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Summary

Animal health risk assessment is one of the key tasks of Veterinary Services. There are well-
established protocols created by the World Organisation for Animal Health and Codex
Alimentarius Commission for assessing risk. The areas covered include terrestrial and aquatic

animals and zoonotic infectious diseases, food safety, and environment at the interface.

Much effort has been made in developing methods to estimate the probability of, and the
consequences of infectious disease incursion to disease-free countries through legal or illegal trade
or via the movements of insects and wildlife. Additional efforts have been made in the design of
prevention strategies and contingency plans. Concerns about possible pandemics of avian
influenza continue to be important motivation for monitoring viruses for selection of vaccine
candidate strains. The recent COVID-19 pandemic has a zoonotic nature and caused extreme
confusions to the world. Tools are becoming available for quantitative food safety risk
assessments for bacteria, toxins, viruses, and antimicrobial resistance genes, including tools that
allow simulations for the selection of effective control options. The application of participatory
techniques facilitates the conduct of risk analysis in low- and middle-income countries. In
internationally established frameworks, risk assessment has been considered a first step towards
eradication of important infectious diseases in endemic countries; such assessments contribute to
the reduction of disease risks. Quantitative and qualitative socio-economic and behavioural studies
have been developed to design risk management options that may be acceptable and sustainable

for the actors throughout value chains.
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Introduction

Animal health risk assessment is one of the key tasks of Veterinary Services. Risk is a probability
of occurrence of an unfavourable event and its impact (1), and is a highly useful concept for
management of terrestrial and aquatic animals and of zoonotic diseases. Trade in livestock and
commodities of animal origin are vital to the global economy and have effects on the
intensification of livestock systems of exporting countries. However, an importing country faces
the risks of introduction of disease into domestic animal populations, and of food-borne diseases
(FBDs) into the domestic human population; such risks must be carefully assessed before approval
of importation. Such risks are encountered even when working within the legal framework for
import/export trade. For instance, a recent risk assessment report suggested that the spread of
African swine fever (ASF) into western and eastern European countries was due to legal trade in
pigs and to the movement of wild boar, respectively (2). Moreover, pork products contaminated
with ASF virus are being illegally carried in international passengers’ luggage, as demonstrated by
detection at customs check points in the international airports of several ASF-free countries (3).
The risk from illegal importation of meat and meat products is not a new discussion, as outbreaks
of foot and mouth disease (FMD), ASF, classical swine fever (CSF), and swine vesicular disease
in countries formerly free from these diseases have been attributed to the feeding of waste meat to
domestic pigs (4, 5, 6, 7, 8).

Over 60% of pathogens infecting humans are zoonotic (9), and terrestrial and aquatic animal-
source foods are the most important causes of FBDs in humans. Health authorities are generally
responsible for the prevention and control of FBDs, but under the One Health concept, Veterinary
Services are important stakeholders in conducting food safety risk assessments, particularly at the
production phase. The global threat of antimicrobial resistance (AMR) is associated with FBDs,
but AMR is a much more complex problem due to relationships with antimicrobial use (AMU) in
animals, mobile genetic elements, and factors in humans, including travel, antimicrobial

availability, nosocomial infection, and immune status.

Hereafter, risk assessment frameworks, their challenges and benefits, and the latest developments

in this field are discussed.
Frameworks for risk assessment

There are useful frameworks of risk analysis for Veterinary Services in designing, implementing,
and evaluating risk management. The World Organisation for Animal Health (OIE) import risk
analysis framework consists of hazard identification, risk assessment, risk management, and risk

communication (Fig. 1) (10).
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Hazard identification involves identifying the pathogenic agents that potentially could produce
adverse consequences associated with the importation of a commodity. Risk assessment comprises

four steps, including:

- release assessment (or entry assessment): assessing the probability of introduction of the agent

with the commodity

- exposure assessment: the probability of exposure of the agent to the animal population of the

importing country

- consequence assessment: the magnitude of the consequence caused to the importing country

(e.g. expected final size of the infection, number of animals to be culled, or economic damage)
- risk estimation: an integration of the three assessments.

The assessment results can be presented either qualitatively (for example, extremely high, high,
medium, low, extremely low, and negligible) or quantitatively. When the qualitative approach is
taken, overall risk can be assessed using a risk estimation matrix, by identifying the cell where the
probability row and the consequence column meet (Fig. 2). There is no uniform format for

conducting a risk assessment, and the approaches can be flexible.

The OIE import risk analysis framework has been applied to AMR (11). In the risk assessment for
AMR, release assessment evaluates the probability of selection of AMR bacteria by the use of
antimicrobials at a farm, exposure assessment examines the probability that an individual ingests
the AMR bacteria of animal-source food origin, and consequence assessment shows the effect of
AMR in reducing the efficacy of antimicrobials that a physician may prescribe for a patient
infected with the agent. The consequences can include an increase in days of illness, or an

elevation in the deaths due to poor drug efficacy against the infection.

