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Rapid risk assessment tool
(RRAT) to prioritize emerging
and re-emerging livestock
diseases for risk management

Clazien J. de Vos*, Ronald Petie, Ed G. M. van Klink and

Manon Swanenburg

Wageningen Bioveterinary Research, Wageningen University & Research, Lelystad, Netherlands

Increasing globalization and international trade contribute to rapid expansion

of animal and human diseases. Hence, preparedness is warranted to prevent

outbreaks of emerging and re-emerging diseases or detect outbreaks in an

early stage. We developed a rapid risk assessment tool (RRAT) to inform

risk managers on the incursion risk of multiple livestock diseases, about the

main sources for incursion and the change of risk over time. RRAT was

built as a relational database to link data on disease outbreaks worldwide,

on introduction routes and on disease-specific parameters. The tool was

parameterized to assess the incursion risk of 10 livestock diseases for the

Netherlands by three introduction routes: legal trade in live animals, legal trade

of animal products, and animal products illegally carried by air travelers. RRAT

calculates a semi-quantitative risk score for the incursion risk of each disease,

the results of which allow for prioritization. Results based on the years 2016-

2018 indicated that the legal introduction routes had the highest incursion risk

for bovine tuberculosis, whereas the illegal route posed the highest risk for

classical swine fever. The overall incursion risk via the illegal route was lower

than via the legal routes. The incursion risk of African swine fever increased over

the period considered, whereas the risk of equine infectious anemia decreased.

The variation in the incursion risk over time illustrates the need to update the

risk estimates on a regular basis. RRAT has been designed such that the risk

assessment can be automatically updated when new data becomes available.

For diseases with high-risk scores, model results can be analyzed inmore detail

to see which countries and trade flows contribute most to the risk, the results

of which can be used to design risk-based surveillance. RRAT thus provides a

multitude of information to evaluate the incursion risk of livestock diseases at

di�erent levels of detail. To give risk managers access to all results of RRAT, an

online visualization tool was built.
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FIGURE 6

Probability-based risk score for the incursion risk of bovine tuberculosis (A), Aujeszky’s disease (B), bluetongue (C), foot-and-mouth disease (D)

and African swine fever (E) for the Netherlands in 2016, 2017, and 2018 for the product route per source country (only source countries

included with a risk score > 0.01 in any year).

Sensitivity analysis

Results of the alternative scenarios (Table 3) were compared

to the baseline scenario for the overall risk score RNi, which

indicates the incursion risk of any of the diseases in RRAT

to the Netherlands for each of the introduction routes i

for the years 2016, 2017 and 2018. The number-based risk

score was used rather than the probability-based risk score,
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FIGURE 7

Contribution of di�erent pathways to the incursion risk of selected diseases for the Netherlands in 2016, 2017, and 2018 for the product route

(A) and the traveler route (B). Diseases: bTB, bovine tuberculosis; Auj, Aujeszky’s disease; BT, bluetongue; FMD, foot-and-mouth disease; ASF,

African swine fever; CSF, classical swine fever. Products: FF, fresh and frozen meat; DS, dried and salted meat.

as the probability-based risk has an asymptote at 1, making a

comparison of results useless. The results of the animal route

were most sensitive to the database used for the trade figures

(Scenario 3A) with the use of Comext data (20) resulting in a 10-

fold higher overall risk score (Figure 9). The other introduction

routes were not affected by this scenario, since only the database

for trade in live animals was changed. Scenario 1C affected

the overall risk score most (Figure 9). In this scenario the

value for IncunkD was increased 10- to 100-fold, resulting in

a similar increase for the overall risk score of the product

and traveler routes. The impact on the animal route was less

pronounced, because imports of live animals mostly originated

from source countries for which disease was absent or the

incidence was known (i.e., IncunkD was not needed to estimate

disease incidence for these countries). Scenario 1E also affected

the overall risk score of all three introduction routes, although
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FIGURE 8

Probability-based risk score for the incursion risk of classical swine fever (A), African swine fever (B), foot-and-mouth disease (C) and bovine

tuberculosis (D) for the Netherlands in 2016, 2017, and 2018 for the traveler route per source region.

to a lesser extent. In this scenario, an underreporting factor

was included to estimate disease incidence for countries that

had reported cases to the OIE, resulting in higher incidence

estimates for these countries. Scenarios 2D (proxy values for

probability of contamination of a product at exposure) and 2E

(proxy values for probability of infection upon exposure to a

contaminated product) resulted in an increased overall risk score

for the product and traveler routes. This was not unexpected as

higher proxy values were used in the alternative scenarios. These

scenarios did not affect the animal route. All other scenarios had

limited effect on the calculated overall risk scores.

