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ABSTRACT 

While swine production is rapidly growing in South-East Asia, the structure of the swine industry and the 

dynamic of pig movements have not been well-studied. However, this knowledge is a prerequisite for 

understanding the dynamic of disease transmission in swine populations and designing cost-effective surveillance 

strategies for infectious diseases. In this study, we assessed the farming and trading practices in the Vietnamese 

swine familial farming sector, which accounts for most pigs in Vietnam, and for which disease surveillance is a major 

challenge. Farmers from two communes of a Red River Delta Province (northern Vietnam) were interviewed, along 

with traders involved in pig transactions. Major differences in the trade structure were observed between the two 

communes. One commune had mainly transversal trades that is between farms of equivalent sizes, whereas the 

other had pyramidal trades that is from larger to smaller farms. Companies and large familial farrow-to-finish 

farms were likely to act as major sources of disease spread through pig sales, demonstrating their importance for 

disease control. Familial fattening farms with high pig purchases were at greater risk of disease introduction and 

should be targeted for disease detection as part of a risk-based surveillance. In contrast, many other familial farms 

were isolated or weakly connected to the swine trade network limiting their relevance for surveillance activities. 

However, some of these farms used boar hiring for breeding, increasing the risk of disease spread. Most familial 

farms were slaughtering pigs at the farm or in small local slaughterhouses, making the surveillance at the 

slaughterhouse inefficient. In terms of spatial distribution of the trades, the results suggested that northern 

provinces were highly connected and showed some connection w i t h  central and southern provinces. These results 

are useful to develop risk-based surveillance protocols for disease detection in the swine familial sector and to make 

recommendations for disease control. 

Keywords: Network analysis, swine movements, Infectious disease, disease surveillance, South-East Asia, 

Vietnam. 

Phân tích các dòng chu chuyển của lợn tại một tỉnh ở miền Bắc Việt Nam  
và áp dụng trong xây dựng các chiến lược giám sát bệnh truyền nhiễm 

TÓM TẮT 

1
Trong khi sản lượng lơn đang tăng trưởng nhanh chóng ở khu vực Đông Nam Á, thì cơ cấu ngành chăn nuôi 

lợn và động thái của các dòng chu chuyển lợn chưa được được nghiên cứu nhiều. Song, sự hiểu biết về vấn đề này 

là một điều kiện tiên quyết cho việc lý giải động thái lây truyền bệnh trong các quần thể lợn và thiết kế các chiến lược 

giám sát chi phí-hiệu quả đối với các bệnh truyền nhiễm. Trong nghiên cứu này, chúng tôi đánh giá việc chăn nuôi và 

                                                      
2 The article was published in Transboudary and Emerging Diseases. Doi: 10-1111/tbed.12380. 
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buôn bán lợn trong khu vực nông hộ ở Việt nam, nơi đóng vai trò quan trọng trong sản xuất và thương mại lợn ở Việt 

Nam, và việc giám sát dịch bệnh là một thách thức lớn. Các hộ gia đình được lựa chọn phỏng vấn từ hai xã của một 

tỉnh đồng bằng sông Hồng (phía Bắc Việt Nam), cùng với các thương lái tham gia vào quá trình mua bán lợn. Có sự 

khác biệt lớn trong cơ cấu dao dich đã quan sát được ở hai xã. Một xã thì việc buôn bán lợn chủ yếu diễn ra theo 

chiều ngang đó là sự mua bán giữa các nông hộ có quy mô tương đương nhau, trong khi đó ở xã kia thì giao dịch 

buôn bán lại theo hình tháp đó là từ trang trại lớn tới các trang trại nhỏ. Các công ty và trang trại chăn nuôi lớn sản 

xuất lợn con để bán có thể là nguồn lây nhiễm bệnh chính và cần phải được kiểm soát dịch bệnh. Các hộ nuôi lợn 

thịt có mức mua bán lợn cao cũng có mức nguy cơ lây nhiễm cao và cần được kiểm soát. Trái lại, nhiều hộ chăn 

nuôi khác khá độc lập hoặc ít mua bán trao đổi có thể không đòi hỏi sự giám sát cao. Tuy nhiên, một số các hộ này 

nuôi lợn đực giống để kinh doanh sẽ có nguy cơ lây lan bệnh cao hơn. Hầu hết các nông hộ đã và đang giết mổ lợn 

tại gia đinh hoặc trong các lò giết mổ nhỏ tại địa phương dẫn đến việc chỉ giám sát tại các lò mổ không hiệu quả. 

Liên quan đến phân bố không gian thương mại, các kết quả cho thấy rằng các tỉnh phía Bắc có giao dịch nhiều với 

một số tỉnh miền Trung và miền Nam. Những kết quả này là rất hữu ích cho việc xây dựng các chương trình giám sát 

phát hiện bệnh dịch trong khu vực chăn nuôi lợn nông hộ gia và đưa ra các khuyến nghị để kiểm soát dịch bệnh. 

Từ khóa: Phân tích mạng lưới, chu chuyển lợn, bệnh truyền nhiễm, giám sát dịch bệnh, Đông Nam Á, Việt Nam.  

 

1. INTRODUCTION 

South-East Asia is considered as a hotspot for 

the emergence of zoonotic infectious diseases 

mostly due to anthro- pogenic factors (Jones et al., 

2008; Coker et al., 2011). Swine is a host, mixing 

vessel or reservoir for many viral (e.g. influenza, 

Japanese encephalitis, Nipah virus, hepatitis E) 

and bacterial (e.g. Streptococcus suis) zoonoses 

which are major public health concerns in South-

East Asia (Smith et al., 2011; Jones et al., 2013). 

The 2009 H1N1 influenza pandemic confirmed 

the importance of swine in the generation process 

of new influenza reassortants from avian, human 

and swine influenza viruses (SIVs). It also 

stressed the need for having an effective 

systematic surveillance of influenza viruses 

circulating in pigs at the global level 

(Vijaykrishna et al., 2011). The pig and poultry 

populations have at least doubled since 1990 in 

many South-East Asian countries, including 

Vietnam (Coker et al., 2011). Vietnam is the 

world’s 13th most populous country with 88.8 

million inhabitants (GSO, 2012), 4th largest pig 

producer with 26.2 million heads and 10th largest 

poultry producer with 315.0 million heads (FAO, 

2014). However, no sustainable surveillance 

programme focusing on zoonotic diseases in swine 

such as SIVs has been implemented so far; only 

shortterm research projects were carried out. 

