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Abstract 

Introduction of an animal viral disease, especially a notifiable disease, into an importing country or region free from the 

disease may lead to serious epidemiological consequences and economic losses. Trade in live animals is historically considered  

one of the most important risk pathways. To estimate the magnitude of such risk, the likelihood of a virus’ entry into a country and 

the consequences of this event should be jointly evaluated. Depending on data availability, the urgency of the problem and the 

detail level of the objectives, a risk assessment may be conducted in a qualitative, semi-quantitative or quantitative way. The 

purpose of this review was firstly to provide a brief description of each step of the risk analysis process, with particular emphasis 

on the risk assessment component, and subsequently to supply examples of different approaches to the assessment of the risk of 

the introduction of selected animal viral diseases. Based on the reviewed models, the overall likelihood of introduction of particular 

diseases was generally estimated as low. The output risk value was strongly dependent on the duration of the silent phase of the 

epidemic in the country of origin. Other parameters with some bearing upon the risk derived from the epidemiological situation in 

the country of origin and the biosecurity or mitigation measures implemented in the country of destination. The investigated models 

are universal tools for conducting assessment of the risk of introduction of various animal diseases to any country. Their application 

may lead to timely implementation of appropriate measures for the prevention of the spread of a disease to another country or region. 
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Introduction 

International trade in animals and their products is 

associated with a certain level of risk of introduction of 

an infectious animal disease into an importing country. 

Since the Agreement on the Application of Sanitary and 

Phytosanitary Measures (the SPS Agreement) came into 

force in 1995, countries which are members of the World 

Trade Organization (WTO) have been obliged to comply 

with its requirements, which are aimed at protecting 

human and animal health from such risk (36). The 

protective measures applied in a member country should 

be based on international standards, or if no such 

standards have been established or a higher level of 

protection is required, the measures should be dictated 

by science-based risk analyses. Such standards, 

guidelines and the framework for conducting an import 

risk analysis (IRA) are included in the World 

Organisation for Animal Health (OIE) Terrestrial 

Animal Health Code (the Code) (35). 

The purpose of this review is to provide a brief, 

literature-based description both of the main steps of the 

risk analysis process with particular reference to risk 

assessment components and of examples of the 

application of the process to the risk of introduction of 

animal viral diseases into importing countries through 

the import of live animals. 

Import risk analysis 

Import risk analysis is a process helping to identify 

and manage the potential risk of infectious disease 

introduction associated with international trade in 
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animals and their products. It should be conducted in  

a transparent manner and documented comprehensively 

at each step. Import risk analysis consists of the following 

components: hazard identification, risk assessment, risk 

management and risk communication. The relationship 

between these components is diagrammatised in Fig. 1. 

 

Fig. 1. The components of an import risk assessment. Source: World 

Organisation for Animal Health (OIE) Terrestrial Animal Health Code 

(35), modified 

 

 

Hazard identification. This is the first step of the 

risk analysis process. Its purpose is to state if the 

importation of live animals is associated with a potential 

hazard using a dichotomous (yes/no) scale. It includes 

identifying the infectious agent and taking into account 

its various strains and variants and its capacity to cause 

infection in different animal species. Hazard 

identification requires knowledge of the epidemiological 

situation in an exporting country. Information on the 

hazards (including their occurrence and distribution) is 

available in the scientific literature, epidemiological 

studies and surveillance reports, especially in the case of 

notifiable diseases, of which each suspicion of 

occurrence is investigated and notified to the competent 

authorities of the destination country. 

Risk assessment. In this step, the likelihood of the 

infectious agent’s introduction into an importing country  

 

and the consequences are evaluated. This process is 

subdivided into four steps: (a) entry (release) 

assessment, (b) exposure assessment, (c) consequence 

assessment and (d) risk estimation. It is usually preceded 

by the schematising of the risk pathway depicting all 

possibilities of the infectious agent’s introduction or 

indicating relevant risk factors. The relationship 

between the steps of the risk assessment process and 

how the steps correspond to stages on the pathway of 

infectious agent introduction from exporting to 

importing country is presented in Fig. 2. 

Entry (release) assessment encompasses the 

description of the pathway through which the pathogen 

may be introduced into a particular animal 

subpopulation in an importing country. The pathway 

may be illustrated using a scenario tree. The probability 

may depend on various factors: biological (the species, 

age, and health condition of the animals), country-

related (the pathogen’s prevalence and the existence of 

vaccination, surveillance and control programs in the 

exporting country, e.g. testing and quarantine regimes) 

and commodity-related (the quantity of animals 

imported, possibility of contamination, and the impact 

of transport). Exposure assessment, in turn, spans the 

description of the pathway through which the animal 

population in an importing country may be exposed  

to an identified hazard and the probability estimation  

of this event. Various factors may influence the 

probability, such as the duration and frequency of 

exposure, properties of the infectious agent, presence  

of potential vectors, and animal demographics. 