Changes in ranking of diseases and source countries (source

regions for the traveler route) when running the alternative

scenarios were evaluated using Spearman’s rank correlation

coefficient. Figure 10 shows the correlation coefficients between

the baseline and the alternative scenarios for the source

countries/regions (x-axis) and the diseases (y-axis). Correlation

coefficients for the product route were all > 0.9, indicating that

changes in ranking were limited. For the animal route, only

scenario 3A (trade figures based on Comext database) resulted in

considerable changes of the ranking of both source countries and

diseases for all 3 years evaluated. For the traveler route, results

were slightly less stable than for the other two routes, but only

scenario 1C (higher value for IncunkD ) resulted in considerable

changes of the ranking of both source countries and diseases for

all 3 years evaluated. The relative sensitivity of this route to the

value of IncunkD is explained from the fact that travelers could

come from any country in the world, including those countries

with an unknown disease status, whereas imports of live animals

and animal products were mostly limited to countries with a

known disease status, although not exclusively.

Discussion

Interpretation of results

RRAT is a useful tool to assess the incursion risk of multiple

diseases and results can be used to prioritize diseases for risk

management and early warning. RRAT provides a multitude of
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FIGURE 9

Number-based risk scores for the incursion risk of any disease for the Netherlands in 2016, 2017, and 2018 for the animal route (A), the product

route (B), and the traveler route (C) for the baseline scenario and each alternative scenario. Risk scores are given on a log10 scale.

FIGURE 10

Spearman’s rank correlation coe�cients indicating the agreement in ranking of risk scores for individual source countriesa (x-axis,

“geographical”) and individual diseases (y-axis, “disease”) between the baseline scenario and each alternative scenario. a Ranking for the traveler

route was based on source regions.

information to evaluate the incursion risk of livestock diseases

at different levels of detail. Results of the tool can be queried

to indicate the pathways (animal species or product types)

and source countries/regions contributing most to the risk (as

shown in Figures 5–8). This information is useful input for

the design of risk-based surveillance. To give risk managers

access to all results of RRAT, an online visualization tool was

built (https://shiny.wur.nl/content/941b9565-64d1-490c-b11b-

d5f2cc45c44e/).

RRAT was built such that it can be automatically updated

when new data becomes available. Input data from WAHIS

(58), TRACES (23) and Comext (20) are automatically processed
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into risk scores for the diseases included in the tool. Adding

a new disease to the tool is relatively easy as it only requires

an update of disease-specific parameters. Adapting the tool to

assess the risk for other target areas (countries) is also relatively

easy, since this only requires an update of the volumes of trade

and travel. The tool does, however, not provide the full remit of

the incursion risk as introduction routes related to e.g., vector

and wildlife ecology are not considered. This might explain

the relatively low risk calculated for ASF despite the presence

of ASF virus in Europe. Inclusion of additional introduction

routes will increase the accuracy of the estimated incursion

risk. Counotte et al. (65) designed a complementary module

for RRAT using a generic approach to assess the animal disease

incursion risk via wildlife migration. They showed that also

the incursion risk of ASF via migration of wild boar is very

low for the Netherlands given the relatively large geographical

distance between reported outbreaks in wild boar and the Dutch

border for the years analyzed. Results of the wildlife module can,

however, not be directly compared to the results obtained for the

introduction routes in RRAT, because the wildlife module only

estimates the probability of entry of infected wild boar into the

Netherlands and not the subsequent exposure of local livestock.

It must be noted that also the results of the introduction

routes in RRAT itself cannot be compared directly, as the risk

estimates for the animal route are based on individual animals,

whereas the risk estimates for the product and traveler route

are based on kilograms of product. This might have resulted

in a slight overestimate of the incursion risk by the product

and traveler route, since from a single slaughtered animal more

than one kilogram of product is harvested. There is no easy

way to account for this in the risk assessment tool, as it is not

known whether imported animal products are mostly derived

from the same animals or from different animals, i.e., 10 kg of

pork could have been derived from the same pig or from 10

pigs or even more. The ratio between slaughtered animals and

the weight of imported products will probably also differ for

different animal product types and source regions. To guide

policy makers in interpreting the results of RRAT, we translated

the semi-quantitative risk scores into qualitative risk levels.