Also, only a limited passive surveillance system is 

established for very contagious swine diseases 

such as porcine reproductive and respiratory 

syndrome (PRRS). 

The knowledge of the structure and the 

dynamic of the pig value chain is a prerequisite 

for understanding infectious disease 

transmission dynamics and for the development 

of cost-effective surveillance systems. In 

Vietnam, the structure of the swine industry 

and its implication for disease surveillance have 

not been extensively studied. There are three 

main different types of farms: familial farms 

(Hộ chăn nuôi), companies (Doanh nghiệp) and 

state-owned farms (Trại nhà nước). Familial 

farms are held by households and often 

characterized as small (Nông hộ), medium (Gia 

trại) or large farms (Trang trại); the actual size 

of each farm category may differ across the 

locations. Company farms are very large farms 

with a different legal status and ownership. 

They are owned by foreign or Vietnamese 

companies and usually under the management 

of several people; some companies own many 

farms. They also practice contract farming (Gia 

công) by providing financial and technical 

support to farmers. These farms are usually 

larger than the average familial farms. The 

company farms are mainly located around 

Hanoi and Ho Chi Minh City. Finally, state-

owned farms are large farms which often keep 

exotic breed great grandparents and 

grandparents. The familial small and medium 

holders (described as 1-100 fattening pigs or 5-

20 sows) consisted of 84% of national pig herds 

in 2006, with a decline in the number of 

smallholdings and an increase in the number of 

medium sized holdings since 1999 (Fisher and 
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Gordon, 2008). Indeed, the government 

promotes intensification of pig production, and 

as the smallholdings are often less robust to 

disease outbreaks, many small farmers stopped 

raising pigs, while other familial holdings 

converted to large-scale pig production. In most 

familial farms and in some companies, the 

biosecurity level is low, promoting inter-species 

transmission of diseases, such as influenza, and 

within and between-herd transmission of swine 

diseases of economic importance, such as PRRS, 

classical swine fever and foot and mouth disease 

(Kamakawa et al., 2006). 

Commercial movements of live animals are 

known to be a major pathway for disease 

transmission between domestic animal 

populations (Fevre et al., 2006). Therefore, a 

description of the pig value chain and the 

analysis of the network of commercial 

movements of pigs between farms would 

provide insights in the potential transmission 

dynamics of influenza and other swine 

diseases between farms. Analysis of this 

network would provide essential elements for 

the development of targeted surveillance 

strategies. Indeed, network analysis has been 

applied in preventive veterinary medicine 

since the early 2000s and used to assess the 

influence of the distribution of contacts 

between animal populations from different 

stages of the value chain - such as farms, 

markets or slaughterhouses - on the disease 

transmission dynamics (Martinez-Lopez et al., 

2009b). The position of these premises in the 

network are assessed, allowing the 

identification of the premises at higher risk of 

becoming infected or of transmitting infection 

(Dube et al., 2011). In Vietnam, there is no 

record of live pig movements and only a limited 

number of publications addressing this topic 

are available. Some studies described the pork 

value chain in Vietnam focusing on the 

distribution of meat (Lapar et al., 2003; ILRI, 

2014), and the cross-border movements of live 

pigs and other live-stock in South-East Asia 

(Cocks et al., 2009). To our knowledge, no study 

of the live pig trade network in Asian countries 

has been carried out, while a few studies have 

been carried out in European countries and 

Canada since 2007 using commercial or 

governmental databases (Bigras- Poulin et al., 

2007; Martinez-Lopez et al., 2009a; Noremark 

et al., 2011; Rautureau et al., 2012; Buttner et 

al., 2013; Dorjee et al., 2013; Smith et al., 2013; 

Thakur et al., 2014). In contrast, network 

analysis on poultry movements in Vietnam 

(Soares Magalhaes et al., 2010; Fournie et al., 

2013), China (Martin et al., 2011; Soares 

Magalhaes et al., 2012), Cambodia (Van 

Kerkhove et al., 2009) and developing countries 

in other parts of the world such as Madagascar 

(Rasamoelina-Andriamanivo et al., 2014) was 

carried out. These studies conducted in Asia 

have pointed out the role of live bird markets 

in the dissemination of hight pathogenic avian 

influenza and provided useful insights for the 

surveillance and control of the disease in 

poultry. 

The objective of this study was to describe 

farming and trading practices in the familial 

swine sector in the Red River Delta region 

(RRD) in northern Vietnam. Farmers in two 

communes in the RRD and traders involved in 

pig trades were interviewed. The geographical 

scale and the structure of the networks of 

contacts between farms resulting from pig trade 

were assessed. Hypotheses on the risk of 

disease transmission across the pig value chain 

were formulated for a comprehensive risk 

assessment that could be carried out in a 

separate future study. The identification of at 

risk trading behaviours of premises was useful 

in the design of risk-based surveillance 

protocols for the detection of infectious diseases 

such as swine influenza. 

2. MATERIAL AND METHODS 

2.1. Study area 

The study was implemented in northern 

Vietnam in the RRD, where the capital city 

Hanoi is located. The RRD alone includes about 

a quarter of the human, pig and poultry 

populations of the country in just 6.4% of its 

area (GSO, 2011a,b, 2012). Hung Yen Province 
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was selected based on the following criteria: 

high density of pigs, economic importance of the 

pig production in the area and diversity of 

familial farming systems and trading practices. 

Following the same criteria as above, the study 

area was then narrowed down to two 

communes, Dinh Du (Com1) and Me So (Com2), 

within two adjacent districts, Van Lam (Dist1) 

and Van Giang (Dist2) located in the north of 

the province. These communes had similar 

characteristics such as the surface area (4.5 and 

6.6 sq. km, respectively), human population 

(7100 and 9600 inhabitants) (GSO, 2014), 

number of villages (four and six) and number of 

familial farms (158 and 141) (May 2012 data). 

These two communes were especially chosen as 

they differed in the ratio of the large familial 

farms over small-medium familial farms: Com2 

had 3.5 times more large farms and 1.4 times 

less small-medium farms compared to Com1. 

Indeed, the dynamic of farming intensification 

was different in the two communes, and this 

may have an impact on trading networks. 

