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Abstract: Swine influenza is responsible for one of the most prevalent disease affecting the swine 
industry worldwide. Epidemiological surveys rarely focus on remote areas, because traditional farming 
systems characterized by locally consumed production and low pig densities are considered as having 
little influence on the emergence, re-emergence, persistence or spread of swine influenza viruses. In 
addition, routine disease investigations in remote areas are often neglected due to logistic and 
economical constraints. A bank of swine sera collected in 2005 in the ethnic minorities households of 
Ha Giang province (Northern Vietnam) located on the Chinese border was analyzed to estimate the 
seroprevalence of swine influenza (SI) and to identify potential risk factors for infection. The results 
suggest that this specific agro-ecological system is free from SI and is not favorable to SI spread neither 
through pig-to-pig transmission nor through poultry-to-pig transmission. 
 
 
 
 



 

 

1. Introduction 

Swine populations are the natural reservoir of H1N1, H3N2 and H1N2 influenza subtypes 

(Brown, 2000). These 3 subtypes are reported in China (Liu et al., 2011; Vijaykrishna et al., 

2011) and in Thailand (Chutinimitkul et al., 2008; Takemae et al., 2008). The avian-origin 

H9N2 and H5N1 highly pathogenic avian influenza (HPAI) have been occasionally isolated 

in swine, in China (Cong et al., 2008; Yu et al., 2008), and during outbreaks in Indonesia 

(Nidom et al., 2010). Since pigs are receptive to both avian and human influenza viruses, they 

play a crucial role as a mixing vessel in which strains may combine, which raises the risk of 

emergence of a pandemic influenza virus strain (Brown, 2000; Castrucci et al., 1993; Webster 

et al., 1977). 

Routine disease investigations in remote areas are often neglected due to logistic and 

economical constraints. A French-Vietnamese research project, called Biodiva 

(www.biodiva.org.vn), which aimed to assess and promote genetic diversity in domestic and 

wild animals, collected a sero-bank in the remote area of Northern Vietnam, along the 

Chinese-Vietnamese border. In the framework of a global project on animal influenza viruses 

in Vietnam, serological analyses were conducted in this low animal density area on both 

backyard poultry and pigs, during H5N1 outbreaks in 2005-2006. The seroprevalence of 

H5N1 was estimated at 7.2% [CI 1.4; 10.5] in chickens (Trevennec et al., 2011a). The aim of 

the present study is to focus on the swine compartment, in order to estimate the 

seroprevalence of swine influenza (SI) and to estimate the risk of pig infection with the avian-

origin H5N1. 

2. Material and Methods 

2.1. Study design 

The serological study was performed on sera of pigs bred in Northern Vietnam, which had 

been collected from April 2005 to August 2006. The study area was the Ha Giang province 

(22º08 -23º19’N; 104º33’-105º33’E), sharing a 274 km border with China (Yunnan province). 

Ha Giang’s topography is characterized by sharp altitudinal variation. According to the 

government statistics office, the size of the swine population in the Ha Giang province in 

2005 was around 330 000, corresponding to a pig density of 42 head/ km² (General Statistics 

Office Of Vietnam, 2005), which represents a low density in comparison to those found in the 

high-producing areas of the Red River Delta or of the Mekong Delta (Figure 1). The sampling 

design is detailed in the previous article on avian influenza (Trevennec et al., 2011a). Sampled 

villages are mapped on Figure 2. The pig sera were tested against influenza type A with an 

enzyme-like immunosorbant assay (ELISA) competition test IDVET©. This commercial kit is 

designed to specifically detect antibodies directed against the NP protein antigen that is highly 

conserved among all subtypes of influenza type A viruses. 

2.2. Freedom of disease analysis for swine 

In order to account for the uncertainty in test performance and expected prevalence, a 

Bayesian statistical approach was adopted to demonstrate freedom of disease on swine, using 

Bayesfreecalc1© available at the UC Davis website 

(http://www.epi.ucdavis.edu/diagnostictests/). This software program assesses the probability 

that the prevalence in the sampled population exceeds a given cut-off value given the number 

of positive reactors, the total number of tested animals and prior knowledge on the 

performances of the test used and on the expected serological prevalence if the focal 

population were infected (Johnson et al., 2004). The uncertainty on input parameters is 
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expressed in the form of prior distributions. Prior distributions are built for the sensitivity 

(SE) and the specificity (SP) from a minimum possible value and a most likely value. For the 

expected prevalence (Pr) under the hypothesis that the study population is infected, the prior 

distribution is built from a maximal possible value and a most likely value. Based on personal 

communications provided by the test producer, SE and SP most likely values were estimated 

at 90% and 98%, respectively (Pourquier, 2010). Minimum possible values of SE and SP 

were chosen as to be weakly informative, thus 50%. The ELISA-A kit evaluation for pig sera 

is presently in progress and will be published subsequently after completion. Since 

preliminary results indicate a low SE (unpublished data), we also tested a second option based 

on a most likely value for SE at 70%. Regarding Pr, we set the most likely value at 5%, which 

ranges within the estimated prevalence of SI in low pig raising density in China (Liu et al., 

2011) or in Northern Vietnam (Trevennec et al., 2011b). The calculator was used for binomial 

sampling, since the population size, estimated at 330 000 pigs within the province (General 

Statistics Office Of Vietnam, 2005), was large relative to the sample size (Johnson et al., 

2004). The posterior distributions of the model parameters are obtained through the Markov 

Chain Monte-Carlo method with 5000 burin-in iterations followed by 20 000 iterations.  

