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EXECUTIVE SUMMARY 

 

Pig production in East and Southeast Asia 

The demand for pork products has increased over the last decades, leading to a doubling of pig 

production in the last 20 years. Asia now accounts for more than 60 percent of global pig production 

with China alone raising around 50 percent of the pigs on the planet. While the global increase in the 

number of pigs between 2002 and 2012 has been estimated as 11.9 percent, most of the countries 

from East and Southeast Asia experience a much faster growth with some countries experiencing 

growth rates of more than 100 percent over that time period. 

Pig production systems are heterogeneous across the region. Whilst most pigs are raised in intensive 

and large production units in countries such as China, Japan or Thailand, small, extensive and often 

free-ranging backyard herds are responsible for most of the production in countries such as 

Cambodia, Myanmar or Lao PDR. The level and the pace of intensification of pig production is also 

very diverse between higher and lower income countries. While production is heavily intensified in 

the former, it is only starting to shift from traditional subsistence farming to specialised household 

operations in the latter. 

The intensification of pig production and the objective to produce more at reduced cost raise 

important questions regarding disease management. In Asia, control of infectious diseases is often 

based on the use of antibiotics, without appropriate supervision by veterinary authorities. In many 

countries, antibiotics can be obtained without prescription. Therefore, the development of 

antimicrobial resistance and the presence of antimicrobial residues in meat is an important issue in 

this region. 

Antibiotic use and alternatives for prophylaxis and growth promotion 

As in many places in the world, antibiotics are used in East and Southeast Asia for three purposes: 

therapeutic, preventive and growth promotion. For therapy, antibiotics are generally used at high 

doses for short periods of time on individual animals, in order to treat a specific disease. For 

prophylaxis, antibiotics are generally administered at high doses for short periods of time (for 

example after weaning or during transport) to groups of animals in order to prevent the occurrence of 

specific diseases. For growth promotion, they are also used for groups of animals but at low dose and 

for long periods of time in order to reduce bacterial competition in the gut and improve feed 

conversion. Whilst the use of antibiotics for promoting growth has been banned in Europe since 2006, 

it is still commonly practiced in East and Southeast Asia. 

To restrict the use of antibiotics for growth promotion, and to a lesser extent for disease prevention, 

many alternative disease management approaches have been studied, including vaccination against 

specific bacterial diseases, feed supplementation with probiotics, with herb extracts, with clays or 

minerals, etc. 

Two studies reported that vaccination of sows with a locally produced vaccine against Escherichia coli 

and Clostridium perfringens results in a significant reduction of the occurrence of neonatal diarrhoea. 

A review of some studies carried on in East and Southeast Asia indicates that some probiotics such as 

Lactobacillus spp., Bacillus spp., Enterococcus spp. or yeast culture, when added to pig feed at specific 

concentrations, can improve growth rates and prevent the occurrence of enteric diseases such as post 

weaning diarrhoea. Some studies even showed that they produce similar rates of growth to piglets 

given antibiotics and therefore may be used in addition or as a substitute to antibiotics.  
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Plant based alternatives, such as bamboo charcoal, bamboo vinegar or fermented soy beans, were 

also investigated and proved to have a beneficial effect on growth comparable to animals fed with 

antibiotics. In human medicine, charcoal is used to detoxify the body. It may have the same effect in 

pigs. Soy is commonly found in animal feed and has to be treated in order to remove toxins before it 

can be used. Feed manufacturers could possibly ferment soybean and add it to the feed instead of  

normal soy and growth promoters. 

Many other alternatives to antibiotics which are used as growth promoters and prophylactics have 

been studied, but not specifically in East and Southeast Asia. These alternatives include, among 

others, feed supplementation with animal plasma and proteins, clay or minerals such as zinc or 

copper, or alternative husbandry practices. 

As highlighted by the studies reviewed, there is increasing interest in East and Southeast Asia to 

identify alternatives to antibiotics in order to prevent the occurrence of antimicrobial resistance and 

avoid the presence of antibiotic residues in meat. Overall, the studies reviewed in this report argue 

that a variety of alternative approaches can promote growth and prevent diarrhoea to a certain 

extent. However, it has to be noted that for some of these approaches the results are contradictory 

between studies and that most of them are rarely as effective as antibiotics. Research efforts are 

therefore still needed to identify effective alternatives to antibiotics for promoting growth and 

preventing disease. 

Risk assessment of alternatives for post-weaning diarrhoea prevention 

With the aim of supporting recommendations on antibiotic usage to farmers and eventually to policy 

makers or regulatory authorities, we developed a risk assessment study whose objective was to 

assess the effectiveness of different alternatives to antibiotics for the management of a prevalent 

bacterial disease in East and Southeast Asia. Post-weaning diarrhoea (PWD) due to enterotoxigenic 

Escherichia coli (ETEC) was selected for this analysis since it is widespread and of high economic 

impact. The specific objectives were to estimate the expected losses (in non-monetary terms) due to 

PWD in intensive and semi-intensive pig farms under different disease mitigation strategies and to 

compare these estimates in order to identify effective alternatives to antibiotics. 

A semi-quantitative risk assessment was conducted. The conditional probabilities associated with 

each pathway step were assessed semi-quantitatively using an expert opinion elicitation. An online 

questionnaire survey was developed and sent to members of the Animal Production and Health 

Commission for Asia and the Pacific (APHCA) and to Asian collaborators of the RVC. The experts were 

asked to assess each conditional probability. For standardising the on-farm losses, the survey also 

included five questions on the relative economic impact of each type of loss. An integrated impact 

score could therefore be estimated for each management practice allowing the comparison of their 

effectiveness. The different management practices that were evaluated included: (1) no specific 

prevention measure, (2) supplementation of the feed with antibiotics, (3) vaccination of the sows, (4) 

supplementation of the feed with zinc oxide and clay minerals and (5) combination of good husbandry 

and dietary practices at weaning.  

In total, 12 experts provided complete answers that could be used for further analyses. These experts 

were from five different Asian countries, namely China (4 respondents), Thailand (4), Philippines (2), 

Viet Nam (1) and Malaysia (1). Two, five and five of these respondents specified they had respectively 

a low, medium and high level of expertise. 

The variability amongst experts with respect to the responses (even for a similar level of expertise) 

resulted in inconclusive results. Individual expert responses were often inconsistent between 

respondents; some respondents identified antibiotics as being the best approach for controlling PWD, 
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some expected all scenarios to have the same impact, and some thought that alternative scenarios 

were more effective. Two respondents even provided answers that led to the conclusion that the 

baseline scenario (no control strategy) was the scenario associated with the lowest risk of PWD. 

Although combining the opinions of all experts, the strategy involving feed supplementation with zinc 

oxide and clay minerals was considered to be associated with a slightly lower risk of on-farm losses. 

Conclusion 

The analysis of individual expert responses was in agreement with the conclusions drawn from the 

literature review where different studies provided contradicting results. It is therefore not possible to 

come up with a clear conclusion, other than that further research is required to assess potential 

known alternatives to antibiotics as well as to identify new alternatives.  

Three main research needs have been identified, namely enhancing the comparability of 

experimental studies by producing guidelines for conducting experimental studies aiming at 

identifying alternatives to antibiotic usage in pigs, considering the cost of the alternatives in 

experimental study designs to assess their cost-effectiveness or their cost-benefit and conducting 

qualitative surveys among farmers to explore their rationale for using antibiotics and their 

alternatives and to identify the perceived barriers to the adoption of these alternatives. 
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INTRODUCTION 

 

World pig production nearly doubled over the last 20 years and more than half of all slaughtered pigs now 

come from the Asian region (Table 1), where China is by far the largest producer (Figure 1), followed by Viet 

Nam and Japan (Best, 2012). The region has had a massive increase in pork demand, fuelled by the 

economic growth experienced over the past decades (Huynh, 2006, Best, 2012).  

However, the rapid increase in the volume of pig meat produced, the intensification of the pig-production 

process, the coexistence of mixed farming systems (intensive, semi-intensive and traditional) and the much 

greater international movement of products have exacerbated the impact of swine diseases on the industry 

(Drew, 2011). In recent years, pig diseases have emerged and re-emerged in Asia with epidemics causing 

devastating animal and economic losses, jeopardizing farmers’ livelihoods and penalizing consumers that 

rely on pork as their main source of protein (Ayudhya et al., 2012, Morales et al., 2007).  

 

TABLE 1. DEVELOPMENT OF MEAT PRODUCTION IN ASIA BETWEEN 2000 AND 2012 (SOURCE: FAOSTAT) 

Species 

Meat production 

(million tons) 
Growth (%) 2000 

(% of world 
production) 

2012 

(% of world 
production) 

Buffalo  2.6 (92.9) 3.2 (88.9) 23.1 

Cattle  10.3 (18.3) 14.2 (22.4) 37.9 

Chicken  18.6 (31.7) 31.5 (33.9) 69.4 

Duck  2.3 (79.3) 3.6 (83.7) 56.5 

Goat  2.6 (68.4) 3.7 (69.8) 42.3 

Pig  44.0 (51.2) 60.6 (55.5) 37.7 

Sheep  3.5 (44.9) 4.2 (49.4) 20.0 

 

The development of efficient surveillance systems and disease control strategies at farm, national and 

regional levels does not appear to keep pace with the rapid growth of the industry. Disease control in Asian 

countries is often based on continuous ad hoc use of antibiotics without adequate supervision or veterinary 

advice (Cameron, 2000). The poorly controlled use of antibiotics has raised the problem of antibiotic 

resistance and unwanted residues in pig meat, with significant repercussions to both human and animal 

health (Aarestrup et al., 2008). For this reason it is now paramount to identify alternative methods for 

disease control and performance enhancement in swine, in order to reduce the need for using antibiotics to 

essential therapeutic situations. 
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FIGURE 1. GLOBAL PATTERN OF PIG DENSITY IN 2006, FROM FAO (2013) 

 

The objectives of this report are 1) to review the different pig production systems in the East and South-

East Asia region, 2) to review the antibiotic usage and its alternatives in intensive and semi-intensive pig 

farms in the East and Southeast Asia region and 3) to present the results of a risk assessment for comparing 

the effectiveness of possible alternatives to the use of antibiotics for controlling post-weaning diarrhoea in 

the East and Southeast Asia region. 
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PIG PRODUCTION SYSTEMS IN THE EAST AND SOUTHEAST ASIA REGION 

 

Pig production systems can be broadly categorised into three different groups: backyard farming, semi-

intensive farming and intensive farming. Backyard farming corresponds to traditional pig husbandry, 

generally located in remote rural areas. In most countries, they are characterised by a very low number of 

pigs (often less than five), raised in very close contact with other livestock species such as buffaloes, cattle 

or poultry also kept in small numbers. Pigs are allowed to range freely in the village (Figure 2), and are 

generally raised from farrow to finish for subsistence purposes or sold at a local market. In general, farmers 

are involved in other activities that provide the primary source of household income. At the other extreme, 

intensive production farms are very similar to what can be encountered in Europe and the USA with 

hundreds or thousands of pigs raised indoors as part of production units specialised for example in farrow-

to-finish or fattening. These farms are often located in the peri-urban area of major cities. With this type of 

enterprise, pigs are raised only for economic benefits. Between these two extremes, semi-intensive farms 

generally have between five and 100 animals (Figure 2). The owner may also be involved in other income-

generating activities.  