2.2. Selection of farmers and data 

collection 

Participatory interviews were carried out 

to collect preliminary data on the study areas 

and inform the design of the questionnaires. 

Different pig categories were mentioned. Pigs 

for slaughtering, later mentioned as slaughter 

pigs, included fattening pigs which were from 

5-6 months old and incidentally cull pigs which 

were retired sows and boars. Weaners were 

about 2-month-old pigs that were fattened, and 

breeders included sows and boars for 

reproduction. The familial farms were 

categorized into small farms including Nông 

hộ (<100 fattening pigs per cycle and < 10 

sows) and large farms including Gia trai and 

Trang trai (≥100 fattening pigs per cycle or ≥ 10 

sows). All the large farms were interviewed as 

their number was limited in each commune, 

whereas all the small farms from only one 

selected village in each commune were 

interviewed. Indeed, from the participatory 

interviews, it was estimated that the farming 

and trading practices in each commune were 

homogeneous across the villages and the 

village with the highest number of small farms 

in each commune was selected. 

Through questionnaire-based individual 

interviews, farmers were asked detailed 

information on the structure of the farm, their 

breeding practices and their purchases and 

sales of pigs from January 2011 to June 2012. 

Indeed, at least 1 year of trading period was 

chosen because of the duration of fattening pig 

production (around 6 months) and to account for 

the potential seasonal increase in pig 

production due to the Tết holiday, the 

Vietnamese New Year, occurring in January or 

February (during which consumption of meat 

increases). During the interviews, free recall 

and free choice approaches were used to identify 

all the persons they had traded with during the 

specified period of time; no a priori list of 

stakeholders was provided. Farmers with a 

larger number of trades were more likely to 

forget some of them, and also trades of smaller 

sizes may have been omitted more frequently. 

This recall bias may have led to an 

underestimation of the number of trades and 

pigs, especially for large farmers with many 

trades. The reports of trades between 

interviewed actors were checked for consistency 

later on. 

2.3. Selection of traders and data 

collection 

The interviewed farmers mentioned 

different pig buyers and sellers. Within a 

snowball sampling approach, a sample of the 

actors involved in the trade of weaners and 

fattening pigs (the most important trades in 

terms of volume) was chosen for additional 

interview. This included companies and traders 

such as traders owning or working in 

slaughterhouses, middlemen buying and selling 

pigs directly between farmers, and middlemen 

buying pigs from farmers and selling them in 

the live pig market in Com1. For each category, 

the most mentioned actors with sufficient 

contact information were selected in priority 
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across Hung Yen, Hanoi and the surrounding 

provinces. Traders were asked general and 

detailed information on their activity, 

including questions about the number of trades 

and pigs exchanged from January 2011 to June 

2012. Contrary to farmers, traders could not 

provide a detailed list of their trades as there 

were too many. Therefore, the total volume of 

trades and pigs traded over the study period 

were asked, and then, matrix scorings (Jost et 

al., 2010), a participatory method using 

proportions, were used to estimate the number 

of pigs traded and trades performed with each 

category of actor and location for both 

purchases and sales. All farmers’ and traders’ 

interviews were performed between June and 

September 2012. 

2.4. Data processing 

Data were entered in an access database 

and were cleaned and analysed using R 3.1.1 

(R Core Team, 2013). During farmers’ 

interviews, potential inconsistencies between 

the answers provided to questions related to 

overall and specific trading activities were 

clarified. When important inconsistencies were 

noticed when cleaning the data set, the paper 

form was checked, and if the error was not 

resolved, the interviewees were contacted again 

by phone for clarification. 

2.5. Data analysis 

2.5.1. Farm typology 

A farm typology taking into account both 

the size and the type of production was carried 

out, as these characteristics were considered to 

influence farmers’ trading practices. A principal 

component analysis followed by a hierarchical 

clustering was conducted. Five variables were 

included: number of sows and number of boars 

present at the time of the visit, average number 

of fattening pigs produced per year in the farm, 

and number of weaners purchased and sold 

from 2011 to June 2012. The farm classes 

resulting from the typology were then used in 

the rest of the analysis. 

2.5.2. Descriptive statistics 

First, we performed basic descriptive 

analyses of the farming and general trading 

practices. Then, a detailed description of the 

trades from farmers and traders was 

performed for the different pig production 

categories, that is slaughter pigs (fattenings 

and cull pigs), weaners and breeders. Fattening 

and cull pigs were not moved from farms to 

farms, but to slaughterhouses; these 

movements can be considered as dead ends for 

disease circulation. Greater focus was brought 

on the movements of pigs between farms, 

directly or through middlemen, which involved 

weaners and breeders. Cytoscape 3.2.0 (The 

Cytoscape Consortium, San Diego, CA, USA) 

was used to draw diagrams showing the 

movements of pigs between the different 

categories of actors (Smoot et al., 2011). Trades 

were qualified as transversal when performed 

between farms of equivalent sizes and as 

pyramidal when performed between farms of 

different size, for example from larger to 

smaller farms. For the graphs representing 

weaners and breeders trading from farmers in 

both communes, a bimoal approach was used, 

that is sales and purchases were treated and 

represented separately. Loops were eliminated 

by this process, and trades between 

interviewees were counted twice, once as sales 

and once as purchases to clarify the direction of 

trades, that is transversal or pyramidal. 

2.5.3. Analysis of egocentric networks 

Commonly within an animal movement 

network, nodes represent individual premises 

part of the value chain, and the links between 

two nodes represent animal movements. The 

links are called arcs in a directed network 

where one of the nodes is the sender or seller 

and the other is the receiver or buyer (Dube et 

al., 2011). Egocentric networks were built for 

each of the 137 farms based on weaner and 

breeder trades using the R package igraph 

(Csardi and Nepusz, 2006). This analysis was 

chosen over the construction of one network in 
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each commune involving all interviewed and 

mentioned actors because about 90% of the 

trades were performed with non-interviewed 

actors and the networks would have been 

incomplete. 

Each egocentric network was composed by 

nodes representing an interviewed farmer and 

his trading partners, mentioned as large or 

small farmers, companies, middlemen or 

market. The market was considered as one 

node with a unique location, although many 

middlemen would also be present in the 

market. Ideally, a node should be defined by a 

premise where pigs would stay at least a few 

hours like in slaughterhouses and markets, but 

some middlemen carried pigs directly from 

farms to farms. However, the farms of origin or 

destination were not known for middlemen 

trades, and therefore, it was not possible to 

replace these middlemen by arcs to farm nodes. 