Consequence assessment comprehends the description 

of consequences which may occur after the exposure of 

a particular subpopulation to the infectious agent and the 

probability of their occurrence. The potential 

consequences can be divided into those which are direct, 

such as the number of sick or dead animals and 

production losses, and those which are indirect, such as 

the cost of surveillance or implementation of additional 

preventive measures (e.g. treatment, vaccination, 

preventive culling, etc.) and the losses related to  

an export ban or export restrictions. Risk estimation 

comprises the results from all three of the above 

elements, which are used to evaluate the overall risk 

associated with the identified hazard. 

 

 
Fig. 2. The pathway of infectious agent spread overlaid with the steps of the risk assessment process. Source: Peeler and Taylor (26), 

modified 
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Fig. 3. A risk matrix enabling the final level of risk to be defined by adjusting the probability 

of pathogen introduction by consequence severity. Source: Food and Agriculture Organization 
of the United Nations (12) 

 

 

 
Fig. 4. An example of a flow chart for deciding if a disease poses a risk to the importing country. Source:  
Roberts et al. (27), modified 

 

Various types of approach may be taken depending 

on the objectives, data availability and urgency of the 

questions under consideration. The model may be used 

for the assessment of either a single-pathogen or 

multiple-pathogen introduction. Single- or multiple-risk 

pathways may be considered. The risk may be assessed 

qualitatively, semi-quantitatively or quantitatively.  

In a qualitative risk assessment, both components of the 

risk, i.e. the likelihood of pathogen introduction and its 

consequences are described using the terms negligible, 

very low, low, moderate, high, or very high and subsequently 

both components are jointly evaluated (12) (Fig. 3). 

In semi-quantitative risk assessment, values are 

assigned to qualitative estimates using weights or 

probability ranges and are subsequently combined using 

a mathematical operation. The output is expressed  

as a score. The model’s structures are usually applicable 

to several infectious diseases. For instance, a tool 

developed by the UK Department for the Environment, 

Food, and Rural Affairs was suitable for rapid 

assessment of an infectious disease introduction risk  

via various risk pathways such as legal and illegal trade 

in live animals and animal products, transport (and 

fomites), and movement of vectors and wildlife. The 

final risk level is estimated by combining the scores 

obtained from answers to a set of questions which 

address the steps in the process of infectious agent 

introduction (27) (Fig. 4). 

Quantitative risk assessment requires that  

a mathematical model be developed numerically linking 

all steps of the risk pathway (33). The magnitude of risk 

is also expressed numerically. This estimation may be 

deterministic (yielding a single output value such as  

an average, median, expected case, or worst case) or 

stochastic (giving a set of possible output values taken 

by the random variable). The basis for the development 

of the stochastic risk assessment model is a sequence of 

events expressed using conditional probabilities and 

subsequently computed according to the formula 

𝑃(𝑂) = 𝑃(𝐼 ∩ 𝑋) = 𝑃(𝐼) ∙ 𝑃(𝑋|𝐼) 

where: 

𝑃(𝑂) is the probability of disease outbreak in  

a destination country following the importation of 

animals, 

𝑃(𝐼) is the probability that at least one animal is 

infected when it crosses the border of a destination 

country 

and 𝑃(𝑋|𝐼) is the probability of exposure, 

transmission, infection and occurrence of disease in  

a destination country, given that at least one animal is 

infected when it crosses that country’s border (22). 

The epidemiological characteristics of the 

particular viral disease and the objectives of the risk 

assessment being conducted are not constants, and 

therefore the set of events included in a model may differ 
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greatly from the generic model presented above. The 

extension of risk pathways through the addition of new 

elements or their reduction to the most significant part 

(the part generating the highest risk) is very common. 