Another useful framework is the Codex Alimentarius Commission (CAC) risk analysis framework
for food safety. The CAC risk analysis comprises three components: risk assessment, risk
management, and risk communication, as summarised in Figure 3. The risk assessment starts
when a food safety problem with an associated hazard is identified and a health authority decides
to commission an assessment, which requires a clear statement of the specific purpose of the
analysis. The risk assessment consists of four steps: hazard identification, hazard characterisation,
exposure assessment, and risk characterisation. Hazard identification is the identification of
biological, chemical, and physical agents that are capable of causing adverse health effects, and
that may be present in a particular food or group of foods covered by the assessment. Hazard

characterisation is the qualitative and/or quantitative evaluation of the nature (e.g. severity and
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duration) of the adverse health effects associated with those agents. If data are available, a dose-
response assessment should be performed. Exposure assessment is the qualitative and/or
quantitative evaluation of the likely intake of the agent via food, as well as exposures from other
sources, if relevant. The quantitative information may include the frequency and volume of
ingestion of the food by the population. The prevalence and concentration of the agent gives the
actual frequency and volume of the agent consumed. Risk characterisation is the qualitative and/or
quantitative estimation, including uncertainties, of the probability of occurrence and severity of
known or potential adverse health effects in a given population based on hazard identification,
hazard characterisation, and exposure assessment (12). The CAC guidelines for risk analysis of
AMR also have been published (13). In this framework, AMU at farms, selection of AMR

bacteria, and ingestion of the bacteria are included in the exposure assessment.
Challenge and benefits of risk assessment frameworks

The risk assessment frameworks are powerful tools for identifying and understanding the steps of
how a disease event occurs in animal and/or human populations. Usually, a qualitative assessment
may be conducted at the beginning of a risk assessment. This exercise is very useful for
identifying knowledge gaps before proceeding to quantitative analysis, and for discussing the
range of the risk assessment to be addressed, even if the risk question has been stated clearly. A
quantitative risk assessment further provides the relevant authorities with a quantitative prediction
of the risk, reduction of disease burden, and costs and time taken with a priori uncertainty for

designed control options.

Risk assessment is complicated by several common challenges. One such challenge is a lack of
information for risk assessment. Shortcomings may include unintroduced surveillance and
monitoring schemes, failure to reliably maintain the data collection during surveillance, illegal and
informal activities that escape legal monitoring frameworks, and gaps in biological and technical
knowledge. A second challenge is the high level of quantitative skills required for reliable
quantitative risk assessment. As research progresses on biology, socio-economics, and ecology,
increasingly complex but very useful findings for risk assessment are discovered on a daily basis.
The risk assessors always have to be developing new approaches to facilitate the needs of the risk
manager, who in turn must be aware of such scientific developments and international discussions.
This challenge also requires the risk manager to maintain current and correct understanding of
technical developments in the field. A third challenge is that of assembling a good risk assessment
team, one that includes high-standard experts of different backgrounds who can respond to such
needs. A fourth challenge is engagement with real-world conditions to facilitate realistic risk

assessment, which can provide the authorities with information for practical considerations in risk
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management. Finally, an excellent risk assessment may not result in designing and implementing
effective risk management, unless careful and dedicated risk communications with stakeholders,
sometimes including general population are taken. All of these challenges are associated with
resource availability in each country; international cooperation is critically important for low- and
middle-income countries, as well as for high-income countries, to provide a reduction in global

disease risk.

Latest developments in animal health and food safety risk
assessments

As described above, OIE import risk analysis may be implemented in any OIE member countries,
permitting management of the risk from hazards associated with formal trade in animals and
livestock products among OIE Members. However, illegal import of livestock, meat and meat
products can pose significant risks to the livestock industry and public health. The framework of
quantitative risk assessment through illegally imported meat was proposed in 2006 (15); this
framework was applied soon thereafter to assess the risks from illegal importation to the United
Kingdom (UK) of meat contaminated with FMD (4). The risk from illegally imported bushmeat
also has been the subject of attention (8), as wild animals are a large and uncharacterised reservoir
of unknown zoonotic and non-zoonotic disease agents (16). To overcome the lack of information
on the numbers of illegal importation events and detailed travel records, the estimated weight of
pork products in air passenger’s luggage has been used in calculating the risk of ASF and CSF
entry into the United States of America (USA) and Japan (3, 17).

Infectious disease modelling has had a long history since the development of the Kermack and
McKendrick susceptible/infectious/recovered (SIR) model (18). Detailed predictive models were
developed during the 2001 FMD outbreaks in the UK to understand the patterns of disease spread,
and to plan and evaluate proposed control policies (19, 20, 21). Later, simulation models for FMD
were used to assess the consequences of FMD virus entry into FMD-free countries (22), and a
spatial and stochastic computer programme, InterSpread Plus, became available for epidemic
contingency planning for infectious diseases such as FMD, avian influenza, and CSF (23). More
recent transmission network models have combined genomic and epidemiological data to

reconstruct transmission patterns (who infected whom) during infectious disease outbreaks (24).

Bluetongue (BT) has a significant global distribution in regions where the insect vector,
Culicoides, is present (25), and the qualitative risk assessment for BT virus entry into the UK
considered scenarios that incorporated incursion and overwintering of the vector, as well as the
spread of the virus in animal populations in central and northern Europe (26). The use of detailed

entomological and ecological study results may increase precision and preparedness in risk
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management for vector-borne diseases, including BT (27). Additional scenarios, including future

predictions of the effects of climate change, are becoming available (28).

The world is currently suffering from a pandemic of SARS coronavirus 2 (SARS-CoV-2).
Similarities in genome sequences suggest that SARS-CoV-2 may have originated in animals such
as pangolins (29) and bats (30), and animal health is critically important in preparing for future
pandemics in humans. Highly pathogenic avian influenza has caused several pandemics in the
recent past, and the Influenza Risk Assessment Tool (IRAT) was developed by the Centers for
Disease Control and Prevention of the USA. The Influenza Risk Assessment Tool permits
assessment of the potential pandemic risk posed by influenza A viruses that are not currently
circulating in people, facilitating decision-making for pre-pandemic vaccine production (31). The
IRAT consists of ten evaluation criteria across three categories: properties of the virus, attributes
of the population, and ecology and epidemiology (31), involving assessments of both animals and
humans. The H7N9 avian influenza A viruses have caused human infection, notably via exposure
in live bird markets in China since 2013 (32), and the H7N9 viruses isolated in Hong Kong and
Shanghai in 2016 and 2017 were assessed as having moderate-high risk to cause pandemics (33).
The Tool for Influenza Pandemic Risk Assessment (TIPRA), which involves the assessments of
three components (the hazard, the possible exposure to the hazard, and the context in which the
event is occurring), was modelled in 2016 after the development of IRAT (34). The TIPRA was
intended to provide a standardised and transparent approach to support the risk assessment of

influenza viruses with pandemic potential.