The arcs represented the movements of 

weaners and/or breeders from nodes selling to 

nodes buying the pigs. For each interviewed 

farmer, two egocentric networks were built 

with arcs characterized by two different 

weights, being the number of trades and the 

number of pigs traded from January 2011 to 

June 2012. Thus, 274 egocentric networks 

were built. For each interviewed farmer, 

different values of degrees were calculated. The 

in- and out-degrees were the number of actors 

selling pigs to and purchasing pigs from this 

farmer, respectively. Similarly, the pig 

weighted in- and out-degrees were the total 

number of pigs a farmer purchased and sold, 

respectively. And finally, the trade- weighted 

in- and out-degrees were the total number of 

trades a farmer performed for purchase and 

sale. Clustering coefficients could not be 

calculated as most of the trades were 

performed with non-interviewed actors, and 

therefore in the majority of the egocentric 

networks, the links between the actors 

mentioned by the farmer were missing. Based 

on these six values of degrees, a network 

typology was carried out using the same 

methodology as for the farmtypology. The 

correlation coefficients between the different 

variables were calculated, and when they were 

above 0.8, one of the two variables involved was 

excluded. As a result, the networks were 

grouped into different classes according to 

their degree values. Finally, a descriptive 

analysis of the networks and that of these 

different classes were performed in relation to 

the farm classes and other practices related to 

pig movements such as boar hiring. 

2.5.4. Description of the geographical 

distribution of the trades 

First, the spatial distribution of the trades 

generated by farmers was compared at the 

province level between Com1 and Com2. Then, 

middleman trades were analysed to see 

whether they were likely to link different 

provinces through pig movements. Finally, the 

general movements of live pigs were described 

geographically for all pig categories based on 

farmers’ and traders’ interviews. A map of all 

these trades across Vietnam was drawn using 

ArcGIS 10.1 (ESRI, Redlands, CA, USA); for 

this purpose, the trades mentioned by the 

farmers with the interviewed traders were 

deleted as it was considered that these trades 

were included in the traders’ transactions. For 

the trades performed with middlemen and 

markets, the trader origins were taken into 

account as the locations of the farms of origin 

or destination were unknown. 

3. RESULTS 

3.1. Study sample 

A total of 158 farmers were listed by the 

village veterinarians including all the large 

farms in both communes and the small farms 

in both selected villages. However, some pig 

farmers were not listed, some farmers had 

stopped their activity by the time the study 

started, and some were not available or refused 

the interview. Finally, 137 farmers were 

interviewed, including nine large and 40 small 

farmers in Com1, and 41 large and 47 small 

farms in Com2. 
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About 100 companies and traders in 11 

provinces were identifiable by their name and 

were mentioned in 350 trading occasions. In 

58 occasions, the information given by the 

interviewed farmer was not sufficient to 

identify the trading partner, 95% of these being 

slaughterhouses. Finally, a total of 11 

slaughterhouses, 22 middlemen, and two 

companies were interviewed in five provinces, 

accounting for over 30% of all buyers and 

sellers mentioned and half of the trading 

occasions. The 22 interviewed middlemen 

included 17 middlemen exclusively trading 

weaners, with nine of them operating in 

weaner markets, three middlemen exclusively 

trading fattening pigs and two middlemen 

trading both weaners and fattenings. Only 

10% of the companies mentioned were 

interviewed accounting for about 20% of the 

trading occasions with companies. 

3.2. General production and trading 

practices 

Four classes of farms were obtained from 

the farm typology (Figure S1). Three classes 

represented a total of 41 large farms of 

different production types (farrow to finish and 

fattening), while the fourth class grouped 96 

small farms without discriminating the 

production type. The class containing the 96 

small farms was then divided into two 

production types equivalent to the production 

types obtained for the large farms. Thus, the 

137 farmers were divided into five classes. A 

summary of the typology variables for each of 

the farm classes is presented in Table 1. A total 

of 62.8% of the farms were specialized in a 

finishing activity, that is fattening 2-month-old 

weaners until slaughtering, and were divided in 

two classes defined as large fattening farms 

(LF) and small fattening farms (SF). The three 

other classes were farrow-to-finish farms of 

different sizes with very large farms (VB), 

large farms (LB) and small farms (SB). 

Contrary to fattening farms, they did not need 

to purchase weaners due to their breeding 

practice. Among the LB farms, three had a 

farrowing activity only. Although they were all 

familial farms, the VB farms had a very high 

number of pigs similar to some companies. 

Most of the large farms (VB, LB, LF) were 

found in Com2, while in Com1 and Com2, a 

similar number of small farms were 

interviewed in each village (SB, SF). These 

results show that the familial farms of different 

sizes have a specialized pig production which 

may influence their trading behaviours. 

A descriptive analysis of trading practices 

was performed for the different pig categories in 

each commune (Table 2). Farmers in Com2 

were trading more pigs (over 50 000 pigs 

traded) compared to Com1 (about 8000 pigs 

traded). This was especially true for weaners 

which were mainly purchased by local farmers 

in Com1, whereas in Com2, weaners were both 

purchased and sold in high quantities by the 

interviewees. Pig farming was the most 

important source of income for the majority of 

the interviewees, so they usually remembered 

the trades they had performed within the last 

1.5 year. However, for the trades performed 

between interviewees, involving breeders and 

weaners, three quarters (37/49) of the links 

were only reported by one of the two 

interviewees involved in the exchange. The 

exchanges of larger numbers of pigs were 

usually better remembered as compared to 

smaller volume of trades. No other differences 

were found between the trades that were 

forgotten or remembered. 

3.3. Trading practices for slaughter pigs 

The analysis of the sales of slaughter pigs 

among the farmers showed important 

differences between the two communes (Fig. 1). 

