocol for HI test in dog sera.



 

 

 

Chapter 6  

Conclusions 

In this study, the occurrence of IAV infection and the serological profile of the 

influenza A H1 & H3 virus infections in pet dogs in Bangkok and vicinities between 

December 2012 and November 2013 were elucidated. 

- Serological survey confirmed IAV exposure in dogs in Bangkok and vicinities.  

The rate of IAV exposure in dogs was relatively low (1.66%). 

- HI antibodies against canine-H3N2, human-pH1N1 and human-H3N2 viruses 

from dogs demonstrated previous exposure of canine-H3N2, human-pH1N1 

and human-H3N2 viruses in dog population in Bangkok and vicinities.  A high 

percentage of dogs exposed with human-pH1N1 virus, suggesting that dogs 

can act as a potential host for the transmission of human-pH1N1 among 

human and canine species. 

- This study showed noteworthy that dogs exposed with different subtypes of 

IAVs, pointing out the potential emergence of new IAV viruses in Thai dogs.  

These raise a public health concern due to human and dog interface.  

Therefore, it is important to keep in place the routine surveillance and 

monitoring program on IAV infection in pet dogs and domestic mammals.  Further 
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studies should focus on serological and virological surveys on a larger scale in 

companion animals, including in dogs and cats, as well as in human.  The information 

will provide better understanding of dynamic of IAV infection in animals and human 

in Thailand. 

 

Suggestion for CIV prevention and control 

Because the influenza is a contagious disease and commonly affects population 

widespread, prevention and control has become an important ways to reduce the 

transmission of influenza.  The principles of prevention and control in canine 

influenza are the same as those in other respiratory diseases, including the following 

precautions: 

- Keep pet dog away from overcrowded condition 

- Avoid pet dog to contact with infected dog or any items that may have been 

exposed to an infected dog 

- Wash hands before and after handling dogs  

- Clean and sanitize contaminated surfaces with disinfectants such as alcohol, 

quaternary ammonium compounds or bleach 

- Monitor your dog’s health for respiratory signs and check-up health status 

annually  
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Moreover, the most effective way to prevent and control influenza is vaccination.  

The first canine influenza H3N8 vaccine was licensed by the United States 

Department of Agriculture (USDA) in June 2009.  The aim of vaccination is to control 

canine influenza infection with significantly reduces the severity and duration of 

clinical signs.  It results in reduce clinical signs in infected dog.  However, the vaccine 

may not prevent the infection.  The canine influenza vaccine is recommended for 

dogs living in areas with high canine influenza incidences or high risk areas to infect 

this virus.    

To date, there is no evidence of human infected with canine influenza virus.  

However, the occurrence of human infection with the new strain of influenza viruses 

should be concerned.  Avoiding the close contact with infected dogs with respiratory 

signs may reduce a chance in interspecies transmission of influenza viruses and also 

prevent the occurrence of genetic reassortment between different IAV subtypes.  

Consequently, human and other animal influenza viruses should be closely 

monitored and minimized. 
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APPENDIX 

 

Reagents and preparations 

1. Phosphate Buffer Saline (PBS) 

Sodium chloride (NaCl)    8.5 g 

Disodium hydrogen phosphate (Na2HPO4)  1.15 g 

Monosodium dihydrogen phosphate (NaH2PO4) 0.2 g 

Distilled water    1000 ml 

2. Alsever’s solution 

 Dextrose    10.25 g 

 Sodium citrate    4 g 

 Sodium chloride     2.1 g 

 Citric acid    0.275 g 

 Distilled water    500 ml 

 Sterilize immediately by autoclave 
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Reagents and preparations for NP-ELISA test 

 Kit Components for NP-ELISA test  

1. Microplates coated with Ag A 

2. Concentrated Conjugate (10X) 

3. Positive control 

4. Negative control 

5. Dilution Buffer 3 

6. Dilution Buffer 2 

7. Wash Concentrate (20X) 

8. Substrate solution 

9. Stop Solution (H2SO4 0.5 M) 

 

 Wash solution preparations 

 Prepare the wash solution (1X) by diluting the wash concentrate (20X) in 

distilled water. 

 

 Conjugate 1X preparations 

 Prepare the conjugate 1X by diluting the concentrated conjugate (10X) to 1/10 

in Dilution Buffer 3 
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NP-ELISA procedure  

 Using ID Screen® Influenza A Antibody Competition ELISA kit (ID VET, 

Montpellier, France), following the manufacturer’s instructions 

1. For sera preparation, dog sera sample was prepared by diluting 10 µl of 

each sera sample with 90 µl of Dilution buffer 2 before beginning the 

assay.   