Understanding of the value chain greatly helps in predicting disease spread. A social network
analysis in poultry market chains in southern China was found to be useful in risk-based
surveillance for avian influenza (35), and network analysis has been elaborated further to calculate
probabilities of infection at live bird markets and subsequent spread in Vietnam, considering the
dynamics of poultry movement in that country (36). The volume of poultry trade has seasonal
variations, and changes in the risk of avian influenza spread in poultry in Thailand has been
analysed using exponential random graph models (37). In other work, a combination of network
analysis in poultry value chain and genome analysis has provided a clear picture of the risk of

avian influenza spread in China (38).

Risk analysis, particularly OIE import risk analysis, has been used in the management of aquatic
animal health for international trade and for the spread of diseases between rivers, from farmed to
wild stocks and vertical transmission, and disease emergence (39, 40). Ecological risk assessments
have been conducted for antibiotics applied in fish farms and derived from hospital waste, looking

at the effects on aquatic bacteria, green algae, invertebrates, and fish (41, 42). Contamination of
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ocean with plastics is a global issue, and risk assessments have been conducted for physical and

chemical toxicity in humans through ingestion of microplastics in seafood (43).

Animal health risk assessment also is used for reducing disease risks in endemic countries. The
Progressive Control Pathway for FMD control starts with risk assessment including value chain
analysis, and based on the results, a national control programme is designed and implemented. The
goal is to achieve and maintain freedom from FMD without vaccination. This process is jointly
supported by the Food and Agriculture Organization of the United Nations, the OIE, and the

Global Framework for the Progressive Control of Transboundary Animal Diseases (44).

Risk assessment has been applied for the harmonisation of multi-state policy. For instance, the
countries of western Europe were declared free of rabies in nonflying mammals in 2015, following
the risk assessment for travel-associated rabies in pets and residual rabies (45). This declaration
indicates that costly post-exposure prophylaxis can be avoided, permitting optimisation of

resource allocation (45).

A large number of cost-benefit analysis studies have been conducted for FMD control and
eradication programmes (46). Cost-benefit ratio and risk can be considered together. The OIE
import risk assessment and disease modelling have been applied for cost-benefit analysis on the
scenario of rabies incursion in a disease-free country where mandatory dog rabies vaccination
persists (47, 48). In a rabies-endemic country, Chad, a cost effectiveness study showed that the
average cost per disability-adjusted life year (DALY) averted becomes cheaper than solely relying
on post-exposure prophylaxis in humans in five years after implementation of dog rabies

vaccination (49).

Disease control in outbreaks of exotic animal disease causes social and psychological impacts
among farmers (50, 51) and veterinarians (52, 53). Assessment tools such as Impact of Event
Scale-Revised for post-traumatic stress disorder (54) and Kessler 6 (K6) and K10 for
psychological distress (55), based on a self-administered questionnaire about associated
symptoms, are available and have been used for assessing the psychological impacts of animal
disease outbreaks (51, 52).

The methodology of CAC quantitative microbiological risk assessment (QMRA) for Salmonella
in eggs and broiler chickens was developed in 2002, following two years of international efforts in
data collection (data used for analysing the dose-response relationship were obtained from
outbreak investigation records in Japan since 1997) and analysis (56). Since the establishment of
this methodology, many QMRAs have been conducted; however, such risk assessments represent

a large challenge in countries where informal food chains dominate the food supply, and
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surveillance data are scarce. Participatory risk analysis offered a new paradigm to bring
communities and food safety implementers together in assessing and managing risks in informally
marketed animal-source foods, considering gender and other socio-economic aspects (57). Using
participatory techniques, structures of formal and informal value chains were identified, and
QMRASs suggested points of intervention at the farm, processing, distribution, and household
levels (58, 59, 60). For example, a participatory QMRA for staphylococcal food poisoning through
consumption of raw dairy milk and homemade yoghurt found that traditional fermentation reduced
93.7% of the risk, and interventions at farm such as mastitis control and milking hygiene are
effective (58). Another example of participatory QMRA for salmonellosis in smallholder pig value
chains in urban of Vietnam involving risk factor analysis and an experiment identified intervention
points: weak biosecurity at farms, lack of clear separation between lairage and slaughter area in
slaughterhouses, presence of flies and wiping pork with a cloth at pork shops, and use of same
cutting board between raw and cooked pork in households (60, 61, 62). Quantitative risk
assessment has been applied for toxins (63) using the OIE framework, and for viruses (64) using
the CAC framework, although finding sound dose-response relationships is a challenge. In 2015,
the World Health Organization estimated the global burden of foodborne diseases in 2010 as 33
million DALYs, a value comparable to the °‘big three’ infectious diseases of human
immunodeficiency virus, acquired immunodeficiency syndrome (HIV/AIDS) (92 million
DALYs), malaria (55 million DALYS), and tuberculosis (44 million DALY's) in 2012 (65).