In Com1, farmers sold about three quarters of 

the pigs to traders slaughtering at the farm, 

while in Com2, a similar proportion of the pigs 

were sent to slaughterhouses. The farmers 

mentioned several categories of traders involved 

in fattening pig transactions. Two traders in 

collective slaughterhouses in Hanoi, nine local 

slaughterhouses and five middlemen in Hung 

Yen and adjacent provinces were interviewed,  
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Table 1. Median (min-max) of the different variables  

for the different classes of swine farms identified                    

Class Sows Boars Weaners sold 
Weaners 

purchased 
Fattenings per year 

No. of farms  
(Com1; Com2) 

VB 185 (70-250) 5 (3-6) 1460 (0-6980) 0 (0-0) 1520 (600-2100) 4 (1; 3) 

LB 26 (10-70) 1 (0-5) 112 (0-1320) 0 (0-0) 248 (0-700) 22 (5; 17) 

SB 4 (1-12) 0 (0-0) 8 (0-61) 0 (0-34) 64 (20-160) 25 (12; 13) 

LF 0 (0-4) 0 (0-0) 0 (0-0) 500 (280-970) 300 (140-900) 15 (0; 15) 

SF 0 (0-13) 0 (0-0) 0 (0-0) 80 (10-253) 60 (15-300) 71 (31; 40) 

Note: VB, very large farrow-to-finish farms; LB, large farrow-to-finish farms; SB, small farrow-to-finish farms; LF, large 

fattening farms; SF, small fattening farms. 

Table 2. General trade description per pig category  

in both communes over a 1.5-year period 

Type of trades in the two 
communes 

Slaughter pigs  Weaners  Breeders 

Pigs Trades (p/t)  Pigs Trades (p/t)  Pigs Trades (p/t) 

Total No in Com1 6086 363 (12)  1886 153 (12)  86 16 (5) 

Purchases (%) 0 0  81.4 82.3  96.5 87.5 

Sales (%) 100 100  13.1 11.8  0 0 

Trades between interviewees (%) 0 0  5.5 5.9  3.5 12.5 

Total No in Com2 24 243 1050 (26)  26 724 576 (40)  597 62 (8) 

Purchases (%) 0 0  39.6 33.2  93.5 87.1 

Sales (%) 98.6 98.4  53.0 55.0  0 0 

Trades between interviewees (%) 1.4 1.6  7.4 11.8  6.5 12.9 

Com2/Com1 4.0 2.9 (2.2)  14.2 3.8 (3.3)  6.9 3.9 (1.6) 

Com2/Com1 adj. (a) 2.2 1.6  7.9 2.1  3.9 2.2 

Note: (p/t), Average number of pigs per trade. Bold values represent the total numbers of pigs and trades in each commune, 

and the ratios between the two communes. aRatios adjusted by the number of farms in each commune. 

and their trading practices were described 

(Table S1). In the collective slaughterhouses, 

several independent traders were slaughtering 

pigs from many farms every night, mainly 

companies and large farms. In local 

slaughterhouses, pigs from only one or two 

farms were slaughtered per night, mostly from 

familial farms. Some seasonal variations were 

observed with an increase in the number of pigs 

slaughtered for a few days during the Tết 

holiday. However, this seasonal effect for pig 

trade was not acknowledged by farmers or 

middlemen and was probably limited. These 

practices will have a direct impact in terms of 

disease surveillance. Collective slaughterhouses 

seem the most suitable for sampling pigs from a 

high number of farms. On the opposite side, 

pigs slaughtered at the farm will not be easily 

accessible for sampling. 

3.4. Trading practices for weaners and 

breeders 

The distribution of the trades for weaners 

and breeders according to the trading partner 

activities was represented in Fig. 2 for each pig 

category in each commune. In the two communes, 

mostly, fattening farms were responsible for the 

purchases of weaners. These pigs were mainly 

purchased indirectly through middlemen and the 

market (61.7%) by the small fattening farms in 
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Com1 and directly from other farmers (86.6%) by 

the large and small fattening farms in Com2. 

Farrow-to-finish farms in Com1 were selling only 

a few hundreds of weaners, while the one in Com2 

was responsible for the sale of above 16 000 

weaners. Overall, the large farms in Com1 were 

almost completely inactive in terms of weaner 

trades, while the three VB farms in Com2 

accounted for 61.4% of weaners’ sales in that 

commune. 

The trades were qualified as pyramidal 

when the pigs were going from farms of larger 

sizes (companies, large farms) to farms of 

smaller sizes (large farms, small farms) and 

transversal when the pigs were exchanged 

between farms of same size. In Com1, the 

interviewed middlemen (n = 10) mentioned 

trading with many actors (Fig. 3a), while the 

traders interviewed in the market (n = 9) 

reported purchasing weaners mainly from small 

farmers (Fig. 3b). Therefore, in Com1, the 

trades appeared to be mainly transversal 

between small farms, directly or through the 

market. In Com2, an important part of the 

trades was clearly pyramidal for both purchases 

(60.6%) and sales (50.1%). The companies 

interviewed reported selling 64.6% of their 

weaner production to familial farmers, 

confirming the strong pyramidal structure. 

Regarding the breeder trades, only a few 

hundreds were purchased and only a few 

dozens were sold altogether. In both 

communes, most of these trades were 

performed directly between farms. The 

breeders were mainly purchased from 

companies, including breeding companies, and 

in general, the purchases were almost 

exclusively pyramidal trades. The sales were 

performed only locally in the same commune 

between familial farms. 

 

Fig. 1. Trade distribution for slaughter pigs across actor categories in each commune  

Note: Percentages of pigs traded (nCom1 = 6086, nCom2 = 24 243); NA = buyer activity unknown, slaughter mixed = traders 

with different slaughtering activities. 
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3.5. Analysis of egocentric networks 

Ninetyeight egocentric networks in Com1 

and 176 in Com2 were built from the 

interviewed farmers; they were describing the 

trades of weaners and breeders between actors. 

An additional 67 actors in Com1 and 139 

actors in Com2 were mentioned by the farmers 

and composed the networks, accounting for a 

total of 97 and 261 arcs, respectively. The 

network sizes, that is the number of nodes, 

varied from one to 13 in Com1 and one to 22 in 

Com2 with a median of 3.0 and 3.5, 

respectively. VB and LB farms in Com2 had 

larger networks compared to other farms in 

Com1 and Com2, confirming the higher trading 

dynamism of these farm classes in Com2. 