 

 

FIGURE 2: FREE RANGING PIGS IN BACKYARD FARMS (TOP) AND SEMI-INTENSIVE FARMS (BOTTOM) IN CAMBODIA 

 

In many countries of East and Southeast Asia, the pig production sector has experienced a major 

transformation over the last decades. The most important change has been the rapid growth of the pig 

population size in most countries in the region (Table 2). Whilst the global increase in the number of pigs 

between 2002 and 2012 is estimated as 11.9 percent (source: FAOSTAT), most of the countries in East and 

Southeast Asia experienced much higher growth rates, some close to or higher than 100 percent such as 

Lao PDR and Myanmar (Table 2). China is by far the biggest producer in the region followed by Viet Nam 

with around 466 (corresponding to almost 50 percent of the global pig population) and 26.5 million pigs, 

respectively, in 2012. 
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TABLE 2. NUMBER AND PRODUCTIVITY OF PIGS IN 2012 AND GROWTH OVER THE DECADE 2002 TO 2012 IN SELECTED EAST AND 

SOUTHEAST ASIAN COUNTRIES (SOURCE: FAOSTAT). THE FIGURES FOR THE UNITED STATES OF AMERICA ARE GIVEN FOR 

COMPARISON. 

Country 
Pig stock 

(million head) 

Productivity 

(kg/pig/year) 

Population 

Growth (%) 

Productivity 

Growth (%) 

% of US 

Productivity 

Cambodia 2.1 45.0 2.0 -13.4 30.2 

China 466 104.6 20.1 11.9 70.2 

Indonesia 7.8 95.7 38.5 17.8 64.3 

Japan 9.7 131.6 0.3 3.0 88.4 

Korea, DPR 2.3 49.1 -28.0 3.1 33.0 

Korea, Rep. 9.9 104.7 7.9 -4.8 70.3 

Lao PDR 2.8 20.3 83.0 1.2 33.0 

Malaysia 1.8 127.2 -5.2 37.9 85.4 

Myanmar 10.5 60.0 138.8 70.4 40.3 

Philippines 11.9 132.0 11.2 15.7 88.6 

Thailand 7.5 132.8 13.8 22.1 89.2 

Viet Nam 26.5 114.9 24.2 63.6 77.1 

USA  66.4 148.2 10.9 3.5  

 

The heterogeneity in the level of pig production intensification amongst the countries in East and Southeast 

Asia, crudely reflected in annual meat offtake per pig (and using the USA figure of 148 kg as benchmark) 

implies differences in the relative importance of the different pig production systems between countries. 

Some countries such as Japan are characterised by large-scale intensive farms, and others such as Cambodia 

mostly rely on traditional backyard farming systems. This heterogeneity can also exist within countries, for 

example in China; in the most industrialised coastal regions of China, small-scale producers have been 

completely replaced by intensive pig production enterprises whilst in the western provinces, farmers still 

depend heavily on traditional extensive farming (Bingsheng, 2010). Overall, the proportion of pigs raised in 

intensive production units is rising quicker in China than anywhere else (McOrist et al., 2011). 

In some countries such as Cambodia and Lao PDR, the pig production systems remain mainly based on 

backyard farming with a small number of pigs, poor biosecurity measures, low productivity and low 

productivity growth. In other countries, e.g. Myanmar and Viet Nam, there is currently indication that the 

production system is rapidly shifting towards more intensive production units as indicated by high levels of 

productivity growth over the 2002 – 2012 period. In some countries, e.g. Thailand, Japan and China, pig 

production has intensified and consolidated over the last decades. In these countries, the majority of the 

pig population is owned by a small number of farmers. For example, in Thailand, 10 percent of pig farmers 

raise around 80% of pigs in the country (Sakpuaram et al., 2002). Table 3 presents an overview by country 

of the pig production system and its current development for the East and Southeast Asia region. 
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The widespread intensification of pig production has increased the risk of disease spread within farms 

because of an increase in animal density, especially if adequate mitigation measures are not implemented. 

As a consequence, control of diseases and their consequential impact on production often relies on 

vaccination or continuous administration of antibiotics, often given without veterinary supervision 

(Cameron, 2000). Many diseases are present in pig production systems in Asia resulting in the perceived 

need for antibiotic usage. Most common ones include bacterial diseases such as enzootic pneumonia, 

pasteurellosis, post-weaning diarrhoea syndromes or porcine pleuropneumonia, viral diseases such as 

swine influenza, porcine coronaviruses or rotaviruses, and parasitic diseases such as coccidiosis (Cameron, 

2000). 
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TABLE 3. OVERVIEW OF THE PIG PRODUCTION SYSTEM IN EAST AND SOUTHEAST ASIAN COUNTRIES 

Country Profile of the pig sector Pork production and developmental trend Main references 

Cambodia Backyard system commonly associated with free ranging 

pigs 

Seasonal production associated with rice harvest 

For smallholders, pigs represent source of income and 

household insurance system  

Very low level of production (<1% of farmers have a 

commercial production); 3 intensive farms supply 

almost all grandparent stock, breeding sows, and piglets 

to semi-commercial farms 

Highest pig densities in Prey Veng and Kampong Cham 

provinces 

Mostly backyard production 

Very slow transition to more intensive production systems 

Number of imported pigs has been multiplied by 400 between 

2000 and 2011 (FAOSTAT) 

Substantial illegal trade is highly suspected 

Devendra (2002) 

Devendra and Thomas (2002) 

Thomas et al. (2002) 

FAO (2005) 

Samkol et al. (2006) 

Saroeun et al. (2007) 

China Backyard, semi-intensive and intensive farms 

Farms with more than 30 sows represent 60% of the pig 

population 

Rural backyard farmers typically sell to local markets 

between 5 and 10 pigs a year  

Specialized operations generate the majority of 

household income from pork production 

Major production centres around large cities (Beijing, 

Shanghai, and Guangzhou) 

Backyard farmers mainly in the western regions 

 

Represents half of the world’s pork production 

One of the top pork consuming countries in the world 

Very quick expansion of the pork industry over the last decades 

Percentage of pigs raised in intensive farms is rising quickly 

Traditional backyard production is likely to decrease over the next 

5 years, with more specialized household operations replacing 

them 

Massive imports of soybean for the pig industry 

Negative ecological impacts of the intensification of the pig 

production 

The total value of imported pigs and pig products has been 

multiplied by 6 between 2000 and 2011 (FAOSTAT) 

McOrist et al. (2011) 

Oh and Whitley (2011) 

Schneider (2011) 
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Country Profile of the pig sector Pork production and developmental trend Main references 

Indonesia Majority of producers are smallholders (368,000 

households) 

Most of the producers are located on the island of Java 

 

Pork is the third largest amount of meat produced in Indonesia 

(after ruminant and poultry) although 80% of the population are 

Muslim. 

Large-scale commercial production is encouraged by the 

government 

Smallholdings are also encouraged through government support 

for the development of cooperatives, and encouragement for the 

provision of goods and services by the private sector 

No significant imports of live pigs (FAOSTAT) 

Liano and Siagian (2002) 

Japan 8
th

 largest pig producer in the world  

Three main integrated pig companies (Interfarm, Pacific 

Ocean Breeding and Sankyo Meat) 

Pork production was almost non-existent after the second world 

war 

Since then, pork production increased substantially 

Very important sectot consolidation over the last decades 

(decrease in the number of farms associated with a strong increase 

in the average number of pigs per farm) 

Supply has stabilised over the last years 

Largest pork importing country in the world (50% of the total 

consumption is imported) 

Number of imported pigs has been multiplied by 3 between 2000 

and 2011 (FAOSTAT) 

Oh and Whitley (2011) 

Tanaka and Hennessy (2012) 

Korea, Republic 11
th

 largest pig producer in the world 2
nd

 largest farming sector in the country after rice 

Strong sector consolidation during the last decade (the average 

Oh and Whitley (2011) 
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Country Profile of the pig sector Pork production and developmental trend Main references 

number of pigs per farm has almost tripled between 2001 and 

2011)  

Number of imported pigs has been multiplied by almost 10 

between 2000 and 2011 (FAOSTAT) 

Number of small farm operations is decreasing 

Lao PDR One of the most important production animals for 

smallholders in the uplands 

For smallholders, pigs represent source of income and 

household insurance system  

Four types of production systems: free-range scavenging 

(the most common), semi-intensive, intensive, and 

integrated pig and fish farming 

In traditional systems, growth rate is very low (it can 

take two years for a pig to reach 60-70 kg) 