The first quantitative risk assessment for AMR used a potential linear relationship between the
proportion of chicken meat contaminated with fluoroquinolone-resistant Campylobacter and the
number of human cases (66). However, AMR involves complex resistance mechanisms, including
mobile resistance genes. The OIE risk assessment framework has been used to qualitatively assess
the risks of pleuromutilin use in swine in Denmark, and this assessment incorporated co-selection
of other AMR than pleuromutilin, multiple pathogens, and human-to-human transmission,
including foodborne transmission (enterococci) and occupational exposure (methicillin-resistant
Staphylococcus aureus) (67). A large number of AMR risk assessments have been conducted
using the CAC framework as well (68). Mathematical modelling has started to be used to quantify
the behaviour of resistance genes (69); however, it has been argued that existing gaps in our
knowledge of AMR biology preclude the accurate use of such techniques (70). An individual-
based simulation model was used for the quantitative release assessment of mcr-mediated colistin-
resistant Escherichia coli from pigs, which enabled a priori assessments of intervention effects of

different management options (71).

While guidelines and techniques for quantitative risk assessments continue to advance rapidly, the

science related to the relevant behaviour of humans also is being developed; such behavioural
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analyses are expected to effectively reduce the risks. Systems approaches consider resource
allocation, cost-effectiveness, and behavioural aspects of actors along the livestock supply chain;
these behaviours may change dynamically, in non-linear ways, over time (72, 73), and can predict
the applicability of intervention programmes in terms of economics. At the farm level, analyses
have been conducted to evaluate decision-making processes in the context of farm biosecurity;
such an approach may help in designing targeted intervention programmes (74). The ‘nudge’
theory, which describes how individuals can be encouraged to act in ways that produce net social
benefits without restricting freedom of choice, has been used to design intervention programs for
the actors along the pork value chain in Vietnam, thereby reducing the burden of FBD in that
country (75).

In the near future, several approaches such as QMRA, mathematical modelling, genome
sequencing, quantitative and qualitative socio-economics, and even artificial intelligence, all may
be integrated into risk assessment to improve animal and public health while enhancing

participation by the actors in the livestock and animal industries, as well as by communities.
References

1.  Vose D. (2008). — Risk analysis: a quantitative guide, 3rd Ed. John Wiley & Sons Ltd,
Chichester, United Kingdom. Available at: www.wiley.com/en-
us/Risk+Analysis%3A+A+Quantitative+Guide%2C+3rd+Edition-p-9780470512845
(accessed on 24 March 2021).

2. Taylor R.A., Condoleo R., Simons R.R.L., Gale P., Kelly L.A. & Snary E.L. (2020). — The
risk of infection by African swine fever virus in European swine through boar movement
and legal trade of pigs and pig meat. Front. Vet. Sci, 6, Article No. 486.
doi:10.3389/fvets.2019.00486.

3. Ito S., Jurado C., Sanchez-Vizcaino J.M. & Isoda N. (2020). — Quantitative risk assessment
of African swine fever virus introduction to Japan via pork products brought in air
passengers’ luggage. Trans. Emerg. Dis., 67 (2), 894-905. doi:10.1111/tbed.13414.

4, Harnett E., Adkin A., Seaman M., Cooper J., Watson E., Coburn H., England T., Marooney
C., Cox A. & Woodbridge M. (2007). — A quantitative assessment of the risks from illegally

imported meat contaminated with foot and mouth disease virus to Great Britain. Risk Anal.,
27 (1), 187-202. doi:10.1111/§.1539-6924.2006.00869 .x.

5. Biront P., Castryck F. & Leunen J. (1987). — An epizootic of African swine fever in Belgium
and its eradication. Vet. Rec., 120 (18), 432—434. doi:10.1136/vr.120.18.432.

29.06.21 (15:06) 9/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 10

10.

11.

12.

13.

14.

Mansley L.M., Dunlop P.J., Whisteside S.M. & Smith R.G.H. (2003). — Early dissemination
of foot-and-mouth disease virus through sheep marketing in February 2001. Vet. Rec., 153
(2), 43-50. doi:10.1136/vr.153.2.43.

Mansley L.M., Donaldson A.l.,, Thrusfield M.V. & Honhold N. (2011). — Destructive
tension: mathematics versus experience — the progress and control of the 2001 foot and
mouth disease epidemic in Great Britain. /n Models in the management of animal diseases
(P. Willeberg, ed.). Rev. Sci. Tech. Off. Int. Epiz., 30 (2), 483-498.
doi:10.20506/rst.30.2.2054.

Falk H., Diirr S., Hauser R., Wood K., Tenger B., Lortscher M. & Schiipbach-Regula G.
(2013). — Tllegal import of bushmeat and other meat products into Switzerland on
commercial passenger flights. Rev. Sci. Tech. Off. Int. Epiz., 32(3), 727-739.
doi:10.20506/rst.32.2.2221.

Taylor L.H., Latham S.M. & Woolhouse M.E.J. (2001). — Risk factors for human disease
emergence. Philos. Trans. Roy. Soc. Lond., B, Biol. Sci, 356 (1411), 983-989.
doi:10.1098/rstb.2001.0888.

World Organisation for Animal Health (OIE) (2017). — Section 2. Risk analysis. In
Terrestrial Animal Health Code, 26th Ed. OIE, Paris, France.

World Organisation for Animal Health (OIE) (2017). — Chapter 6.11. Risk analysis for
antimicrobial resistance arising from the use of antimicrobials in animals. /n Terrestrial
Animal Health Code, 26th Ed. OIE, Paris, France.