A population is considered “disease-free” when the proportion of true positive animals is less 

than a selected threshold value. Various classical scenarii (Table 1), corresponding to sporadic 

cases or endemic situation with a low seroprevalence were chosen. Thus, we focused on the 

posterior probability that the serological prevalence in the sampled population does not 

exceed cut-off values of 1%, 2%, 5% and 10%, given the number of positive tests in the 

sample (Johnson et al., 2004).  

3. Results 

A total of 519 pig sera collected in 158 villages were analyzed (Figure 2). On average 3.3 pigs 

from distinct farms (1 pig per farm) were sampled in each village, with a minimum of 1 and a 

maximum of 7 per village. Only 2 pigs had a positive ELISA test. The posterior estimation of 

seroprevalence was 0.43% [95% CI 0.02; 1.9] for scenarii S1 to S4 and 0.46% [95% CI 0.03; 

1.9] for scenarii S5 to S8 (Table 1). The probability of the swine population being free from 

SI antibodies varied from 61%, for a prior SE of 70% and a cut-off value of 1%, to 100% for 

cut-off values equal to or higher than 5%.  

4. Discussion 

Our findings indicate that the serological prevalence in the Ha Giang province in 2005-2006 

was for sure less than 5% and probably less than 1%. When the seroprevalence is under a 

defined threshold, the disease is considered under control. The detection of sporadic cases will 

be attributed to isolated and probably independent events (i.e animal introduction from usual 

area) without spread. The use of various cut-off values allows testing different scenarii and 

may be an interesting tool for health deciders. However, this result has to be interpreted 

cautiously. Firstly, information on the performances of the ELISA test on swine is lacking. 

Further studies are needed to evaluate this test on swine. Secondly, this result contrasts with 

the estimated seroprevalence of SI published in the literature and the analysis of meta-data on 

swine influenza infection in Chinese swine populations, where seroprevalence of swine 

influenza A is estimated at 13.6% in low pig raising area (Liu et al., 2011) and 19.93% in the 

whole Southwest China, including the Yunnan province (Liu et al., 2011) that shares a border 

with our study area. The farming system of the study area also presents characteristics that are 

frequently described as risk factors of SI: farrow-to-finish breeding with mixing animals of 

different ages, and uncontrolled contacts with other-species (Olsen et al., 2006). 

Nevertheless, the probable absence of SI antibodies in the Ha Giang pig population may be 

explained by its agro-ecological system characterized by the absence of  well-described risk 



 

 

factors such as high pig and farm densities, high animal turnover or external source of 

breeding (Olsen et al., 2006). In the Ha Giang province, the pig density is one of the lowest in 

Vietnam, with only 42.7 pig/km
2 

(the national pig density in 2005 is 82.7 pig/km²) (General 

Statistics Office Of Vietnam, 2005),farms are small, with on average 4 to 5 pigs and villages 

are scattered. As a consequence, exposure from neighbouring farms and neighbouring villages 

is probably weak and local spread through aerosols is unlikely to occur. Furthermore, pig 

production is mainly devoted to family consumption so that local pig trade is poorly 

developed. The average number of purchased pigs is less than 2 pigs/farmer/year and most of 

them are provided by family members, farmers of the same village or farmers from the same 

commune. Thus, we suggest that the lack of pig trade may protect pig farms from the 

introduction and spread of SI.  

H5N1 outbreaks and a seroprevalence of 7.2% [CI 1.4; 10.5] were reported within poultry in 

the Ha Giang region. It can be concluded that even when exposed to H5N1 virus through 

possible direct closed contact with infected backyard chickens, pigs are not likely to be 

infected by this avian influenza virus. These conclusions are consistent with results observed 

in a similar smallholders agro-ecosystem of Indonesia (Santhia et al., 2009). The same 

conclusion has also been reached in more intensive farming systems in Vietnam and Thailand 

where no evidence of avian-to-pig transmission of H5N1 have been observed during 

outbreaks in the poultry populations (Parchariyanon, 2006; Trevennec et al., 2011b). 

5. Conclusion 

The present study in remote areas of Northern Vietnam suggests that this specific agro-

ecological system is not favorable to SI spread neither through pig-to-pig transmission nor 

through poultry-to-pig transmission. Low animal densities and the lack of pig trade may 

explain this low seroprevalence. However, pig production in Vietnam is developing quickly: 

facing an increase of pig trade and a potential intensification of the pig production, the 

epidemiological situation may evolve rapidly.  

A global description of animal influenza situation and determinants in various farming 

systems will help to better understand epidemiological mechanisms in domestic animals. The 

present study is integrated within the framework of global study of animal influenza in 

Vietnam, including specific surveys in the high-producing provinces of the Red River Delta.  
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Figure legends: 

 
Figure 1: Pig density by province in Vietnam (General Statistics Office Of Vietnam, 2005) 

 

 



 

 

 
Figure 2: Sampled villages (n=158) and visited communes in Han Giang province, Northern 

Vietnam. 



 

 

 

Table 1 

Scenario Prior information Cut-off Output 

P freedom SE SP Pr 

 Min Mode Min Mode Max Mode   

High 

SE 

S1 50% 90% 50% 98% 20% 5% 1% 64% 

S2       2% 93% 

S3       5% 100% 

S4       10% 100% 

Low 

SE 

S5 
50% 70% 50% 98% 20% 5% 1% 61% 

S6 

      

2% 93% 

S7 

      

5% 100% 

S8 

      

10% 100% 
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