For the network typology, five variables 

were kept after exclusion of the trade-weighted 

out-degree variable because of its high 

correlation coefficient with the pig-weighted 

out-degree (0.97) and the out-degree variables 

(0.82). Four classes were identified (Figure S2),

 

Fig. 2. Trade distribution for weaners and breeders  

between actor categories in each commune 

Note: (a1 and a2) trades of weaners in commune 1 and 2, respectively; (b1 and b2) trades of breeders in commune 1 and 2, 

respectively. Percentages of purchased weaners (nCom1 = 1,640, nCom2 = 12,563) and breeders (nCom1 = 86 pigs, nCom2 = 597) 

from the different actor categories and sold weaners (nCom1 = 351, nCom2 = 16,131) and breeders (n
Com1 = 3, nCom2 = 39) to 

the different actor categories; trades between interviewees are counted twice as sales and purchases separately. Arrow 

widths are proportional to the number of pigs traded. 
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and a summary of all the variables is 

available in Table 3. The first group was 

designated as isolated farms as they had null-

to-low in-degree measures with null to medium 

out-degrees, that is they had limited trading 

interactions with other farms. The farms named 

as primary and secondary sinks had null-to-low 

out-degrees and high and medium in-degrees, 

respectively; therefore, they were receiving 

pigs but not redistributing. Finally, farms with 

high out-degrees were classified as sources, as 

they were at the origin of many sales; they 

also had medium in-degrees making them act 

as mediators for the movements of pigs, 

comparatively to the other farm classes. The 

companies were not included in the typology as 

a focus was performed on familial farms. 

However, they could also be considered as 

sources for the familial farms. The sources 

were VB and LB farms in Com2, while these 

same farm classes in Com1 were either sinks or 

isolated farms (Table 4). LF farms and about 

half of SF farms were primary sinks due to 

their important finishing activity. The 

remaining SF farms were mostly secondary 

sinks, that is with less important purchases. 

Most SB farms were isolated as they had 

limited trades, probably due to their small size 

and self-sufficiency in terms of weaner supply 

with reproduction on the farm. 

3.6. Boar hiring and its impact on the 

swine movement networks 

Boar hiring was also mentioned as pig 

movements other than trades. About half of the 

farms with sows (42 farmers) reported hiring 

boar from other familial farmers. This practice 

was the most common in small farms and in 

Com1 where about 90% of farms with sows 

hired boars compared to about 50% in Com2 

(Table S2). The network classes affected were 

the isolated farms and primary and secondary 

sinks. The degree variables for the farms hiring 

boars, originally based only on sales and 

purchases, were recalculated including and 

excluding the boar movements, to assess the 

impact of this practice on the classification of 

the farms (Table S3). In general, the number of 

pigs did not increase dramatically as only one 

boar was exchanged at a time, while the 

frequency of exchanges or trades increased 

consequently, connecting many originally 

isolated farms with others. 

 

(a)                                                                               (b) 

Fig. 3. Distribution of weaner trades generated  

by interviewed middlemen (a) and market traders (b) 

Note: Percentages of weaners purchased and resold by independent middlemen (nmiddlemen = 202,864 pigs) and middlemen  

from the market in Com1 (nmarket = 40,870 pigs). 
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Table 3. Median (min-max) of the different variables for the network classes identified 

Class 
Out-

degree 

Trade-
weighted out-

degree 

Pig-weighted 
out-degree 

In-degree 
Trade-

weighted in-
degree 

Pig-weighted 
in-degree 

Total no. 
of farms 

Isolated 
farms 

0 (0 - 4) 0 (0 - 5) 0 (0 - 239) 1 (0 - 1) 1 (0 - 2) 1 (0 - 40) 34 

Primary sinks 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 3 (1 - 12) 5 (3 - 16) 
176 (30 - 

970) 
48 

Secondary 
sinks 

0 (0 - 2) 0 (0 - 4) 0 (0 - 85) 2 (1 - 2) 3 (1 - 7) 50 (2 - 220) 42 

Sources 6 (4 - 19) 18 (5 - 126) 
690 (100 - 

6980) 
2 (1 - 3) 2 (1 - 5) 20 (3 - 117) 13 

Note: Degree measures were based on trades of weaners and breeders only. 

Table 4. Proportions of farm classes pertain- ing to the network classes 

Class VB LB SB LF SF 

Isolated farms - 31.8 (3; 4) 84.0 (12; 9) - 8.4 (4; 2) 

Primary sinks - - - 100 (0; 15) 46.5 (12; 21) 

Secondary sinks 50.0 (1; 1) 18.2 (2; 2) 16.0 (0; 4) - 45.1 (15; 17) 

Sources 50.0 (0; 2) 50.0 (0; 11) - - - 

Total no. of farms 4 22 25 15 71 

Note: Percentage and number of farms in commune 1 and in commune 2: ‘Percentage (No in Com1; No in Com2)’. 

3.7. Spatial analysis of swine movements  

Differences were observed in the spatial 

distribution of the farmer trades between sales 

and purchases, between communes, and 

between pig categories (Figure S3). In general, 

farmers in Com2 were trading with actors from 

multiple different provinces (4-7 provinces) 

compared to Com1(2-4 provinces). The largest 

proportion of pigs was traded with Hung Yen 

for slaught er pigs (87.0% and 56.5% for sales) 

and weaners (93.2% and 94.6% for sales, 75.2% 

and 36.2% for purchases) for Com1 and Com2. 

Most of the slaughter pig trades involved a 

limited number of provinces all located around 

Hung Yen. Weaners were traded between more 

provinces in the RRD and northern Vietnam. 

Breeder trades involved the highest number of 

provinces, including provinces from southern 

Vietnam, probably due to the high genetic 

quality of the breed offered in that region. 

Breeders were purchased in majority from 

Hanoi (51.2% in Com1 and 67.0% in Com2). 

Thirteen provinces in the RRD and the 

north were mentioned by the traders for weaner 

trades and 13 provinces in the RRD, the north 

and the south for fattening trades (Fig ure S4 

and S5). However, most of the traders were 

trading pigs within the RRD and especially 

Hung Yen and the three adjacent provinces. 

Among weaners and fattening middle men, 

three mentioned buying and selling in only one 

province (Hung Yen), while for 19 middlemen, 

the provinces used for purchases were not all 

the same than those mentioned for sales. This 

demonstrated that they were involved in pig 

movements between different provinces. 