Codex Alimentarius Commission (CAC) (2013). — Codex Alimentarius Commission
Procedural Manual, 21st Ed. CAC, Rome, Italy, 214 pp. Available at:
www.fao.org/3/i3243¢/i3243e.pdf (accessed on 24 March 2021).

Codex Alimentarius Commission (CAC) (2011). — Guidelines for risk analysis of foodborne
antimicrobial resistance (CAC/GL 77-2011). CAC, Rome, Italy, 29 pp. Available at:
www.fao.org/input/download/standards/11776/CXG _077e.pdf (accessed on 24 March
2021).

Makita K., de Haan N., Nguyen-Viet H. & Grace D. (2019). — Assessing food safety risks in
low and middle-income countries. /n Encyclopedia of food security and sustainability, 1st
Ed. (P. Ferranti, E. Berry & A. Jock, eds). Elsevier, Amsterdam, The Netherlands, 448—453.
doi:10.1016/B978-0-08-100596-5.21576-X.

29.06.21 (15:06) 10/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 11

15.

16.

17.

18.

19.

20.

21.

22.

23.

Woodridge M.H.E., Cox A. & Seaman M. (2006). — Quantitative risk assessment case study:
smuggled meats as disease vectors. /n Biological disasters of animal origin. The role and
preparedness of veterinary and public health services (M. Hugh-Jones, ed.). Rev. Sci. Tech.
Off. Int. Epiz., 25 (1), 105-117. doi:10.20506/rst.25.1.1651.

Wolfe N.D., Daszak P., Kilpatrick A.M. & Burke D.S. (2005). — Bushmeat hunting,
deforestation, and prediction of zoonotic disease. Emerg. Infect. Dis., 11 (12), 1822-1827.
doi:10.3201/eid1112.040789.

Jurado C., Paternoster G., Martinez-Lopez B., Burton K. & Mur L. (2018). — Could African
swine fever and classical swine fever viruses enter into the United States via swine products
carried in air passengers’ luggage? Trams. Emerg. Dis., 66 (1), 166-180.
doi:10.1111/tbed.12996.

Kermack W.0. & McKendrick A.G. (1927). — A contribution to the mathematical theory of
epidemics. Proc. Roy. Soc. Lond., A, 115 (772), 700-721. doi:10.1098/rspa.1927.0118.

Ferguson N.M., Donnelly C.A. & Anderson R.M. (2001). — The foot-and-mouth epidemic in
Great Britain: pattern of spread and impact of interventions. Science, 292 (5519), 1155—
1160. doi:10.1126/science.1061020.

Keeling M.L., Woolhouse M.E., Shaw D.J., Matthews L., Chase-Topping M., Haydon D.T.,
Cornell S.J., Kappey J., Wilesmith J. & Grenfell B.T. (2001). — Dynamics of the 2001 UK

foot and mouth epidemic: stochastic dispersal in a heterogeneous landscape. Science, 294
(5543), 813-817. doi:10.1126/science.1065973.

Morris R.S., Wilesmith J.W., Stern M.W., Sanson R.L. & Stevenson M.A. (2001). —
Predictive spatial modelling of alternative control strategies for the foot-and-mouth disease
epidemic in Great Britain, 2001. Vet. Rec., 149 (5), 137-144. doi:10.1136/vr.149.5.137.

Carpenter T.E., Christiansen L.E., Dickey B.F., Thunes C. & Hullinger P.J. (2007). —
Potential impact of an introduction of foot-and-mouth disease into the California State Fair.
J. Am. Vet. Med. Assoc., 231 (8), 1231-1235. doi:10.2460/javma.231.8.1231.

Stevenson M.A., Sanson R.L., Stern M.W., O’Leary B.D., Sujau M., Moles-Benfell N. &
Morris R.S. (2013). — InterSpread Plus: a spatial and stochastic simulation model of disease
in animal populations. Prev. Vet. Med., 109 (1-2), 10-24.
doi:10.1016/j.prevetmed.2012.08.015.

29.06.21 (15:06) 11/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 12

24.

25.

26.

27.

28.

29.

30.

31.

32.

Firestone S.M., Hayama Y., Bradhurst R., Yamamoto T., Tsutsui T. & Stevenson M.A.
(2019). — Reconstructing foot-and-mouth disease outbreaks: a methods comparison of
transmission network models. Sci. Rep., 9, Article No. 4809. doi:10.1038/s41598-019-
41103-6.

World Organisation for Animal Health (OIE) (2020). — Bluetongue. OIE, Paris, France.
Available  at:  www.oie.int/en/animal-health-in-the-world/animal-diseases/bluetongue/
(accessed on 5 August 2020).

Department for Environment, Food and Rural Affairs (DEFRA) (2015). — Risk assessment
for Bluetongue Virus (BTV) entry into the United Kingdom: Qualitative risk assessment.
DEFRA, London, United Kingdom, 25 pp. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment dat
a/file/437167/qra-btv-europe-201506.pdf (accessed on 8 January 2021).

Jacquet S., Huber K. [...] & Garros C. (2016). — Range expansion of the Bluetongue vector,
Culicoides imicola, in continental France likely due to rare wind-transport events. Sci. Rep.,
6, Article No. 27247. doi:10.1038/srep27247.

Jones A.E., Turner J., Caminade C., Heath A.E., Wardesh M., Kluiters G., Diggle P.J.,
Morse A.P. & Baylis M. (2019). — Bluetongue risk under future climates. Nat. Clim. Chang.,
9 (2), 153-157. doi:10.1038/s41558-018-0376-6.