Pork production mainly in backyard system 

Very slow transition to more intensive production systems 

Phengsavanh et al. (2010) 

Malaysia Of the 13 states in Malaysia, pig production is only 

allowed in six 

Current production levels are below other swine-

producing countries in the region, with 16-18 

pigs/sow/year 

Pork production was devastated after the Nipah virus outbreaks in 

1999 

Pork industry has shifted from family-owned farms to farms 

producing pork with high safety standards and using efficient 

production methods, and good environmental and marketing 

systems 

Moore (2007) 

Mongolia Poorly developed 

Localised intensive pig production around Ulaanbaatar 

Pig farms are largely dependent on imported stock and feed 

Strong development since the number of pigs tripled over the last 

10 years 

Suttie (2006) 
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Country Profile of the pig sector Pork production and developmental trend Main references 

Philippines Pigs are one of the most important agricultural 

commodities 

82% of pigs are raised in backyard farms 

A few large-scale farms produce almost 15% of breeding 

pigs 

Smallholders often raise only one or two pigs for very 

specific purposes 

In the 90s, swine accounted for 78% of the total value of livestock 

production 

Country not self-sufficient for pork products and imports of pork 

products are increasing steadily 

Villar et al. (2002) 

Costales et al. (2007) 

Thailand 10% of farmers have a commercial business accounting 

for 80% of pigs produced in the country 

56% of pigs produced are from farms with over 1 000 

pigs 

Almost half of large intensive farms are privately owned  

Intensive farms are categorised in four groups: nursery 

farms, farrow-to-finish farms, contract farms and 

fattening farms 

Industrialisation of pig farming started in 1973 

Development of large-scale farms only speeded up in the 80s 

Number of imported pigs has been multiplied by more than 12 

between 2000 and 2011 (FAOSTAT) 

Cameron (2000) 

Sakpuaram et al. (2002) 

Viet Nam Production mostly through backyard/household 

operations (85-90% of pigs in Viet Nam) 

Larger commercial farms (up to 3 000 pigs) are generally 

state-owned 

Private commercial farms generally have around 700 

pigs 

Intensive systems develop very fast in peri-urban areas of big cities 

because of increase in demand for pork meat with increasing 

economic wealth 

In 2005, due to the highly pathogenic avian influenza epidemics, 

pig production increased by almost 14% 

Only 1-2% of pork is exported 

Cameron (2000) 

Huynh et al. (2007) 

Que (2006) 
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REVIEW OF ANTIBIOTIC USE AND ALTERNATIVES TO ANTIBIOTIC USE IN 

THE EAST AND SOUTHEAST ASIA REGION 

 

BACKGROUND 

 

As a consequence of the intensification of pig production, the number of animals per farm increases 

which results in higher risks of disease spread within farms. Consequently, minimising the risk of disease 

introduction is of increasing importance, and more effective disease prevention and control measures 

need to be implemented. 

Antibiotics appeared more than 50 years ago, and since then, have been massively used in livestock 

production. In pigs, they are very effective for improving the productivity of livestock by reducing 

mortality, morbidity, increasing growth rate and the efficiency of feed utilisation (Cromwell, 2002). 

However, as Alexander Fleming in his Nobel lecture “Penicillin” warned more than 50 years ago 

(Fleming, 1945), the continuous use of some antibiotics, especially when administrated at low dose, may 

lead to the development of resistant bacterial strains that would threaten the whole production system 

and potentially the health of human populations (Wegener et al., 1998). Indeed, just like in the United 

States of America or in Europe, multidrug resistant Escherichia coli and other bacteria resistant to broad 

spectrum antibiotics such as penicillin and tetracycline have been identified in China (Schneider, 2011). 

Moreover, consumers become increasingly concerned about the presence of residues in meat 

(Vondruskova et al., 2010). For these reasons,  the use of antibiotics as growth promoters was banned in 

the European Union on January 1
st

 2006. 

In most countries in Asia, the use of antibiotics is still poorly regulated. For example in Viet Nam, 

farmers tend to use previous experience to decide which drug to give to their animals (Huynh et al., 

2006). They are able to obtain antibiotics without veterinary prescription despite of having access to 

veterinarians and paraveterinarians at the commune level (Huynh et al., 2006; Kim et al., 2013). 

Antibiotics are used for therapeutic purposes against various bacterial diseases but also viral and 

parasitic diseases that pose risks to pig farming systems. Table 3 lists the most important swine bacterial 

diseases that can be found in pig production systems in Asia (Cameron, 2000). They are also widely used 

as growth promoter and for prophylaxis to prevent the occurrence of some diseases such as post-

weaning diarrhoea, a syndrome widespread in the Asia Pacific region (Wang et al., 2006; Do et al., 2006; 

Katsuda et al. 2006). 

The objectives of this report section are twofold: to review the ways antibiotics are used in East and 

Southeast Asia and to review the alternatives to antibiotics that are used in the region. 
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TABLE 4: MAIN BACTERIAL DISEASES THAT CAN BE FOUND IN PIG PRODUCTION SYSTEMS IN ASIA (ADAPTED FROM CAMERON, 

2000) 

Disease Pathogen Age group affected 

Enzootic pneumonia Mycoplasma hyopneumoniae Weaners, growers, finishers 

Pasteurellosis Pasteurella multocida type A, D and B2 All ages 

Porcine pleuropneumonia Actinobacillus pleuropneumoniae Weaners, growers, finishers 

Bordetella infections Bordetella bronchiseptica Weaners 

Atrophic rhinitis Pasteurella multocida type D Weaners, growers, finishers 

Glassers disease Haemophilus parasuis Weaners, growers, finishers 

Streptococcus meningitis Streptococcus suis type II Weaners 

Colibacillosis Escherichia coli Piglets, weaners 

Salmonellosis Salmonella spp. Weaners, growers 

Swine dysentery Serpulina hyodysenteriae Weaners, growers, finishers 

Spirochaetal diarrhoea Serpulina pilosicoli Growers, finishers 

Proliferative enteropathy Lawsonia intracellularis Growers, finishers, young adults 

Leptospirosis Leptospira spp. All ages 

Brucellosis Brucella suis All ages 

Erysipelas Erysipelothrix rusopathiae All ages 

Tuberculosis Mycobacterium tuberculosis, bovis, avium All ages 

Exudative epidermitis Staphylococcus hyicus Piglets, weaners 

 

USE OF ANTIBIOTICS IN EAST AND SOUTHEAST ASIA 

 

Antibiotics are chemicals with bactericidal and bacterial static properties that were initially used to treat 

diseases and conditions caused or associated with bacterial infections. Their usage then became more 

diverse with prevention/prophylactic use and for growth promotion. 

There are many families of antibiotics with several generations of compounds within each. The most 

widely used families in the swine industry include: tetracyclines, sulfonamides, fluorquinolones, 

macrolides, cephalosporins, lincosamides and polypeptides. Some of the families such as macrolides are 

frequently used for all three types of usage while some others are rationally used only for therapeutic 

purposes such as cephalosporin of the third generation (Table 4). 

A field study in Viet Nam showed that antibiotics are widely used, with almost 92 percent of 

investigated farms using them either for therapeutic, prophylactic or growth promotion purposes. In 

general, antibiotics were found to be less often used in backyard farms than in semi-industrial or 

industrial farms (Kim et al., 2013). To our knowledge, no large scale study has ever been undertaken to 

gather information on antibiotic usage or sales in East and Southeast Asia that would allow comparison 

between countries, as was done in the European Union (EMA-ESVAC, 2013). 
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TABLE 5: CLASSES OF ANTIBIOTICS COMMONLY USED IN PIG PRODUCTION (ADAPTED FROM BECKER, 2010) 

Use Utilisation Antibiotic class 

Therapeutic  High dose, short period of time, on individual animals Cephalosporin (3
rd

 generation) 

Penicillin 

Macrolide 

Tetracycline 

Lincosamide 

Preventive  High dose, short period of time, on the whole herd Macrolide 

Tetracycline 

Growth 

promotion 

Low dose, long period of time, on the whole flock Penicillin 

Macrolide 

Sulfonamide 

Tetracycline 

Polypeptide 

 

USE FOR THERAPY 

For therapeutic use, antibiotics are generally used in high doses for short periods of time on individual 

animals. When an animal becomes ill, one will try to prevent the illness from getting worse and cure the 

animal by administering antibiotics. 

In Viet Nam, it was shown that the farmers tend to choose antibiotics based on their own experience or 

based on advice from drug vendors or pharmaceutical industry representatives, but most of the time 

without sending any sample to a laboratory for diagnosis or susceptibility testing (Kim et al. 2013). This 

emphasizes that antibiotic usage is poorly supervised with possibilities for the farmers to purchase 

antibiotics without having to obtain a prescription from the veterinarian. This is very likely to be similar 

in most countries in Southeast Asia.  

Many antibiotics are used for therapeutic purposes in the East and Southeast Asia region as shown by 

Kim et al. (2013) who identified more than 30 different antibiotics in Viet Nam. The most commonly 

used antibiotics for therapy include macrolide antibiotics (tylosin was used in 45% of sampled farms), 

aminoglycoside antibiotics (gentamycin in 37% of sampled farms), fluoroquinolones (enrofloxacin in 30% 

of sampled farms) and colistin (27%). They also reported that most farmers do not respect dosage, 

length of treatment and withdrawal time.  

 

USE FOR PROPHYLAXIS 

Antibiotics can be used to prevent endemic microorganisms such as E. coli from multiplying to levels 

that result in illness of the infected animal and from being shed where it can infect other individuals. It is 

often difficult to clearly separate between usage for prophylaxis and for growth promotion since both of 

these may be seen as aiming at decreasing the likelihood of infection. As a consequence, the term 

“growth promoters” is sometimes used to qualify antibiotics aiming at disease prevention, as can be 

seen in the title of the paper by Vondruskova et al. (2010). The main difference between prophylaxis 

and growth promotion lies in the mode of administration: for prophylactic use, antibiotics are generally 

administrated at high doses for short periods of time (for example after weaning or during transport) to 

a group of animals, whilst for growth promotion they are also used for a group of animals but at low 

dose and for long periods of time (Becker, 2010). 