Overall, the trades generated by all 

interviewed traders and farmers for all pig 

categories involved the movement of a total of 

about 900 000 pigs across 22 provinces 

including Hung Yen over the 1.5-year study 

period (Fig. 4). They were distributed all over 

Vietnam, with a focus on the north and 

especially the RRD. Trades including the south 

were related to breeder purchases. 
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4. DISCUSSION 

This study provided a detailed descriptive 

analysis of the farming systems and live pig 

movements in two communes of the RRD in 

northern Vietnam. The farm typology and the 

analysis of the farm networks provided 

important information for the identification of 

trading behaviours at risk for contagious 

disease spread and for the development of 

targeted surveillance strategies. Cost effective 

surveillance protocols are needed which allow 

the monitoring of diseases at a reasonable and 

therefore sustainable cost. Risk-based 

surveillance is the best approach and may have 

different goals (Cameron, 2012). Disease 

detection is a common goal, for example, for 

virus characterization, in the case of SIV in 

order to study the zoonotic potential of the 

viruses or for PRRS to develop vaccines 

matching the circulating strains. Another goal 

is to demonstrate freedom from disease; this is 

more often used in developed countries for 

trading purposes, while in Vietnam, most of 

the major swine diseases are endemic. Finally, 

early detection of a disease is often sought to 

contain its spread by implementing different 

control measures (e.g. trade restrictions), for 

example in the case of a PRRS outbreak. 

Disease mitigation can also be performed by 

implementing preventive measures such as the 

increase in the general biosecurity level. Due to 

limited resources, farming systems at high 

risk of disease spread to an important number 

of other farms need to be targeted in priority. 

The design of risk-based surveillance protocols 

and control measures requires the identifi 

cation of farm categories with a higher risk of 

disease introduction and maintenance on one 

hand and disease spread on the other hand, 

and the identification of suitable focal points for 

targeted sampling is also valuable. 

Although the study sample was limited as it 

was designed to be exhaustive at the local level, 

our data analysis showed an important diversity 

of practices among familial farms. Moreover, as 

the study province is one of the most dynamic in 

terms of pig production in the RRD, it could be 

considered that most of the different trading 

behaviours found in this region were also found 

and documented in the study area. The study 

provided insights in the dynamic of local pig 

production and trades. However, as the study

 

 

Fig. 4.  Spatial distribution of the pig movements  generated 

by interviewed farmers and traders  

Note: The number of pigs purchased  in and sold to a prov- ince is represented on the overall map of Vietnam and in a zoom of 

the RRD. The number of pigs exchanged  within the same province is shown in a second zoom of the five provinces in the RRD 

where internal trades were mentioned 
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focused on familial farms, the company sector 

was not thoroughly investigated and additional 

studies should focus on this sector to fully 

apprehend its role in terms of pig movements 

and risk in disease spread between sectors. It 

was pointed out that trades were sometimes 

forgotten by farmers, especially when small; 

therefore, the swine commercial exchanges may 

have been underestimated. In addition, because 

of the lack of detailed contact information in 

some instances, it was not possible to interview 

all of the trading partners mentioned by the 

interviewees and to perform an analysis of the 

complete trading network. Therefore, in future 

studies, we recommend that movement network 

analysis be carried out by asking farmers and 

traders to keep written records of all sales and 

purchases. In the current study, only traders 

near Hung Yen and Hanoi were interviewed, as 

most of the traders mentioned were located in 

that area. The geographical extent of the trades 

may therefore have been underestimated; 

however, many provinces were mentioned, 

suggesting that provinces in northern Vietnam 

are highly connected through the pig trade. As 

traders were not able to provide the exact 

number of pigs traded by actor category and 

location, only general trends were investigated 

using matrix scoring. This method does not 

provide precise numbers, but it provides 

reasonable estimates particularly of the relative 

proportions for the volume of pigs by actor and 

location. This analysis allowed a reasonable 

description of the farming systems, of their 

trading practices, and allowed farm classification 

according to the direction and volume of pig 

movements which could be interpreted in terms 

of risk of disease introduction and spread. The 

risk of disease introduction and spread in low 

biosecurity settings such as Vietnam familial 

farming is likely to be linked to trading 

behaviours and the corresponding animal and 

human movements. 

Indeed, our typology of the familial farms 

performed within this study allowed going 

beyond the simple distinction between small 

and large farms. Our results showed that 

farms had a very specialized pig production, as 

in industrialized countries, with farrow-to-

finish and fattening farms of different sizes 

(Table 1). However, very few farms had an 

exclusive farrow-to-grower activity, and no 

farms had a nursery activity (pigs from three 

to 10 weeks of age) as it is described in 

Western countries (Noremark et al., 2011; 

Rautureau et al., 2012; Dorjee et al., 2013). On 

the overall farmers in Com1 had less dynamic 

trading practices as compared to those in 

Com2 (Table 2), where a higher level of 

intensification of the familial pig production 

was observed (with a higher number of large 

and very large farms). The trading practices 

were very different between the two communes 

and the different types of production. The 

structure of the trades differed between Com1 

with mostly transversal trades (between farms 

of same size) and Com2 with mainly pyramidal 

trades (between farms of different size) (Fig. 2). 

Moreover, the pyramidal structure of the pig 

production had a double sense here, with pig 

movements going from larger to smaller 

farms, but also from farms with a farrowing 

activity to fattening farms. This type of trade 

structure is found in industrialized countries 

as well as described in the network analysis 

studies cited previously. Due to these trade 

structures, transmission of diseases through 

live pig movements is more likely to occur 

between farms of similar size through 

transversal trades and from larger farms 

towards smaller farms through pyramidal 

trades. In the absence of appropriate 

biosecurity measures, the companies could play 

an important role as sources of disease spread 

to the familial sector through the sales of 

breeders and weaners. Specific types of 

production also had specific trading practices 

and thus different risk of disease spread. In 

terms of disease transmission risk through 

trade, sources are generally considered at high 

risk of disease spread to other farms, and sinks 

have a high risk of receiving the disease. Here, 

the farms defined as sinks were fattening 

farms with important purchases of weaners; 

they are potentially at higher risk of disease 

introduction due to pig movements, but 
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probably have a lower chance of spreading the 

disease through trade due to their limited 

number of sales to other farmers, as pigs are 

mainly sent to slaughterhouse (Tables 3 and 4). 