Lam T.T.-Y., Jia N. [...] & Cao W.-C. (2020). — Identifying SARS-Cov-2-related
coronaviruses in Malayan pangolins. Nature, 583, 282-285. doi:10.1038/s41586-020-2169-
0.

Dabravolski S.A. & Kavalionak Y.K. (2020). — SARS-CoV-2: Structural diversity,
phylogeny, and potential animal host identification of spike glycoprotein. J. Med. Virol., 92
(9), 1690-1694. doi:10.1002/jmv.25976.

Cox N.J.., Trock S.C. & Burke S.A. (2014). — Pandemic Preparedness and the Influenza
Risk Assessment Tool (IRAT). /n Influenza Pathogenesis and Control, Vol. I. (R. Compans
& M.B.A. Oldstone, eds). Curr. Top. Microbiol. Immunol., 385. Springer, Cham,

Switzerland.

World Health Organization (WHO) (2017). — Analysis of recent scientific information on
avian influenza A(H7N9) virus, 10 February 2017. WHO, Geneva, Switzerland. Available

at:

29.06.21 (15:06) 12/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 13

33.

34.

35.

36.

37.

38.

39.

40.

www.who.int/influenza/human_animal_interface/avian_influenza/riskassessment AH7N9 2
01702/en/ (accessed on 6 August 2020).

Centers for Disease Prevention and Control (CDC) (2020). — Summary of Influenza Risk
Assessment Tool (TRAT) Results. CDC, Atlanta, United States of America. Available at:
www.cdc.gov/flu/pandemic-resources/monitoring/irat-virus-summaries.htm (accessed on 6
August 2020).

World Health Organization (WHO) (2016). — Tool for Influenza Pandemic Risk Assessment
(TIPRA). Version 1 Release. WHO, Geneva, Switzerland, 60 pp. Available at:
www.who.int/influenza/publications/TIPRA manual v1/en/ (accessed on 29 March 2021).

Martin V., Zhou X., Marshall E., Jia B., Fusheng G., FrancoDixon M.A., DeHaan N.,
Pfeiffer D.U., Soares Magalhaes R.J., Gilbert M. (2011). — Risk-based surveillance for avian

influenza control along poultry market chains in South China: the value of social network
analysis. Prev. Vet. Med., 102 (3), 196-205. doi:10.1016/j.prevetmed.2011.07.007.

Fourni¢ G., Tripodi A., Nguyen T.T.T., Nguyen V.T., Tran T.T., Bisson A., Pfeiffer D.U. &
Newman S.H. (2016). — Investigating poultry trade patterns to guide avian influenza
surveillance and control: a case study in Vietnam. Sci. Rep., 6, Article No. 29463.
doi:10.1038/srep29463.

Poolkhet C., Makita K., Thongratsakul S. & Leelehapongsathon K. (2018). — Exponential
random graph models to evaluate the movement of backyard chickens after the avian
influenza crisis in 2004-2005, Thailand. Prev. Vet Med., 158, 71-77.
doi:10.1016/j.prevetmed.2018.07.015.

Yang Q., Zhao X., Lemey P., Suchard M.A., Bi Y., Shi W., Liu D., Qi W., Zhang G.,
Stenseth N.C., Pybus O.G. & Tian H. (2020). — Assessing the role of live poultry trade in

community-structured transmission of avian influenza in China. Proc. Nat. Acad. Sci. USA,
117 (11), 5949-5954. doi:10.1073/pnas.1906954117.

Peeler E.J. Murray A.G., Thebault A., Brun E., Giovaninni A. & Thrush M.A. (2007). — The
application of risk analysis in aquatic animal health management. Prev. Vet. Med., 81 (1-3),
3-20. doi:10.1016/j.prevetmed.2007.04.012.

Arthur J.R. & Bondad-Reantaso M.G. (2012). — Introductory training course on risk analysis

for movements of live aquatic animals. Food and Agriculture Organization Sub-Regional

29.06.21 (15:06) 13/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 14

41.

42.

43.

44,

45.

46.

47.

48.

Office for the Pacific Islands, Apia, Samoa, 176 pp. Available at:
www.fao.org/3/i12571e/i2571e.pdf (accessed on 29 March 2021).

Andrieu M., Rico A., Phu T.M., Huong D.T.T., Phuong N.T. & Van den Brink P.J. (2015). —
Ecological risk assessment of the antibiotic enrofloxacin applied to Pangasius catfish farms
in the Mekong Delta, Vietnam. Chemosphere, 119, 407-414.
doi:10.1016/j.chemosphere.2014.06.062.

Ashfag M., Khan K.N., Rasool S., Mustafa G., Saif-Ur-Rehman M., Nazar M.F., Sun Q. &
Yu C.-P. (2016). — Occurrence and ecological risk assessment of fluoroquinolone antibiotics

in hospital waste of Lahore, Pakistan. FEnviron. Toxicol. Pharmacol., 42, 16-22.
doi:10.1016/j.etap.2015.12.015.

Smith M., Love D.C., Rochman C.M. & Neff R.A. (2018). — Microplastics in seafood and
the implications for human health. Curr. Environ. Health Rep., 5 (3), 375-386.
doi:10.1007/s40572-018-0206-z.

Food and Agriculture Organization of the United Nations (FAO), World Organisation for
Animal Health (OIE) & European Commission for the Control of Foot-and-Mouth Disease
(EuFMD) (2018). — The Progressive Control Pathway for Foot and Mouth Disease Control
(PCP-FMD): Principles, Stage Descriptions and Standards, 2nd Ed. FAO, Rome, Italy, 25
pp- Available at: www.fao.org/eufimd/global-situation/pcp-fmd/en/ (accessed on 8 January
2021).