The framework of these models assumes that the 

introduction probability follows a binomial process  

(22, 31). According to the OIE handbook (35), one-level 

and multilevel binomial probabilistic models are 

typically used for the estimation of the probability of  

an infectious agent’s introduction into a country or 

region via importation of live animals. The main 

difference between these two types of model is the 

selection of animals for importation from the exporting 

country. In the one-level model, animals are selected 

from one single population (a country, region, or flock), 

in contrast to its multilevel counterpart, in which the 

population is subdivided into subsets (flocks or herds) 

and there is a two-stage selection, i.e. initially the herd 

is selected and then the animals within that particular 

herd are chosen (25). The probability of selection of  

at least one infected animal may be calculated according 

to the formula for one-level models 

𝑃 = 1 − (1 − 𝑝)𝑛  

where: 

𝑝 is the prevalence of infection in the population 

and 𝑛 is the number of animals selected, 

or the formula for multilevel models 

𝑃 = 1 − [1 − 𝐻𝑃(1 − (1 − 𝑝)𝑛)]ℎ  

where: 

𝐻𝑃 is the herd level prevalence, 

𝑝 is the prevalence of infection in a herd, 

𝑛 is the number of animals selected from a herd 

and ℎ is the number of chosen herds. 

As was shown, the one type of model can be 

implemented validly as an alternative to the other (31). 

Since slight differences in the outcomes of the 

aforementioned approaches were observed (the 

correlation between results from one- and multilevel 

models was R=0.94), the implementation of the more 

comprehensive method is preferred when data 

concerning the number and distribution of animal herds 

in an exporting country is available. However, the 

application of the simpler method may be sufficient 

when the exact value of risk is not required. 

As alternatives to using these two models, ordinal 

one-level and multilevel models can be applied to rank 

exporting countries by the risk that they pose to  

an importing country (31). The same ranking was 

obtained using a quantitative and an ordinal model, and 

the correlations between these two rankings were perfect  

at R=1. The ranking may be computed through the 

pairwise comparison of the ratio between the values of 

𝑝 and 𝑛 for the one-level model and 𝐻𝑃 and ℎ for the 

multilevel model as follows: 

If 𝑝𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 > 1/𝑛𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 country 1 

poses a higher risk than country 2. 

If 𝑝𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 = 1/𝑛𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 country 1 

poses the same risk as country 2 

where: 𝑝𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 = 𝑝𝑐𝑜𝑢𝑛𝑡𝑟𝑦1/
𝑝𝑐𝑜𝑢𝑛𝑡𝑟𝑦2;  𝑛𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 = 𝑛𝑐𝑜𝑢𝑛𝑡𝑟𝑦1/𝑛𝑐𝑜𝑢𝑛𝑡𝑟𝑦2. 
If 𝐻𝑃𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 > 1/ℎ𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 country 1 

poses a higher risk than country 2. 

If 𝐻𝑃𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 = 1/ℎ𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 country 1 

poses the same risk as country 2 

where: 𝐻𝑃𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 = 𝐻𝑃𝑐𝑜𝑢𝑛𝑡𝑟𝑦1/
𝐻𝑃𝑐𝑜𝑢𝑛𝑡𝑟𝑦2;  ℎ𝑐𝑜𝑢𝑛𝑡𝑟𝑦1,𝑐𝑜𝑢𝑛𝑡𝑟𝑦2 = ℎ𝑐𝑜𝑢𝑛𝑡𝑟𝑦1/ℎ𝑐𝑜𝑢𝑛𝑡𝑟𝑦2. 

Risk management. The aim of the risk 

management process is to reduce the risk from the 

assessed level to an acceptable level through the 

application of sanitary measures. The measures chosen 

should be those which ensure the appropriate level of 

protection, i.e. the measures striking the best balance 

between minimising the possibility or at least the 

frequency of pathogen introduction and exerting 

negative effects on trade. 

Risk communication. This is a continuous process 

which begins with hazard identification and is continued 

throughout all steps of the risk analysis process. During 

this process, information and opinions on both the 

potential hazard and the risk posed by it are gathered and 

the results of the conducted analysis are communicated 

to all stakeholders in the importing and exporting 

countries. 

Examples of IRA application 

Data sources. The information required for the 

definition or numerical description of model input 

parameters is obtained from various data sources such 

as: expert opinion, the OIE, the World Animal Health 

Information System, the Animal Disease Information 

System for disease outbreak occurrence data, the Trade 

Control and Expert System for trade volume data 

between countries of interest, the European Statistical 

Office, the Food and Agriculture Organization 

Corporate Statistical Database for agriculture data and 

livestock statistics, and scientific literature for disease-

related information. 

Risk models. The risk of introduction of several 

infectious viral diseases of animals into an importing 

country has already been assessed quantitatively using 

probabilistic models (2, 3, 6, 9, 11, 13, 14, 15, 17, 18, 

19, 20, 21, 23, 29, 30, 32, 34). The step prior to the 

models’ development was the formulation of the chain 

of events needed for the entry into and possible further 

spread within the specific population of the virus of 

interest in an importing country (13, 14, 29). The events 

were expressed as probability distributions. The Monte 

Carlo method was used to generate draws from these 

distributions. 