The source farms, which were large farrow-to-

finish farms with moderate purchases 

(replacement of breeders) and important sales 

to other farmers (mainly weaners and some 

breeders), would have a non-negligible risk of 

disease introduction and a high risk of 

spreading the disease to other herds. On the 

opposite, the small farrow-to-finish farms in 

both commune and the large ones in Com1 

were considered as isolated farms and would 

therefore play a limited role in disease 

transmission risk through pig trading 

networks. No farms showed both high in- and 

out-degrees, and therefore they are not at high 

risk of disease introduction and spread (act as 

a hub), as it was described for nursery farms 

in a study in Canada (Dorjee et al., 2013). 

Therefore, one could consider that farms in 

Com1 would be less at risk for disease spread, 

having a more limited number of trades. 

However, other at-risk practices, also shared 

with some farms in Com2, were identified 

through the study. Firstly, middlemen and 

market were more frequently involved in Com 

1 swine purchase activities which increase their 

risk of disease introduction (Figs 1 and 2). 

Indeed, middlemen often kept traded pigs in 

their house where they also sometimes raise 

pigs. In the market, pigs would stay for a few 

hours next to other pigs with different origins, 

sometimes being transported back and forth to 

the trader’s house and potentially to other 

markets if unsold. 

The risk of transmission by fomites and 

people during these trades could also be 

important. Farmers in Com2 preferred buying 

pigs directly from other farmers so they could 

check the health status of the herd. Secondly, 

in Com1, more farmers were hiring boars for 

reproduction, being more popular among small 

farmers in general (Figures S4 and S5). This 

practice may increase the role in disease 

transmission of farms considered as isolated 

regarding the other types of trades, through 

boar infection or fomite contamination. 

The spatial distribution of the trades 

observed in this study highlighted the 

geographical extent of the pig movements, 

although most of the pigs were usually traded 

within the RRD region (Fig. 4). Overall, over 20 

provinces in all Vietnam, that is about a third 

of the provinces in the country, were mentioned 

for trades described in this study which 

involved 173 actors interviewed in a limited 

geographical area. Based on these data, swine 

diseases are likely to spread easily and quickly 

within the RRD and northern Vietnam as 

controls and health certificate requirements are 

not well regulated and because of the 

occurrence of asymptomatic diseases such as 

swine influenza. 

According to the study results, fattening 

farms with high numbers of pigs purchased (i.e. 

sink farms) should be targeted in the design of 

a risk-based surveillance for disease detection 

and virus isolation for genetic characterization. 

Indeed, targeting these farms would increase 

the sensitivity of surveillance compared with a 

randomized sample including all farms. This is 

probably true for fattening companies with low 

biosecurity as well. The large farrow-to-finish 

farms buying breeders and selling weaners 

seemed the most at risk for disease spread. 

They should be targeted along with companies 

for implementing disease prevention and 

control measures because of their high 

potential to spread diseases to other farms. 

This could be performed by improving the 

general biosecurity level of these farms, and 

also by the early detection of diseases in these 

swine herds before it spreads down to the chain. 

As these farms are large and with constant 

renewal of the susceptible pig population, 

disease persistence might be high; they could 

also be considered in a risk-based surveillance 

design for disease detection, together with the 

fattening farms. Studying the disease 

transmission dynamics within these farms 

may be of interest to support the decision to 

include them in risk-based surveillance 
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protocols. Similarly, larger fattening farms may 

show a higher persistence of viruses and may be 

more of interest compared to smaller farms. 

Developing risk-based surveillance protocols in 

areas like Com1 may be more difficult as no 

farms with high risk were identified, and few 

large farms were present. Although other 

risky behaviours were more frequent in this 

commune like boar hiring, the chances of 

isolating viruses might be low as the window of 

infection in such small pig herd would be short, 

and therefore, the surveillance programme 

might not be cost-effective. 

Finally, this study also allowed the 

identification and description of focal points 

that concentrate pigs from many farms. 

Sampling in these places would require fewer 

resources and would be more effective than 

sampling in individual farms. Local 

slaughterhouses were not considered as an 

efficient location for risk-based surveillance as 

they usually hosted pigs from only a few farms 

in a given day (Table S1). On the contrary, 

collective slaughterhouses represented a very 

promising candidate for risk-based 

surveillance design for disease detection 

because pigs slaughtered in a same night had 

come from many farms and many provinces. 

Pigs were usually transported from northern 

provinces within the same day and held at the 

slaughterhouse for a few hours up to 36 h 

before slaughter. Pigs from several farms were 

often mixed in the same pens, and this may 

facilitate cross-infection of non-immune 

animals and amplification of virus within this 

setting. Pigs in collective slaughterhouses came 

mostly from companies and secondarily from 

large familial farms. The other type of focal 

point identified was the weaner market. As the 

pigs present originated mostly from small 

familial farms in the RRD, this location was 

considered as interesting to cover this farming 

sector. However, this type of markets was not 

frequent in the region, and only three were 

identified with a geographical coverage much 

smaller compared to collective slaughterhouses. 

It was reported that sick pigs were often sold 

for slaughter, but in the case of the market, it 

would be likely that middlemen would sell only 

healthy-looking pigs to farmers, although some 

diseases like influenza may be asymptomatic. 

The age of the pigs sampled would also have an 

impact, with weaners being young pigs which 

might still be partially protected by maternal 

antibodies and fattening pigs being older pigs 

that may have been infected earlier in life and 

not be shedding virus at the time of slaughter. 

In the example of swine influenza viruses, to 

date, virus isolation in Vietnam has only been 

reported in the company or industrial sector 

(Ngo et al., 2012), although there is serological 

evidence for influenza circulation in the familial 

sector (Trevennec et al., 2012). This study 

highlighted the challenges brought by the 

structure of the pig value chain which would 

explain this low detection rate of swine 

influenza in the familial sector and provide new 

information on how to overcome such 

challenges for cost-effective surveillance design 

of infectious diseases in swine. 

5. CONCLUSIONS 

This study has provided empirical data on 

the organization of the pig value chain in 

Hung Yen Province in the RRD. Indeed, the 

analysis of animal movements represents a 

challenge in developing countries where 

systematic record keeping is not well 

established. This study allowed us to formulate 

hypotheses on disease transmission between 

farming systems and geographical locations, 

providing critical information for the design of 

risk-based surveillance protocols. Pilot trials of 

these protocols are currently ongoing to 

identify the most cost-effective protocols for 

swine influenza surveillance in Vietnam. 
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