Ribadeau-Dumas F., Cliquet F., Gautret P., Robardet E., Le Pen C. & Bourhy H. (2016). —
Travel-associated rabies in pets and residual rabies risk, western Europe. Emerg. Infect. Dis.,
22 (7), 1268-1271. doi:10.3201/e1d2207.151733.

Knight-Jones T.J.D. & Rushton J. (2013). — The economic impacts of foot and mouth
disease — what are they, how big they and where do they occur? Prev. Vet. Med., 112 (3-4),
161-173. doi:10.1016/j.prevetmed.2013.07.013.

Kwan N.C.L., Yamada A. & Sugiura K. (2018). — Benefit-cost analysis of the policy of
mandatory annual rabies vaccination of domestic dogs in rabies-free Japan. PLoS One, 13
(12), Article No. €0206717. doi:10.1371/journal.pone.0206717.

Kadowaki H., Hampson K., Tojinbara K., Yamada A. & Makita K. (2018). — The risk of
rabies spread in Japan: a mathematical modelling assessment. Epidemiol. Infect., 146 (10),
1245-1252. doi:10.1017/S0950268818001267.

29.06.21 (15:06) 14/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 15

49.

50.

51.

52.

53.

54.

35.

56.

Zinsstag J., Durr S., Penny M.A., Mindekem R., Roth F., Menendez Gonzalez S.,
Naissengar S. & Hattendorf J. (2009). — Transmission dynamics and economics of rabies
control in dogs and humans in an African city. Proc. Nat. Acad. Sci. USA, 106 (35), 14996—
15001. doi:10.1073/pnas.0904740106.

Crimes D. & Enticott G. (2019). — Assessing the social and psychological impacts of
endemic animal disease amongst farmers. Front. Vet. Sci., 6, Article No. 342.
doi:10.3389/fvets.2019.00342.

Kadowaki H., Kayano T., Tobinaga T., Tsutsumi A., Watari M. & Makita K. (2016). —
Analysis of factors associated with hesitation to restart farming after depopulation of
animals due to 2010 foot-and-mouth disease epidemic in Japan. J. Vet. Med. Sci., 78 (8),
1251-1259. doi:10.1292/jvms.15-0559.

Hibi J., Kurosawa A., Watanabe T., Kadowaki H. & Watari M. (2015). — Post-traumatic
stress disorder in participants of foot-and-mouth disease epidemic control in Miyazaki,
Japan, in 2010. J. Vet. Med. Sci., 77 (8), 953-959. doi:10.1292/jvms.14-0512.

Makita K., Tsuji A., Iki Y., Kurosawa A., Kadowaki H., Tsutsumi A., Nogami T. & Watari
M. (2015). — Mental and physical distress of field veterinarians during and soon after control
of the 2010 foot and mouth disease outbreak in Miyazaki, Japan. Rev. Sci. Tech. Off. Int.
Epiz., 34 (3), 699-712. doi:10.20506/rst.34.3.2387.

Beck J.G., Grant D.M., Read J.P., Clapp J.D., Coffey S.F., Miller L.M. & Palyo S.A. (2008).
— The impact of event scale — revised: psychometric properties in a sample of motor vehicle
accident survivors. J. Anxiety Disord., 22 (2), 187-198. d0i:10.1016/j.janxdis.2007.02.007.

Kessler R.C., Andrews G., Colpe L.J., Hiripi E., Mroczek D.K., Normand S.L.T., Walters
E.E. & Zaslavsky A.M. (2002). — Short screening scales to monitor population prevalences
and trends in non-specific psychological distress. Psychol. Med., 32 (6), 959-976.
doi:10.1017/50033291702006074.

World Health Organization (WHO) & Food and Agriculture Organization of the United
Nations (FAO) (2002). — Risk assessments of Salmonella in eggs and broiler chickens:
interpretative summary. Microbiological Risk Assessment Series 1. WHO, Geneva,
Switzerland & FAO, Rome, Italy, 70 pp- Available at:

www.who.int/foodsafety/publications/salmonella/en/ (accessed on 8 January 2021).

29.06.21 (15:06) 15/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 16

57.

58.

59.

60.

61.

62.

63.

64.

65.

Grace D. Randolph T., Olawoye J., Dipelou M. & Kang’ethe E. (2008). — Participatory risk
assessment: a new approach for safer food in vulnerable African communities. Devel. Prac.,
18 (4-5), 611-618. doi:10.1080/09614520802181731.

Makita K., Desissa F., Teklu A., Zewde G. & Grace D. (2012). — Risk assessment of
staphylococcal poisoning due to consumption of informally-marketed milk and home-made
yoghurt in Debre Zeit, Ethiopia. Int. J. Food Microbiol., 153 (1-2), 135-141.
doi:10.1016/j.ijfoodmicro.2011.10.028.

Oguttu J.W., McCrindle C.M.E., Makita K., Grace D. (2014). — Investigation of the food
value chain of ready-to-eat chicken and the associated risk for staphylococcal food
poisoning in Tshwane Metropole, South Africa. Food Control, 45, 87-94.
doi:10.1016/j.foodcont.2014.04.026.

Sinh D.-X., Hung N.-V., Unger F., Phuc P.-D., Grace D., Ngan T.-T., Barot M., Ngoc P.-T.
& Makita K. (2017). — Quantitative risk assessment of human salmonellosis in the
smallholder pig value chains in urban of Vietnam. Int. J. Pub. Health, 62 (Suppl. 1), S93—
S102. doi:10.1007/s00038-016-0921-x.