In Viet Nam, Kim et al. (2013) reported the following main antibiotics used for prophylaxis: 

fluoroquinolones (with norfloxacin and enrofloxacin used respectively in 8% and 5% of investigated 
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farms), colistin (used in 6% of investigated farms) and tetracyclines (with oxytetracycline used in 5% of 

investigated farms). In total, they identified 25 different antibiotics used prophylactically.  

 

USE FOR GROWTH PROMOTION 

Antibiotics are often used in feed to increase the rate of growth by reducing bacterial competition in the 

gut and reducing the likelihood of pathogenic bacteria causing diseases that lead to a loss of 

productivity. As emphasized in the previous paragraph, such usage is characterised by low 

administration doses throughout the production cycle (Cromwell, 2002). The pathway by which these 

substances stimulate the growth is not clear, but their ability to prevent the occurrence of enteric 

diseases such as weaning diarrhoea is believed to play a substantial role (McEwen and Fedorka-Cray, 

2002, Laxminarayan et al., 2013). The usage of antibiotics for growth promotion has been banned in 

Europe since January 1
st

 2006. In the United States of America, antimicrobial growth promoters are still 

authorised and their usage is regulated by the Food and Drug Administration Authority and controlled 

on a case-by-case basis (Viola and DeVincent, 2006). 

Antimicrobial growth promoters are commonly used in China (Schneider, 2011) as well as in other 

countries of the region (Vu et al., 2007). Countries have laws regulating the usage of antibiotics as 

growth promoters. Kim et al. (2013) identified 11 antibiotics that were used as growth promoters in Viet 

Nam with the most common being colistin (37% of the farms surveyed) and chlortetracycline (34%). At 

the time of their study, six out of these 11 antibiotics were banned for use as growth promoter 

(including colistin) but were still used illegally (Kim et al., 2013). Antibiotic growth promoters allowed by 

the Viet Namese government are: bacitracin methylene disalicylate, chlortetracycline, lincomycin, 

oxytetracycline and tylosin.  

Zhou et al. (2013) determined the antibiotics that were used in feed in three intensive pig farms in 

China. Various families of antibiotics could be found in two of them, including tetracyclines (tetracycline, 

chlortetracycline, doxycycline and oxytetracycline), fluoroquinolones (enrofloxacin), fenicols 

(florfenicol), macrolides (leucomycin), and sulphonamides (sulfamonomethoxine). Concentrations were 

systematically higher in piglet feed compared with feed for growing and finishing pigs or with sow feed 

(Table 5). Similarly, Chen et al. (2012) found many different families of antibiotics being used on four 

swine farms in China. Like the findings by Zhou et al. (2013), tetracyclines were dominant on three of 

the four farms (mainly doxycycline and tetracycline). However, the concentrations of antibiotics in feed 

were much lower than in Zhou et al. (2013) but a much larger number of antibiotics were found.  

Therefore, the use of antimicrobial growth promoters seems common in East and Southeast Asia with a 

large variety of antibiotic families involved. Usage practices also appear to be diverse and illegal use is 

likely to be common. 
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TABLE 6: ANTIBIOTICS FOUND IN FEEDS COLLECTED FROM TWO SWINE FARMS IN GUANDONG, CHINA (ADAPTED FROM ZHOU 

ET AL. 2013) 

Pig farm Age group Antibiotic found in feed Concentration (μg/kg) 

1 Piglets Chlortetracycline 72,800 

Tetracycline   4,160 

Oxytetracycline         12 

Growing and finishing Chlortetracycline 30,400 

Tetracycline   1,670 

Oxytetracycline           4 

Sows Chlortetracycline 47,500 

Tetracycline   2,600 

Oxytetracycline        11 

2 Piglets Chlortetracycline 65,900 

Leucomycin 38,100 

Tetracycline   4,340 

Growing and finishing Leucomycin   1,280 

Chlortetracycline      371 

Sulfamonomethoxine        51 

Sows Chlortetracycline 13,500 

Tetracycline      867 

Sulfamonomethoxine        42 

 

ALTERNATIVES TO ANTIBIOTICS FOR PROPHYLAXIS AND GROWTH PROMOTION 

 

Many alternatives to antibiotics in the pig industry have been studied and reviewed in numerous papers 

(Doyle, 2001, Kommera et al., 2006, Vondruskova et al., 2010, Thacker, 2013). The comparisons of their 

impact are frequently based on average daily weight gain (ADG), gain to feed ratio (G:F), average daily 

food intake (ADFI) and intensity of diarrhoea. Often the studies also observe how the different diets 

affect exposure to specific bacteria and the impact of the diet on gut morphology and the bacterial 

community of the gut. Many studies use a control diet without antibiotics alongside a control diet with 

typical antibiotics used within the industry.  

 

VACCINATION 

Vaccines are available to control many porcine viral diseases, including foot and mouth disease, classical 

swine fever or porcine reproductive and respiratory syndrome, but also some bacterial diseases that are 

traditionally controlled using antibiotics, such as neonatal diarrhoea due to E. coli. In an experimental 

trial, Wang et al. (2013) showed that piglets from sows vaccinated using an inactivated vaccine against E. 

coli and C. perfringens were drastically less prone to develop watery diarrhoea (incidence of 8% as 

compared to 95% in the controlled group). A study by Do et al. (2006) reported that in Viet Nam a local 

vaccine for E. coli is available to control neonatal diarrhoea and that some farmers use it, although some 

vaccine failures have been reported.  
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PROBIOTICS 

Many studies in East and Southeast Asia have investigated the benefits of using probiotics
1
 as compared 

with diets with or without antibiotics. It was often demonstrated that probiotics such as Lactobacillus 

spp., Bacillus spp., Enterococcus spp. or yeast culture may be a useful means for promoting growth 

(Giang et al., 2012, Choi et al., 2011, Shen et al., 2009, Lee et al., 2012) or preventing diarrhoea (Giang et 

al., 2012, Lee et al., 2012). It is also important to note that some results have been reported where feed 

supplementation with Enterococcus spp. appeared to prevent diarrhoea but had no effect on growth 

rate, feed intake or feed efficiency as compared to a basal diet (Taras et al., 2006). However, it has been 

suggested that the effect of probiotics might be dose-dependent, as was shown for yeast (Shen et al., 

2009) or for Lactobacillus plantarum (Lee et al., 2012). 

When compared with antibiotics, the effect of probiotics is difficult to assess since some studies report a 

significant benefit of probiotics over antibiotics; some others suggest an absence of a significant 

difference between the effect of probiotics and the effect of antibiotics while others report that 

antibiotics are more effective. A review of these results can be found in Doyle (2001). In East and 

Southeast Asia, Shen et al. (2009) did not observe any significant impact on growth rate comparing feed 

supplemented with yeast with feed supplemented with chlortetracycline at a concentration of 80 

mg/kg. Similarly, Lee et al. (2012) observed similar growth between pigs fed with a supplementation of 

Lactobacillus plantarum (10
9
 cfu/kg) and pigs supplemented with a bolus of apramycin (50 mg/kg), 

tiamulin (39 mg/kg), sulfathiazole (100 mg/kg) and bacitracin methylene disalicylate (30 mg/kg). 

However, results by Choi et al. (2011) suggest that the benefits of using probiotics (a mix of Lactobacillus 

acidophilus, Bacillus subtilis, Saccharomyces cerevisiae and Aspergillus oryzae) might be significantly 

lower than those of antibiotics (chlortetracycline at a concentration of 100 mg/kg). 

As an illustration, Choi et al. (2011) undertook an experimental study for investigating the effect of two 

types of probiotics on the growth of weaned pigs in controlled housing. They looked at the influence of 

probiotics prepared by submerged liquid fermentation and probiotics prepared by solid substrate 

fermentation on piglet growth, feed intake and conversion. The study used as probiotics a mix of 

Lactobacillus acidophilus, Bacillus subtilis, Saccharomyces cerevisiae and Aspergillus oryzae. The 

negative control group received a basal diet. The positive control group received chlortetracycline as an 

antibacterial growth promoter at the concentration of 100 mg/kg. The impact on ADG, G:F and ADFI can 

be seen in Table 6. The group of pigs fed with a supplementation of chlortetracycline was associated 

with the best gain-to-feed ratio while the probiotics were associated with a gain-to-feed ratio between 

the positive and negative control groups. 

A review of these studies indicates that some probiotics can be used at specific concentrations to 

improve growth rates and prevent the occurrence of enteric diseases such as post weaning diarrhoea. 

Some studies have shown that they produce rates of growth similar to piglets given antibiotics and 

therefore may be used in addition or as a substitute for antibiotics. However, these experiments were 

undertaken in controlled environments and therefore pigs were less likely to be exposed to the variety 

of stressors and pathogens that are common in farm environments. 

 

 

 

                                                                 

1 Probiotics are live bacterial supplements which are fed to animals or humans for improving their intestinal flora and eventually 
improve their health and growth. 
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TABLE 7: IMPACT ON GROWTH RATES AND FEED CONVERSION OF DIFFERENT PROBIOTIC TREATMENTS GIVEN DURING THE 28 

DAYS FOLLOWING WEANING (CHOI ET AL., 2011). 

 Neg Control Pos Control LF SF P-value 

ADG (g) 315 363 343 360 <0.001 

ADFI (g) 479 498 493 502 0.04 

G:F (g/kg) 658 720 696 716 <0.001 

ADG: average daily gain; ADFI: average daily feed intake; G:F: gain to feed ratio; Neg Control: group of weaned pigs 

fed with a basal diet; Pos Control: group of weaned pigs fed with a diet supplemented with chlortetracycline; LF: 

group of weaned pigs fed with a diet supplemented with probiotic prepared by submerged liquid fermentation; SF: 

group of weaned pigs fed with a diet supplemented with probiotic prepared by solid substrate fermentation 

 

PLANT BASED ALTERNATIVES 

Identifying effective means to replace the use of antibiotics for promoting growth and preventing 

enteric diseases now includes the investigation of the effect of herbs and herbal mixtures that contain 

compounds with antibacterial effects (Doyle, 2001).  