Most of the models were designed to assess the risk 

related only to the legal import of live animals; however, 

certain models combined it with other potential entry 

pathways. As an example, multiple-risk pathways were 

taken into account in the assessment of the risk of 

classical swine fever (CSF) introduction into the United 
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States, Spain, Denmark and other selected EU member 

countries. Similarly, more than one pathway for African 

swine fever’s (ASF) introduction into the United States 

and the Republic of Korea (3, 6, 9, 15, 20) was 

incorporated into assessments. It was also considered in 

the risk assessment of the internal spread of foot and 

mouth disease (FMD) from areas at risk to those free of 

the disease in Argentina (17). 

Not all the models included the full set of the three 

components of risk assessment, i.e. entry (release) 

assessment, exposure assessment and consequence 

assessment. Unrestricted risk assessment consisting only 

in the calculation of the probability of at least one 

infected animal reaching a country through international 

trade was performed in the majority of the models. This 

probability was assumed to follow a binomial process. 

The multilevel binomial model was used for the risk 

assessment of highly pathogenic avian influenza and 

Newcastle disease’s  introduction into Spain via legal 

import of live poultry (29, 30). This model was 

subsequently adapted to the assessment of the risk for 

Poland (13). The multilevel binomial model was also 

used to estimate the probability of low pathogenic avian 

influenza virus’s (LPAIV) introduction into Poland and 

CSF’s into Denmark (3, 14). The one-level binomial 

model, in turn, was applied to the risk assessment of the 

introduction of CSF and of several other viral infectious 

diseases such as Aujeszky’s disease, FMD, and ASF  

(6, 9, 15, 17, 18, 19, 20, 21, 23). As export is suspended 

at the moment of notification of a disease in a country or 

region, in general the models were developed under the 

assumption that the introduction of a virus is possible 

only during the silent phase of an epidemic, which is the 

time period from the first infection to the detection of the 

disease in the country of origin. 

The estimated probability of a virus introduction 

into the countries where these modelling studies were 

carried out varied from negligible to high (in several 

cases). The movement of fattening and breeding pigs has 

proven to be the most likely (<21%) route of Aujeszky’s 

disease virus introduction into free areas in Spain (18). 

The probability of classical swine fever virus (CSFV) 

introduction into EU member states via import of pigs 

and pork products, returning livestock trucks and contact 

with wild boars was high for several countries: as  

an example, it was shown that the Netherlands can 

expect on average one CSF outbreak every 18 years in 

line with this multiple-risk pathway model (9). 

Introductions of CSFV into Spain through pig and wild 

boar movement, foot and mouth disease virus (FMDV) 

into the Malaysia–Thailand–Myanmar peninsula through 

livestock movement and LPAIV into Poland through 

importation of poultry were also likely scenarios and 

might cause one outbreak approximately every 9, 9 and 

11 years, respectively (14, 20, 34). In contrast, the 

probability of highly pathogenic avian influenza virus 

(HPAIV) introduction into Spain and Poland via poultry 

trade was almost negligible and one outbreak 

respectively every 735 and 326 years would be expected 

to occur in these two countries (13, 29). A very low 

probability of Newcastle disease virus’ (NDV) 

introduction into Spain via this risk pathway would also 

be expected (on average one outbreak every 196 years) 

(30). Legal import of live pigs has not posed a risk of 

African swine fever virus’ (ASFV) or CSFV’s 

introduction into EU member states (one outbreak to be 

expected every 192 years) nor of these viruses’ 

introductions into the United States (the estimated value 

of probability associated with the legal import of pigs 

and swine products corresponded to one outbreak of 

ASF every 276 and one of CSF every 201 years)  

(15, 23). Similarly, the probability of FMDV’s 

introduction into Spain and the United States associated 

with importation of live animals was low (equivalent on 

average to one introduction every 40 and 241 years, 

respectively) as was the probability of this virus’ 

introduction into new Argentinian regions associated 

with movement of animals within the country (one 

introduction every 169 years for sheep and goat 

movements and every 143 years for swine) (17, 19, 21). 

The probabilities of bovine viral diarrhoea virus’ 

(BVDV) introduction into the Netherlands through 

cattle imports and of BVDV and bovine herpesvirus 1’s 

(BoHV-1) introduction into several regions within Spain 

through animal movements were, in turn, very 

heterogeneous in differing greatly between herd types 

(2, 32). 