Dang-Xuan S., Nguyen-Viet H., Pham-Duc P., Grace D., Unger F., Nguyen-Hai N.,
Nguyen-Tien T. & Makita K. (2018). — Simulating cross-contamination of cooled pork with
Salmonella enterica from raw pork through home kitchen preparation in Vietnam. /nt. J.
Environ. Res. Pub. Health, 15 (10), Article No. 2324. doi:10.3390/ijerph15102324.

Dang-Xuan S., Nguyen-Viet H., Pham-Duc P., Unger F., Tran-Thi N., Grace D. & Makita
K. (2019). — Risk factors associated with Salmonella spp. prevalence along smallholder pig
value chains in Vietnam. [Int. J.  Food Microbiol., 290, 105-115.
doi:10.1016/j.ijfoodmicro.2018.09.030.

Sirma A.J., Makita K., Randolph D.G., Senerwa D. & Lindahl J.F. (2019). — Aflatoxin
exposure from milk in rural Kenya and the contribution to the risk of liver cancer. Toxins, 11
(8), Article No. 469. doi:10.3390/toxins11080469.

Sarno E., Martin A., McFarland S., Johne R., Stephan R. & Greiner M. (2016). — Estimated
exposure to hepatitis E virus through consumption of swine liver and liver sausages. Food
Cont., 73 (B), 821-828. doi:10.1016/j.foodcont.2016.09.030.

Havelaar A.H., Kirk M.D. [...] & WHO Foodborne Disease Burden Epidemiology
Reference Group (2015). — World Health Organization global estimates and regional

29.06.21 (15:06) 16/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 17

66.

67.

68.

69.

70.

71.

72.

73.

comparisons of the burden of foodborne disease in 2010. PLoS Med., 12 (12), Article No.
€1001923. doi:10.1371/journal.pmed.1001923.

Food and Drug Administration (FDA) Center for Veterinary Medicine (2000). — Human
health impact of fluoroquinolone resistant Campylobacter attributed to the consumption of
chicken. FDA, Silver Spring, United States of America, 109 pp. Available at:
https://fda.report/media/76429/Human-Health-Impact-of-Fluoroquinolone-Resistant-
Campylobacter-Attributed-to-the-Consumption-of-Chicken.pdf (accessed on 30 March
2021).

Alban L., Ellis-Iversen J., Andreasen M., Dahl J. & Sonksen U.W. (2017). — Assessment of
the risk to public health due to use of antimicrobials in pigs — an example of pleuromutilins
in Denmark. Front. Vet. Sci., 4, Article No. 74. doi:10.3389/fvets.2017.00074.

Caffrey N., Invik J., Waldner C.L., Ramsay D. & Checkley S.L. (2019). — Risk assessments
evaluating foodborne antimicrobial resistance in humans: a scoping review. Microbial Risk
Anal., 11, 31-46. doi:10.1016/j.mran.2018.08.002.

Lopatkin A., Meredith H.R., Srimani J.K., Pfeiffer C., Durrett R. & You L. (2017). —
Persistence and reversal of plasmid-mediated antibiotic resistance. Nat. Commun., 8, Article
No. 1689. doi:10.1038/s41467-017-01532-1.

Knight G.M., Davies N.G. [...] & Atkins K.E. (2019). — Mathematical modelling for
antibiotic resistance control policy: do we know enough? BMC Infect. Dis., 19, Article No.
1011. doi:10.1186/s12879-019-4630-y.

Makita K., Fujimoto Y., Sugahara N., Miyama T., Usui M., Asai T., Kawanishi M., Ozawa
M. & Tamura Y. (2020). — Quantitative release assessment of mcr-mediated colistin-

resistant  Escherichia coli from Japanese pigs. Food Saf, 8(2), 13-33.
doi:10.14252/foodsafetyfscj.D-20-00004.

Rich K.M., Denwood M.J., Stott A.W., Mellor D.J., Reid SW.J. & Gunn G.J. (2013). —
Systems approaches to animal disease surveillance and resource allocation: methodological
frameworks for behavioral analysis. PLoS One, 8 (11), €82019.
doi:10.1371/journal.pone.0082019.

Rich K.M., Dizyee K., Nguyen T.T.H., Duong N.H., Pham V.H., Nguyen T.D.N., Unger F.
& Lapar M.L. (2018). — Quantitative value chain approaches for animal health and food
safety. Food Microbiol., 75, 103—-113. doi:10.1016/j.fm.2017.09.018.

29.06.21 (15:06) 17/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 18

74.

75.

Makita K., Steenbergen E., Haruta L., Hossain S., Nakahara Y., Tamura Y., Watanabe T.,
Kadowaki H. & Asakura S. (2020). — Quantitative understanding of the decision-making
process for farm biosecurity among Japanese livestock farmers using the KAP-Capacity
framework. Front. Vet. Sci., 7, Article No. 614. doi:10.3389/fvets.2020.00614.

Hennessey M., Kim S., Unger F., Nguyen-Viet H., Dang-Xuan S., Nguyen-Thi T. & Hasler
B. (2020). — Exploring the potential of using nudges to promote food hygiene in the pork
value chain in Vietnam. Prev. Vet. Med, 181, Article No. 105003.
doi:10.1016/j.prevetmed.2020.105003.

29.06.21 (15:06) 18/21



Rev. Sci. Tech. Off- Int. Epiz., 40 (2) 19

Hazard Risk Risk
identification assessment management

I I I

Risk communication

Fig. 1

The four components of World Organisation for Animal Health import risk analysis (10)
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An example of a risk estimation matrix
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Codex Alimentarius Commission risk analysis (14), based on (12)
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