Kiers et al. (2003) studied the effect of a four week diet including fermented soya beans on diarrhoea 

and feed conversion efficiency in weaned piglets of 25 days of age. At two days post weaning the pigs 

were given colistine sulphate, which was just before an ETEC challenge. Three days post ETEC challenge 

42 percent piglets were excreting ETEC through their faeces. Ten days post-challenge, ETEC was not 

detected in any faecal matter from the challenged pigs. The level of ETEC was the lowest in piglet groups 

fed with Rhizopus fermented soy beans. Nine of the 96 pigs died, eight deaths were attributed to E. coli 

and one death to pleuropneumonia. Fermented and cooked soy groups had lower diarrhoeal scores 

with the rhizopus fermented group having the lowest score. Growth rate, feed intake and feed efficiency 

was higher in the fermented and cooked group than in the toasted group. It was thought that the 

favourable effect of Rhizopus may be through its ability to inhibit adhesion of bacteria within the gut.  

Cho et al. (2012) also used weaned pigs and growing/finishing pigs to observe whether adding herbal 

remedies (Japanese honey suckle, lacquer tree extract, yellow ginger and Hoantchy roots) could be 

beneficial for growth and diarrhoea prevention as compared with a control group fed on a basal diet 

(without antibiotics). Comparing ADG, G:F and ADFI between control groups and groups fed with a 

supplemented diet, the authors conclude that some herbs can indeed significantly improve growth 

performance and reduce diarrhoea occurrence during some growth stages. 

Chu et al. (2013) used finishing pigs of 140 days age weighing 79 kg that were kept on different diets for 

42 days until they reached 110 kg weight. The negative control pigs were given a basal diet. The positive 

control pigs were supplemented with oxytetracycline and tiamulin while two other groups were given 

0.3 percent of bamboo charcoal and 0.3 percent of bamboo vinegar, respectively. The two treatment 

groups had significantly higher feed conversion and growth rates than the negative control group, but 

these were slightly lower than in the positive control group that received antibiotics. 

Ohno et al. (2013) used weaned Japanese breed piglets to investigate the impact of green tea on growth 

rates and mortality. They had three groups of piglets, one being supplemented with green tea, one with 

antibiotic growth promoters (colistin and avilamycin) and another one as a control group fed with a 

basal diet. The control group was associated with the highest mortality (50%) although the difference to 

the two other groups (11.1% in both) was not statistically significant. It needs to be noted that the study 

had low statistical power (8, 9 and 9 piglets per group, respectively). The antibiotic treatment and green 

tea groups had similar growth rates, which were higher than for the controls. The authors explain the 
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high mortality rate with a considerable increase of the incidence of the diarrhoea between one and two 

weeks after weaning but did not report these data. 

The alternatives that had a beneficial effect on growth comparable to animals fed with antibiotics were 

bamboo charcoal and vinegar and fermenting soy beans with Rhizopus. Charcoal is used to remove 

toxins from the body in human medicine and may produce the same effect in pigs. Soy is commonly 

found in animal feed and has to be treated before it can be used in order to remove toxins. Feed 

manufacturers could potentially ferment the soybean and substitute it for normal soy and growth 

promoters that they may add to the feed.  

 

OTHER ALTERNATIVES 

Many other alternatives to antibiotic usage for growth promotion and as a prophylactic treatment  have 

been studied, but not specifically in East and Southeast Asia. These alternatives include, among others, 

feed supplementation with animal plasma and proteins, clay or minerals such as zinc or copper, or 

alternative husbandry practices (Doyle, 2001). 

Several studies investigated the effect of spray-dried porcine plasma and pea protein or animal plasma 

supplemented with egg yolk antibody on an enterotoxigenic Escherichia coli (ETEC) challenge of early-

weaned pigs (Owusu-Asiedu et al., 2002, Owusu-Asiedu et al., 2003a, Owusu-Asiedu et al., 2003b). The 

results of these studies suggest that these additives may be used for mortality prevention and growth 

promotion by limiting the impact of ETEC.  

Song et al. (2012) carried out a study to investigate whether dietary clays could be used to alleviate 

diarrhoea in weaned pigs and they also estimated their impact on growth rates. They observed that, as a 

result of its adsorption capacity of toxic material, clay reduced the severity of diarrhoea, the amount of 

bacilli excreted and frequency of episodes of diarrhoea. It is generally recommended to supplement the 

diet with one to three percent of clay (Vondruskova et al., 2010). The dietary clays seem not to have any 

significant impact on the growth rate of the piglets (Song et al., 2012, Thacker, 2013). 

Some minerals such as zinc or copper are required by pigs at low level in support of normal growth. 

When provided at high concentration (2000 to 3000 ppm), zinc is known to improve growth 

performance (Hahn and Baker, 1993) and reduce diarrhoea incidence (Ou et al., 2007). The effect of zinc 

seemed significant only during the first few weeks after weaning while copper appeared beneficial even 

for later phases (Shelton et al., 2009). The mechanisms by which zinc and copper enhance growth rate 

are poorly understood (Jacela et al., 2010).  

Reducing antibiotic usage in pig production systems may require reconsidering some husbandry and 

dietary practices, although alternative feed supplements may compensate to some extent for the 

absence of antibiotic usage for the purpose of growth promotion or prophylaxis (Doyle, 2001). Apart 

from improving the cleanliness of the pigs’ environment, growth can be promoted and diseases 

prevented by avoiding weaning at low age and weight (Losinger et al., 1998, Svensmark et al., 1989), by 

segregating newly weaned pigs (Tang et al., 1999), by using three or more meals a day rather than 

restricting feed (Laine et al., 2008) or by favouring mashed or liquid meals (van der Wolf et al., 1999). 

Many other practices and feed additives have been tested as alternatives to antibiotics for promoting 

growth and preventing diseases (Vondruskova et al., 2010, Thacker, 2013), but they are too numerous 

to be described in this report. The most promising include non-digestible oligosaccharides used as 

prebiotics (Grizard and Barthomeuf, 1999), bacteriophages (Yan et al., 2010), essential oils (Li et al., 

2012) and lysozyme (Nyachoti et al., 2012). 
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CONCLUSIONS 

 

The development of antibiotic resistance involves many aspects of human behaviour and is now 

considered to be a major concern for human and animal health (Laxminarayan et al., 2013). As 

highlighted by the studies reviewed in this section, there is increasing interest in East and Southeast Asia 

to identify alternatives to antibiotics in order to prevent the occurrence of antimicrobial resistance and 

avoid the presence of antibiotic residues in meat. As a general conclusion, the studies reviewed in this 

report suggest that there are alternative strategies that promote growth and prevent diarrhoea to a 

certain extent. However, it has to be noted that some of these alternatives produce inconsistent results 

and that most of them are rarely as effective as antibiotics. Furthermore, it is striking that all studies 

focused only on the effectiveness of the alternatives without assessing explicitly the costs of the 

alternatives. Further research is therefore still required to identify cost-effective alternatives to 

antibiotics for promoting growth and preventing diseases. 
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A RISK ASSESSMENT STUDY TO IDENTIFY RISK MANAGEMENT STRATEGIES 

FOR THE CONTROL OF POST WEANING DIARRHOEA IN INTENSIVE AND 

SEMI-INTENSIVE PIG FARMS 

 

INTRODUCTION 

 

Piglet weaning is the process of withdrawing the supply of sows’ milk and of introducing piglets to what 

will become their adult diet. It occurs at around three weeks of age. This change introduces significant 

gastro-intestinal disturbances with diarrhoea referred to as post-weaning diarrhoea (PWD). PWD usually 

occurs during the first two weeks after weaning and is often associated with the proliferation of one or 

more enterotoxigenic strains of Escherichia coli (ETEC) in the gastrointestinal tract. On-farm outbreaks of 

PWD can result in over 50 percent of weaned piglets showing discharge of watery faeces. Severely 

affected pigs can die within a few days, whilst diarrhoea in surviving pigs will result in growth 

retardation (Svendsen et al., 1974, Sarmiento et al., 1988). The case fatality rate rarely exceeds 10 

percent of uncomplicated cases (Taylor, 1999). This disease therefore represents one of the major 

economic constraints for the pig industry. Antibiotics have long been used as growth promoter to 

control PWD in intensive pig farms. Although this antibiotic usage has been banned in Europe since 1 

January 2006 to prevent the occurrence of resistant strains, it seems to be still in use in many East and 

Southeast Asian countries. To control PWD without antibiotics, several alternatives have been proposed 

including the vaccination of sows, the supplementation of the feed with zinc oxide, probiotics, clay 

minerals or the improvement of the management and dietary practices at weaning. 

With the aim of supporting recommendations on antimicrobial usage to farmers and eventually to policy 

makers or regulatory authorities, the general objective of the work presented in this section was to 

assess the perceived effectiveness of selected alternatives to antimicrobials for the management of 

post-weaning diarrhoea (PWD) due to enterotoxigenic Escherichia coli (ETEC) in East and Southeast Asia. 

The specific objectives were to estimate the expected losses (in non-monetary terms) due to PWD in 

intensive and semi-intensive pig farms under different disease mitigation strategies, including using 

alternatives to antibiotics. In this section, we present a risk analysis of management practices for 

controlling PWD due to ETEC.  