Among the input parameters of the models, some 

of the most influential were the ones associated with the 

epidemiological situation in the country of origin, such 

as inter- and intra-herd prevalence (2, 3, 14, 17, 18, 23) 

and the expected number of outbreaks before the 

detection of a disease (3, 23). The other weighty 

parameters were the ones associated with the mitigation 

of risk through the implementation of biosecurity 

measures in the destination country, such as 

quarantining animals (2, 15, 19), serological testing (17) 

or disinfecting animal transport vehicles (2, 3, 9). The 

disease-related parameters of length of the infectious 

period of a subclinically infected flock (14), probability 

of survival of an infected animal (23) and probability of 

the presence of detectable signs of infection during 

quarantine (34) also altered the introduction probability 

output value. This probability also differed greatly 

between different species of animals: for instance, 

animals carrying a virus asymptomatically posed  

a higher risk of introducing a disease because of the 

possibility of viral infection going undetected in their 

herd in the country of origin and subsequently during 

shipment or even the quarantine period. 

The risk of infectious disease introduction was also 

assessed qualitatively (5). For example, the possibility 

of ASFV introduction into the United States and 

subsequent establishment in feral swine or native ticks 

was evaluated. Each of the potential routes of the virus’ 

introduction was described and the designed prevention 

measures were outlined. According to this study, the 

routes of concern were the legal or illegal importation of 
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live animals (or their products) and a bioterrorism event 

(4). The risk of CSFV introduction was assessed  

at regional level in the EU (8). To this end, all potential 

pathways of virus introduction into particular regions 

within the EU were taken into consideration and 

described using the pathway diagram. The conceptual 

framework for risk estimation comprising the relations 

between introduction, spread, prevention, control and 

expected economic losses was described. The results of 

the qualitative risk assessment suggest that movement of 

pigs during the incubation period of a disease, vehicles 

used for animal transport and human contacts are the 

main transmission paths (8). Transboundary spread of 

other pig diseases through international trade and travel 

was also depicted. The potential pathways of 

introduction and exposure were described. What was 

indicated as the main cause of a virus’ introduction was 

the movement of infected animals from a country in 

which the presence of disease had not yet been 

confirmed and which still therefore officially had 

disease-free status. This may have led to the spread of  

a disease on a farm in a destination country or during 

slaughter (through inadequate barriers to fomite 

transmission) (1). Semi-quantitative rather than 

qualitative models were used to assess the risk of ASFV 

introduction into Finland and Belgium (16, 28). To this 

end, the NORA and Pandora rapid risk assessment tools 

were developed. Based on replies to a set of questions, 

emergence and consequence scores were prescribed and 

an overall risk score was calculated as their product. The 

assessed risk was low (a low probability of entry with  

a high severity of consequences) for Belgium and high 

(a high probability of entry with a high severity of 

consequences) for Finland. The highest score was for 

products of animal origin and for live animals. A generic 

risk assessment tool (including the outputs of two 

quantitative, three semi-quantitative and one  qualitative 

model) was used to estimate the risk for the Netherlands. 

Based on the results derived from the models, the live 

animal trade pathway posed a higher risk to the 

Netherlands than to Finland (10). 

Different IRA have been conducted using 

heterogeneous methods (7). Depending on the situation, 

either qualitative or quantitative approaches may be used 

and both types of method have been approved by the 

OIE. However, each has certain advantages and 

disadvantages. The quantitative methods, especially the 

stochastic ones, indisputably provide more precise and 

reliable output, given the frequent uncertainty and 

variability of input parameters. Typically, the models 

include a sensitivity analysis or test selected alternative 

scenarios (for example, the worst-case scenario), 

enabling both the identification of the most influential 

input parameters and the estimation of their impact on 

the output value of the introduction probability. It can be 

very useful, for instance, for exploring the impact of 

selected risk mitigation measures. However, the 

development of a quantitative model requires more data 

and is a time-consuming process. Another limitation of 

quantitative risk assessment models may be associated 

with rapid unnoticed changes in the epidemiological 

situation in an exporting country, which may lead to 

underestimation of the probability of a disease’s 

occurrence in the country of origin. Particularly, because 

of the fact that many risk models were the most sensitive 

to the prevalence of infection. This type of quick change 

in epidemiological situation occurred in Lithuania in 

2014, when the export of 1,704 ready-for-slaughter pigs 

to Poland took place only two days before the detection 

of an ASF outbreak on the same farm (1). Similarly, 

before a ban on exportation was imposed, CSF spread 

from the Netherlands to Italy and Spain through the 

shipment of infected piglets in 1997 (1). 

The qualitative and semi-quantitative methods may 

lead to arbitrary results, but they are simpler and may be 

more appropriate when a rapid estimation of risk is 

necessary. These methods may also be used as  

a preliminary evaluation of risk to decide if it should be 

measured with a more precise technique. 
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