2. After the process of sera preparation, each prepared sample was 

incubated in 96-well microplates coated with Antigen A (Ag A) at 37°C (± 

2°C) for 1 hour ± 5 min. 

3. Then empty the wells, wash each well for 5 times with 300 µl of the 

wash solution/wash. 

4. Add 50 µl of the conjugate 1X to each well and incubate at 21°C (± 5°C) 

for 30 min ± 2 min. 

5. Then empty the wells, wash each well for 3 times with 300 µl of the 

wash solution/wash. 

6. After that, add 50 µl of the substrate solution to each well, followed by 

incubation for 10 min ± 1 min at 21°C (± 5°C) in the dark room.   

7. Add 50 µl of the stop solution to each well and   before  

8. Read and record the O.D. at 450 nm.   

9. Both positive and negative controls were included.   
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Interpretation of the NP-ELISA results 

The ELISA results were interpreted by the competition percentage (competition %).  

The competition percentage for each sample was calculated from the formula: 

Competition % = (OD specimen / OD negative control) × 100 

Sera samples with the competition percentage less than or equal to 45% were 

considered positive, those of between 45% and 50% were considered doubtful and 

those of greater than or equal to 50% were considered negative.  
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Reagents for standardization of sera treatment and HI test 

1. RDE 

  Completely dissolve the product in 20 ml of sterile physiological 

saline.  This solution should be used immediately.   

 

2. 20% Kaolin 

  Completely dissolve 20 g of kaolin powder in 80 ml of water and 

adjust pH to 3.5 - 5.0.  

   

 

 

 

 

 

 

 

 

 

 

 

 



 

 

68 

 

Preparations for standardization of sera treatment and HI test 

 Preparation of standardized control antigens for the HI test and back titration.  

Each control antigen must be standardized to contain 8 HAU per 50 ml. 

 Preparation of packed turkey RBCs for the sera treatment and HI test.   

1. Collect 5 ml of turkey blood in 5 ml of Alsever's solution (a ratio of 1 part 

blood to 1 part Alsever's solution) and mix gently.  

2. Centrifuge at 1500 rpm for 10 minutes at 25°C. 

3. Discard the supernatant using a 1,000 microliter pipette.  Be careful to not 

disturb the pellet of RBCs.  After that, add 10 ml of 1X PBS and mix gently 

by inversion.  Then Centrifuge at 1500 rpm for 10 minutes at 25°C. 

4. Repeat two times as in step 3. 

5. Discard the remained supernatant using a 1,000 microliter pipette.  

Aspirate the remaining supernatant with a 1,000 microliter pipette for final 

packed turkey RBCs.  Keep packed turkey RBCs in 4°C. 
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Sera treatment procedure 

1. Under sterile conditions, add specimen sera to the RDE solution in the ratio 

of 1:3, and mix thoroughly. 

2. Incubate the mixture at 37°C for 20 hours for the reaction to occur. 

3. Then heat at 56°C for 1 hour to inactivate the RDE. 

4. After that, absorbed RDE-treated sera with 100 µl of 50% Turkey red blood 

cells (TRBCs) and incubated at room temperature for 1 hour.   

5. Use the treated sera in the HI test for influenza virus. 
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HI test procedure 

1. After the process of sera treatment, each sera sample was serially two-fold 

diluted with phosphate-buffered saline (PBS) in 96-well micro-titer plates  

2. Add 50 microliter of each virus (8 HAU per 50 microliter) to all wells of plates 

containing the sets of treated sera. 

3. Both positive (CIV seropositive canine sera) and negative (CIV seronegative 

canine sera) sera controls were included. 

4. Mix the contents of the plates and incubate at room temperature for 45 

minutes. 

5. Then add 0.5% of turkey RBCs suspension to all wells of plates and mix the 

contents of the plates. 

6. Cover the plates and allow the RBCs to settle at room temperature for 1 

hour.    

7. Record the HI titers and interpret the results. 

8. All sera were tested in duplicate. 

 

Interpretation of the HI results 

The HI titer was determined by the reciprocal of the last dilution that shows 

no agglutination and reported as geometric means.  Samples with a titer ≥ 40 were 

considered positive.   
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