 

MATERIALS AND METHODS  

 

OVERVIEW OF THE RISK ASSESSMENT METHODOLOGY 

The framework adopted here follows the methodology defined in the OIE Terrestrial Animal Health 

Code (OIE, 2012). Risk is defined as the combination of the probability of occurrence of an unwanted 

event involving a specified hazard and the resulting consequences. It can be evaluated using the 

established risk assessment methodology. Risk assessment is divided into a series of interrelated steps: 

release, exposure and consequence assessments. The release assessment evaluates the likelihood of the 

associated pathways leading to the release of a pre-defined hazard into a particular environment, and 

the exposure assessment evaluates the likelihood of exposure of a host to the hazard through the 

relevant risk pathways. The consequence assessment evaluates the putative consequences resulting 

from host exposure. In the OIE Animal Health Code, risk assessment and management are to be strictly 
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kept separate. In the current study, both were integrated, in that risk was evaluated given different risk 

management strategies. 

Because ETEC is an endemic pathogen in pig farms, release and exposure assessments were not relevant 

and their associated probabilities were assumed to be 1. The risk pathways leading to different types of 

outcomes as a consequence of exposure to ETEC are presented in Figure 3. The possible outcomes 

covered the whole possible spectrum of on-farm losses, from no impact at all to losses as a result of 

clinical disease (= PWD) and of subclinical disease. Losses included weaners dying because of clinical or 

subclinical infections by ETEC and losses due to low weight gain and low feed conversion in weaners 

clinically or subclinically infected with ETEC. Note that “standard weight” was not defined to allow this 

definition to fit different contexts. We aimed at estimating the risk of these different losses, as defined 

as the probability that each of these losses occur, given different risk mitigation strategies, and 

subsequently the associated economic impact in order to be able to compare the different mitigation 

strategies. 

A semi-quantitative risk assessment was conducted (Fournie et al., 2014), as a fully quantitative 

approach would have required more detailed information than was available. The conditional 

probabilities associated with each pathway step were assessed semi-quantitatively using an expert 

opinion elicitation. Prior to the elicitation, probability categories were defined and a numerical range 

was assigned to each category (Table 8). An online survey was developed, tested by four pig experts 

from the Royal Veterinary College (RVC) and sent to members of the Animal Production and Health 

Commission for Asia and the Pacific (APHCA) and to Asian collaborators of the RVC. The experts were 

asked to assess each conditional probability. For standardising the on-farm losses, the survey also 

included five questions on the relative economic impact of each type of loss. An integrated impact score 

could therefore be estimated for each management practice allowing the comparison of their 

effectiveness. The different management scenarios that were evaluated were: (1) no specific risk 

mitigation measure (=baseline scenario), (2) supplementation of the feed with antibiotics (colistin and 

sulfadimidine), (3) vaccination of the sows, (4) supplementation of the feed with zinc oxide and clay 

minerals and (5) combination of good husbandry and dietary practices at weaning. For the latter 

scenario, the practices included provision of at least two meals per day (not ad-libitum), low protein 

diet, mashed feed, mean pig live weight at weaning at least 7 kg, no more than 20 weaners per pen, and 

weaning at four weeks of age. 
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FIGURE 3: RISK PATHWAYS ASSOCIATED WITH DIFFERENT POSSIBLE OUTCOMES AS A RESULT OF EXPOSURE TO 

ENTEROTOXIGENIC ESCHERICHIA COLI IN INTENSIVE AND SEMI-INTENSIVE PIG FARMS. 

 
TABLE 8: PROBABILITY CATEGORIES AND THEIR ASSOCIATED NUMERICAL RANGE 

Category Numerical range Interpretation 

Negligible [0; 0.0001[ Event is so rare that its probability cannot be differentiated from 

zero 

Very low [0.0001; 0.01[ Event is very rare 

Low [0.01; 0.1[ Event is rare 

Moderate [0.1; 0.5[ Event occurs sometimes 

High [0.5; 0.8[ Event occurs often 

Very high [0.8; 1] Event occurs almost always 

 

QUESTIONNAIRE DEVELOPMENT 

The questionnaire was developed in English and created electronically using the software 

SurveyMonkey® (available at: WWW.SURVEYMONKEY.COM). An introduction section contained the 

informed consent information and explained the purpose of the survey. It was also explicitly specified 

that the responses would be treated anonymously. Experts were then asked to assess their own level of 

expertise and to specify in which Asian country they have expertise. The likelihood of each outcome 

associated with exposure to ETEC for each management strategy was evaluated using closed questions. 

http://www.surveymonkey.com/
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The respondents had to estimate the likelihood of occurrence of each step involved in the risk 

assessment using pre-defined probability categories (Table 8). In addition, for each question, the 

respondents were asked to evaluate the confidence they had in their answer (Table 9). Finally, the 

respondents were asked to evaluate the economic impact of each type of outcome relative to the 

impact of the death of a piglet which was given the arbitrary score of 10. The questionnaire received 

ethical approval from the RVC ethics committee. We tested the agreement of experts’ answers using the 

Fleiss’ kappa statistics (Fleiss, 1971). Finally, the answers given by the expert were checked for 

consistency: if an expert attributed a higher risk to any of the four risk mitigation scenarios than the 

baseline scenario (not involving any risk mitigation), their responses were considered to be inconsistent 

and therefore removed from the analysis. 

 

TABLE 9: CONFIDENCE CATEGORIES 

Confidence 

category 

Interpretation 

Low level of 

confidence 

As an expert, you have no experience of the event. There are scarce or no data 

available. Evidence is not provided in peer-reviewed references but rather in 

unpublished reports or is based on observations or personal communication. 

Authors report conclusions that vary considerably between them. 

Moderate level of 

confidence 

As an expert, you have limited experience of the event. There are some but 

incomplete data available. Evidence is provided in a small number of peer-

reviewed references. Authors report conclusions that vary from one another. 

High level of 

confidence 

As an expert, you have experienced multiple episodes of the event. There are 

sound and complete data available. Sound evidence is provided through multiple 

references. Authors report similar conclusions. 

 

MODEL IMPLEMENTATION AND OUTCOMES 

Each type of loss was assigned one or more probability categories by aggregating the opinions of 

individual experts. For each question, the experts who provided the two most extreme answers were 

removed from the analysis to prevent potential outliers from unduly influencing model outcomes. The 

minimum and maximum numerical probabilities of these aggregated results were used as model input 

variables for obtaining minimum and maximum risk estimates, respectively. Median risk estimates were 

generated through stochastic simulations. For each simulation, an expert was randomly selected and all 

probabilities involved along a particular sequence of risk pathway steps were randomly sampled in their 

corresponding likelihood range. To incorporate the confidence respondents had in their answers, the 

probability value of a parameter was sampled only in the chosen category if the confidence was high, in 

the interval comprising the chosen category, the category before and the category after if the 

confidence was low or moderate. For low and moderate confidence, a sampling weight of 2 and 3, 

respectively was attributed to the chosen category whilst a weight of 1 was attributed to the two 

neighbouring categories. The same process was applied for the economic impact of each type of loss. 

The estimation of the median risks was based on 10 000 iterations. All risk estimates were weighted by 

their economic impacts and then added up to provide an integrated measure of the effectiveness of the 

scenarios. Numerical minimum, median and maximum risk estimates were then converted back into 

probability categories according to Table 1, but the measure of the effectiveness remained quantitative. 
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RESULTS AND DISCUSSION 

 

DESCRIPTION OF RESPONDENTS 

The questionnaire was distributed to a wide range of experts through the APHCA website (Figure 4) and 

to individual experts known by the researchers involved in the study. In total, 12 experts provided 

complete answers that could be used for further analyses. These experts were from five different Asian 

countries, namely China (4 respondents), Thailand (4), Philippines (2), Viet Nam (1) and Malaysia (1). 

Two, five and five of these respondents specified they had a low, medium and high level of expertise, 

respectively. The two respondents with a low level of expertise were removed from the analysis. One 

additional respondent provided inconsistent answers to the questionnaire: this respondent indicated 

that the control scenarios were associated with greater losses than the baseline scenario. This 

respondent was also removed from the analysis. 

 

 

FIGURE 4: THE QUESTIONNAIRE WAS ADVERTISED ON THE APHCA WEBSITE FOR ABOUT 2 MONTHS (SCREENSHOT OF THE 

WEBSITE ACCESSED ON 11 APRIL 2014) 

 

GENERAL RESULTS OF THE RISK ASSESSMENT 

The impact of the management practices used for controlling PWD in intensive pig farms was assessed 

by comparing the median, minimum and maximum risks for each type of possible outcome between the 

five aforementioned risk management scenarios (Figure 5, 6 and 7). Most risk value ranges 

encompassed at least four risk categories (from negligible to moderate or high), reflecting the high 

uncertainty associated with the estimation of the conditional probabilities in each scenario (overall, 66% 

of the responses were associated either with a moderate or a low confidence). 

We first compared the risk of the different disease outcomes between the five scenarios (Figure 3). The 

baseline scenario is clearly associated with the highest risk of clinical and subclinical post-weaning 

diarrhoea since the related minimum, median and maximum risks associated with that scenario are 

equal to or higher than the minimum, median and maximum risks associated with any other 

intervention scenario. It is worth noting that the maximum risk for clinical and subclinical PWD 

associated with vaccination is also “very high”. All other mitigation strategies are associated with a risk 

of clinical infection ranging from “negligible” to “high” with a median risk at “very low”, and with a risk 

of subclinical infection ranging from “negligible” to “high” with a median risk at “low”. The lower bound 

of the range of the probability of a pig not becoming infected was estimated to be “moderate” when 

antibiotics (scenario 2) or zinc oxide, probiotics and clay minerals (scenario 4) are added to the feed, or 
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under the implementation of good management and dietary practices (scenario 5). In contrast, the 

minimum probability of a pig not becoming infected was negligible under the baseline and the 

vaccination scenarios. 

 

 

FIGURE 5: THE RISK OF THE DIFFERENT DISEASE OUTCOMES AS A RESULT OF EXPOSURE TO ENTEROTOXIGENIC STRAINS OF 

ESCHERICHIA COLI FOR THE FIVE DIFFERENT RISK MANAGEMENT SCENARIOS. DOT: MEDIAN ESTIMATE. BAR: RANGE FROM THE 

MINIMUM TO THE MAXIMUM VALUES. 

 

Consistently, the risks of production outcomes are systematically more important for the baseline 

scenario than for any other management scenario since the median and the upper bound of the risk 

associated with the baseline scenario are consistently the highest (Figures 4 and 5).  

The median risk that a pig develops clinical PWD syndrome and dies because of it was estimated as 

“low” for the baseline scenario, as “very low” for the feed supplementation with antibiotics and the 

vaccination scenarios and as “negligible” for the feed supplementation with zinc oxide, probiotics and 

clay minerals and the good management and dietary practice scenarios (Figure 6). For the four risk 

management scenarios, this risk was estimated to range from “negligible” to “high” while it ranged from 

“negligible” to “very high” for the baseline scenario.  

Regarding the risk of death following subclinical infection, all median risks were estimated at “very low” 

(Figure 7). The lowest maximum risks were estimated at “moderate” for the vaccination and the feed 

supplementation with zinc oxide and clay minerals scenarios, while it ranged up to “high” for the other 

scenarios. 

For each risk management scenario, the risk of heavy growth retardation and the risk of light growth 

retardation were similar. The median risk of growth retardation (heavy or light) subsequent to clinical 

disease was estimated at “negligible” for the feed supplementation with zinc oxide and clay minerals 

scenario and the good management and dietary practices scenario, while it was estimated as “very low” 
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for the antibiotic supplementation and the vaccination scenarios, and at “low” for the baseline scenario. 

For these risks, all maximum risks were estimated at “high” or “very high”. Although good management 

and dietary practices appeared to be a potential alternative to limit growth retardation subsequent to 

clinical infection (the median risk was estimated at “negligible” on Figure 4), the median risks of growth 

retardations following subclinical infections associated with this scenario increased to “low” and were 

equal to the equivalent losses associated with the baseline scenario (Figure 5). 

The scenario involving feed supplementation with zinc oxide and clay minerals (scenario 4) was the only 

scenario that was consistently associated with the lowest minimum, median and maximum risk for each 

type of end-loss (Figures 6 and 7). As such it could be considered as an effective way of controlling PWD 

at farm level, and a potential alternative to antibiotics. Note that this approach was found to be more 

likely associated with subclinical disease (median risk is “low”) than with clinical disease (median risk is 

“very low”). We emphasize that when interpreting these results, extreme caution is necessary since the 

uncertainty around median estimates is very large. 

 

 

FIGURE 6: THE RISK OF THE DIFFERENT TYPES OF PRODUCTION OUTCOMES ASSOCIATED WITH CLINICAL POST-WEANING 

DIARRHOEA AS A RESULT OF EXPOSURE TO ENTEROTOXIGENIC STRAINS OF ESCHERICHIA COLI FOR THE FIVE DIFFERENT RISK 

MANAGEMENT SCENARIOS. DOT: MEDIAN ESTIMATE. BAR: RANGE FROM THE MINIMUM TO THE MAXIMUM VALUES. 

 



 

26 

 

 

FIGURE 7: THE RISK OF THE DIFFERENT TYPES OF PRODUCTION OUTCOMES ASSOCIATED WITH SUBCLINICAL DISEASE AS A 

RESULT OF EXPOSURE TO ENTEROTOXIGENIC STRAINS OF ESCHERICHIA COLI FOR THE FIVE DIFFERENT RISK MANAGEMENT 

SCENARIOS. DOT: MEDIAN ESTIMATE. BAR: RANGE FROM THE MINIMUM TO THE MAXIMUM VALUES. 

 

When standardising these losses by weighting them using their economic value as estimated by the 

survey respondents, all risk management scenarios were associated with smaller median losses than the 

baseline scenario (Figure 8 left), leading to economic benefits for each one of them (Figure 8 right). 

Since the range of benefits estimated for each strategy strongly overlapped each other (Figure 8 right), it 

can be concluded that none of the modelled risk management scenarios appears to be superior to the 

others.  

 

FIGURE 8: (LEFT) RELATIVE ECONOMIC IMPACTS OF POST-WEANING DIARRHOEA DUE TO ENTEROTOXIGENIC STRAINS OF 

ESCHERICHIA COLI IN INTENSIVE PIG FARMS FOR THE FIVE RISK MANAGEMENT SCENARIOS; (RIGHT) RELATIVE LOSSES AVERTED 

OF EACH RISK MANAGEMENT SCENARIO COMPARED WITH THE BASELINE SCENARIO. B: BASELINE SCENARIO (NO SPECIFIC RISK 

MANAGEMENT MEASURES); 1: ANTIBIOTICS IN FEED; 2: VACCINATION; 3: FEED SUPPLEMENTATION; 4: GOOD MANAGEMENT 

AND DIETARY PRACTICES 
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VARIABILITY AMONG EXPERTS 

Using Fleiss’ kappa statistic, the null hypothesis of absence of agreement between experts (i.e. total 

randomness of the answers) was rejected at the confidence level of 5% (p-value<0.001). In Table 10, the 

median farmers’ losses are presented for each risk management scenario by disaggregating experts’ 

answers. 

Answers given by one of the three respondents with a high level of expertise (expert 1) were almost 

similar across the four risk management scenarios. The two other respondents with a high level of 

expertise (experts 2 and 3) provided more contrasted answers leading to high variation in risk and 

benefit estimates across all scenarios: for both of them, benefit estimates for scenarios 2, 3 and 4 were 

at least twice as high as for the antibiotic scenario. Expert 2 assessed that the benefits associated with 

scenarios 2, 3 and 4 were similar, while expert 3 assessed that scenario 3 (feed supplementation with 

zinc oxide, probiotics and clay minerals) was more beneficial than scenarios 2 and 4. 

Similar discrepancies were observed among experts with a medium level of expertise. One of them 

assessed that all scenarios were almost equally beneficial (expert 6), another expert clearly identified 

the antibiotic supplementation as being the most effective strategy to control PWD (expert 4), while two 

experts (experts 5 and 7) identified one of the other scenarios as being the most effective. 

Finally, experts with a low level of expertise (experts 8 and 9) expected the antibiotic supplementation 

strategy to be the least effective risk management strategy. 

The scenario involving feed supplementation with zinc oxide and clay minerals is the scenario most 

often identified as being the most effective across all experts and levels of expertise (Table 11). Note 

that this interpretation of results does not account for the relative importance of scenarios’ benefits 

between each other: a scenario is ranked as best if its associated benefit score is higher than those for 

other scenarios, regardless of the magnitude of the difference. Despite this limitation, it provides a 

simple approach to ranking the perceived effectiveness of each risk management scenario. 

To summarise, experts provided diverse risk estimates sometimes contradicting each other, even among 

experts with a high level of expertise. This may be due to the fact that the risk mitigation scenarios that 

were investigated in this study are associated with inconsistent effectiveness leading to a large variety of 

possible observations. This may also be the result of the general description of the risk mitigation 

scenarios. Finally, this can be due to the fact that experts did not have enough experience to answer the 

questions. As a consequence, this may jeopardize the interpretability of the results when pooling all 

experts’ answers. In any case, this highlights the uncertainty associated with the impact of the 

considered risk management scenarios on PWD and the need for more quantitative data in relation to 

the effectiveness of mitigation strategies for controlling PWD. 
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TABLE 10: MEDIAN FARMERS’ BENEFITS FOR EACH RISK MITIGATION SCENARIO. THE WILDCARDS REPRESENT THE LEVEL OF 

EXPERTISE OF EACH EXPERT: * LOW LEVEL OF EXPERTISE; **MEDIUM LEVEL OF EXPERTISE; ***HIGH LEVEL OF EXPERTISE. 

SCENARIO 1: ANTIBIOTICS IN FEED; SCENARIO 2: VACCINATION; SCENARIO 3: FEED SUPPLEMENTATION; SCENARIO 4: GOOD 

MANAGEMENT AND DIETARY PRACTICES 

Expert Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Expert 1*** 0.9 0.8 0.8 0.4 

Expert 2*** 0.1 0.2 0.2 0.2 

Expert 3*** 1.1 2.2 2.7 2.4 

Expert 4** 3.6 2.6 2.3 2.7 

Expert 5** 0.4 0.6 0.6 0.0 

Expert 6** 2.0 2.1 2.0 1.9 

Expert 7** 0.3 1.0 1.2 1.0 

Expert 8* 3.6 5.1 4.8 5.3 

Expert 9* 1.1 1.6 1.1 1.6 

 

TABLE 11: FREQUENCY THAT EACH SCENARIO IS IDENTIFIED AS BEING THE BEST WAY FOR CONTROLLING PWD IN A PIG FARM. 

SCENARIO 1: ANTIBIOTICS IN FEED; SCENARIO 2: VACCINATION; SCENARIO 3: FEED SUPPLEMENTATION; SCENARIO 4: GOOD 

MANAGEMENT AND DIETARY PRACTICES. NOTE THAT, PER LINE, THESE FIGURES DO NOT SUM ONE SINCE SOME RESPONDENTS 

MAY HAVE IDENTIFIED MORE THAN ONE SCENARIO AS BEING THE BEST. 

Expert Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Experts with high 

level of expertise 

1/3 (33%) 1/3 (33%) 2/3 (66%) 1/3 (33%) 

Expert with high or 

medium level of 

expertise 

2/7 (29%) 3/7 (43%) 4/7 (57%) 1/7 (14%) 

All experts 2/9 (22%) 4/9 (44%) 4/9 (44%) 3/9 (33%) 
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CONCLUSION 

 

We used a semi-quantitative risk assessment methodology based on expert opinion to estimate the 

effectiveness of different strategies for controlling post-weaning diarrhoea in East and Southeast Asia. 

These strategies included the use of antibiotics as feed supplement, the vaccination of sows against 

E. coli, the feed supplementation with zinc oxide and the use of good management and dietary 

practices. A scenario with no intervention was also considered in order to assess the benefits of each 

mitigation scenario. There was significant variability amongst experts’ responses (even for similar levels 

of expertise) which resulted in inconclusive results. Although the strategy involving feed 

supplementation with zinc oxide and clay minerals was associated with slightly lower risks of on-farm 

losses, the difference between this and the other scenarios was far from being significant.  

Scrutinising individual responses confirmed the results of the review of alternatives to antibiotics used 

as growth promoters or for prophylaxis where different studies produced contradictory results (section 

2 of this report). Indeed, experts’ responses were often inconsistent with some respondents identifying 

antibiotics as being the best approach for controlling PWD, others expecting all scenarios to have the 

same impact and finally some others believing that alternative scenarios are the most effective. Two 

respondents even provided answers that led to the conclusion that the baseline scenario (no control 

strategy) was the scenario associated with the lowest risk of PWD. As a consequence, using expert 

opinion for feeding a risk assessment model aiming at identifying effective alternatives to antimicrobials 

used as growth promoters or for prophylaxis may not yet be appropriate. Therefore, there is still the 

need for further experimental research to identify effective ways to promote growth and prevent post-

weaning enteric diseases without using antibiotics.  
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GENERAL CONCLUSION 

 

The review of alternatives to antibiotics used for growth promotion and disease prevention revealed 

that some of these approaches may improve the productivity of pig farms. However, findings from 

experimental research are often contradictory, and it therefore remains unclear whether these 

alternatives are similar to antibiotics in terms of effectiveness. The survey conducted among pig health 

experts also revealed that opinions greatly differ among them, with some experts believing that 

antibiotics are the most effective way to prevent disease and promote growth whilst others considering 

some alternatives such as feed supplementation with zinc oxide as being more effective. It is therefore 

not possible to come up with clear conclusion, other than that further research is required to assess 

potential known alternatives to antibiotics as well as to identify new alternatives. 

Improving the comparability of experimental studies will be of particular importance. Indeed, the 

variability of pig farming practices is likely to produce a wide range of different experimental 

environments associated with different stressors and pathogens, making it difficult to compare results 

across study settings. To do so, efforts should be made to harmonise the experimental study designs. A 

solution would be that a group of experts produces guidelines describing the technical aspects of how to 

conduct experimental studies for investigating the effectiveness of alternatives to antibiotics in pigs and 

to define the research priorities for the coming years. These experimental studies should then include 

field trials, since only then would it be possible to compare the impact of antibiotics and their 

alternatives on production in a variety of farming settings.  

All experimental studies that have been reviewed in this report focused on performance measures of 

alternatives to antibiotics without accounting for the costs of these alternatives. In order to promote the 

use of specific alternatives to antibiotics, it is also important to consider their cost, which means that 

their cost-benefit or cost-effectiveness needs to be assessed.  

Also, surveys using qualitative data collection methods should be conducted among farmers to explore 

their rationale for using antibiotics or their alternatives, how they perceive their impact, and to identify 

perceived barriers to the adoption of these alternatives. Indeed, an understanding of farmers’ decision 

making processes is needed to make sure that potential alternatives are not only economically but also 

socially beneficial, since that will also influence whether farmers will actually adopt them.  
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ANNEX: ONLINE QUESTIONNAIRE 

 

Page 1: 

Thank you for taking the time to complete this survey developed by the Royal Veterinary College, 

London (UK). This survey is part of a project commissioned by the Food and Agriculture Organization 

investigating the effectiveness of alternatives to antimicrobial usage in intensive and semi-intensive pig 

farms in the Asia-Pacific region. The answers you will provide will feed a semi-quantitative risk 

assessment model used for identifying potential alternatives to antimicrobial usage for controlling post-

weaning diarrhoea due to enterotoxigenic strains of Escherichia coli (E. coli). This survey should not take 

more than 30 minutes of your time. All the answers will be treated anonymously. 

By participating to this questionnaire, you agree that the answers you will provide will be analysed and 

used to produce reports and publications. 

Thank you very much for participating! 

 

Page 2: 

The general objective of this survey is to compare the impact of post-weaning diarrhoea (PWD) in an 

intensive pig farm across different disease management practices. 

Five different management practices will be investigated: 

   - baseline scenario with no specific measures implemented to control PWD 

   - Feed supplementation with antimicrobials (colistine and sulfadimidine)  

   - use of a vaccine in sows against Escherichia coli 

   - feed supplementation with zinc oxide and clay minerals 

   - use of good husbandry and dietary practices  

To answer the survey, you will have to assume a one-site intensive farrow-to-finish pig farm of more 

than 5000 pigs. The farmer is assumed to clean and disinfect as soon as a compartment is restocked. The 

management practice in use is described at the beginning of each page under the heading "Description 

of the scenario". For each scenario, you will be asked to answer to 7 questions and to specify the 

confidence you have in your answer. 

Thank you again for taking the time to participate. 

 

In which of the following countries are you familiar with the pig production and pig disease 

management? 

Cambodia 

China 

Indonesia 

Japan 

Lao PDR 

Malaysia 

Mongolia 

Myanmar 

Philippines 

South Korea 

Thailand 

Viet Nam 

None of them 



 

36 

Page 3: 

Description of the Baseline Scenario:  

In the farm, NO MEASURES are implemented to control specifically post-weaning diarrhoea due to 

enterotoxigenic Escherichia coli (ETEC). In particular, the food is supplemented neither with antibiotics 

nor with zinc oxide, the sows are not vaccinated against E. coli, and no particular husbandry nor 

dietary practices are used to control ETEC. 

+ QUESTIONS
2
 

 

Page 4: 

Description of Scenario 1:  

In the farm, post-weaning diarrhoea is controlled by supplementing the food given to the weaners 

with COLISTIN and SULFADIMIDINE. This feed supplementation is implemented to balance POOR 

HUSBANDRY AND DIETARY PRACTICES during weaning. 

+ QUESTIONS 

 

Page 5: 

Description of Scenario 2:  

In the farm, post-weaning diarrhoea is controlled by VACCINATING SOWS against E. coli the week 

preceding parturition. Immunity is supposed to be transmitted to the piglets via the colostrum. This 

vaccination is implemented to balance POOR DIETARY AND MANAGEMENT PRACTICES during 

weaning. 

+ QUESTIONS 

 

Page 6: 

Description of Scenario 3:  

In the farm, post-weaning diarrhoea is controlled by supplementing the food WITH ZINC OXYDE (at a 

concentration that respects the legislation) AND CLAY MINERALS. This feed supplementation is 

implemented to balance POOR DIETARY AND MANAGEMENT PRACTICES during weaning. 

+ QUESTIONS 

 

 

 

 

 

                                                                 

2
 The series of questions to be asked for each scenario is reported later in this document under the sub-heading 

“Questions” 
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Page 7: 

Description of Scenario 4:  

In the farm, post-weaning diarrhoea is controlled by using the following DIETARY PRACTICES for 

weaners: 

   - at least 2 meals per day (not ad-libitum) 

   - low protein diet (less than 180 g of protein per Kg of food) 

   - amino-acids supplementation 

   - mashed feed 

 

The following MANAGEMENT PRACTICES are also used: 

   - the mean pig live weight at weaning is at least 7 Kg 

   - no more than 20 weaners per pen 

   - weaning at four weeks 

   - PRRS vaccination for gestating sows 

 

+QUESTIONS 

 

QUESTIONS 

Assuming that enterotoxigenic Escherichia coli strains (ETEC) are endemic in the farm, what is the 

likelihood of a WEANER BECOMING INFECTED? (6 levels: Negligible/ Very 

low/Low/Moderate/High/Very high) 

What level of confidence would you associate to your previous answer? (3 levels: Low/Medium/High) 

Assuming that enterotoxigenic Escherichia coli strains (ETEC) are endemic in the farm, what is the 

likelihood of an INFECTED WEANER DEVELOPING POST-WEANING DIARRHOEA (PWD)? (6 levels: 

Negligible/ Very low/Low/Moderate/High/Very high) 

What level of confidence would you associate to your previous answer? (3 levels: Low/Medium/High) 

Assuming that a weaner developed PWD due to an ETEC infection, what is the likelihood of it DYING 

BECAUSE OF PWD? 

What level of confidence would you associate to your previous answer?  

Assuming that a weaner developed PWD due to an ETEC infection and survived, what is the likelihood 

of it REACHING THE END OF THE PRODUCTION CYCLE AT A STANDARD WEIGHT? 

What level of confidence would you associate to your previous answer?  

Assuming that a weaner developed PWD due to an ETEC infection and survived, what is the likelihood 

of it REACHING THE END OF THE PRODUCTION CYCLE AT A WEIGHT LOWER THAN 80% OF THE 

STANDARD WEIGHT? 

What level of confidence would you associate to your previous answer?  

Assuming that a weaner was sub-clinically affected by an ETEC strain, what is the likelihood of it DYING 

BECAUSE OF THE SUBCLINICAL ETEC INFECTION? 

What level of confidence would you associate to your previous answer?  
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Assuming that a weaner was sub-clinically affected by an ETEC strain and survived, what is the 

likelihood of it REACHING THE END OF THE PRODUCTION CYCLE AT A WEIGHT LOWER THAN 80% OF 

THE STANDARD WEIGHT? 

What level of confidence would you associate to your previous answer?  

 

Page 8: 

Assuming that the death of a weaner represents an economic loss of 10 for the farmer, what would be 

the economic loss associated with a pig which ends its production cycle at a weight LOWER THAN 80% 

OF ITS STANDARD WEIGHT? 

What level of confidence would you associate to your previous answer? 

Assuming that the death of a weaner represents an economic loss of 10 for the farmer, what would be 

the economic loss associated to a pig which ends its production cycle at a weight BETWEEN 80% OF ITS 

STANDARD WEIGHT AND ITS STANDARD WEIGHT? 

What level of confidence would you associate to your previous answer? 

 

Page 9: 

Thanks a lot for your valuable time to participate to this survey! 

The results of the risk assessment will be available shortly. 

 