When doing so, we accounted for the fact that animal products

will mostly present a lower incursion risk than live animals

(Supplementary Table S5.1,S5.2). The qualitative risk levels were

used to present results in the online visualization tool.

In contrast to the animal route, results of the product and

traveler route can to some extent be compared, as both are

based on kilograms of products. From Figure 4 it is clear that

calculated risk scores for the traveler route are much lower than

for the product route. This is mainly explained from the volumes

for both introduction routes, with the quantities of products

carried by travelers being approximately 103 times less than the

quantities imported legally (Supplementary Table S1.2,S1.3). On

the other hand, products carried by travelers have a more diverse

geographic origin and are not subjected to import controls,

resulting in a potentially higher incursion risk per kilogram

of product. The incursion risk via the product route might

have been slightly overestimated by RRAT, as we had quite

some uncertainty on the animal origin of products not intended

for human consumption (e.g., casings, hides, products for

pharmaceutical use). Most CN codes (combined nomenclature)

(66) for these products represent composite groups and a

worst-case approach was used considering all products a risk

when these were derived from at least one susceptible domestic

livestock species. Although products not intended for human

consumption only made up about 10% of the total legal import

flows, they had a very high contribution to the incursion risk

of BT (Figure 7). In contrast to the product route, the incursion

risk of the traveler route was based only on animal products

for human consumption. The incursion risk via this route has

definitely been underestimated by RRAT. We only included

products carried by air passengers from outside the EU, since

no data was available on products carried by travelers within the

EU, because bringing products of animal origin from other EU

member states is not illegal and thus not checked at customs.

In addition, the incursion risk via animal products carried by

travelers over land (train, bus, car) is not considered in RRAT.

Validation of results

Validation of the results of RRAT is difficult as the tool

estimates the incursion risk of diseases that are not introduced

into the Netherlands regularly. The only exception is bTB for

which 23 introductions occurred in the period 1999-2013 by

trade in live animals (67). RRAT indeed indicated that trade in

live animals entails a high risk of bTB introduction, indicating

to a large extent the same source countries as high risk as the

study of De Vos et al. (67). The estimated EIA incursion risk by

legal trade in live animals was very high for 2016 and decreased

in the years after. In 2017, the first (and until now only)

case of EIA in the Netherlands was detected by serology, the

moment of introduction of the infection being unknown (68).

The estimated ASF incursion risk was relatively low, although

a steep increase of the incursion risk by the product route was

seen for 2018. Despite the increasing threat of ASF in Europe

in recent years, at the time of writing (June 2022), ASF was

absent from the Netherlands. The most likely introduction route

for ASF, based on results of RRAT, is via legal trade of animal

products. Although it cannot be excluded that contaminated

pork products have been imported in recent years, this has not

resulted in disease outbreaks. The probability that contaminated

pork products end up with pigs is expected to be very low, as

swill feeding is not allowed in the EU (69). The results of RRAT

can also be partly validated by comparing the results of RRAT to

those of bespoke RA models, although one should keep in mind

that the risk estimates given by RRAT are semi-quantitative risk

scores rather than absolute numbers. The incursion risk of AHS
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was, e.g., estimated to be very low by RRAT (Figure 4), which is

in agreement with a quantitative risk assessment for movements

of live equines by De Vos et al. (11).

RRAT was cross-validated against other generic risk

assessment tools that recently were developed in Europe by

applying all tools to the same case study on ASF (16).

Results indicated that the generic tools largely agreed on the

relative risks across countries and scenarios, resulting in the

same ranking. RRAT was primarily designed for prioritization

purposes, the ranking of diseases, source countries and pathways

being thus the most important output of the tool. Therefore, the

cross-validation contributed to the credibility of results obtained

with RRAT. In addition, results for the years 2016-2018 were

face validated by risk assessors and risk managers and any

unexpected results were queried by investigating the underlying

data in the tool. For instance, contrary to our expectations,

China did not contribute much to the ASF incursion risk in

2018, despite presence of ASF in China since August 2018 (6, 70)

and large volumes of pork products being imported from China

(20). The huge pig population (4.3 × 108 heads) (60) in China

resulted, however, in a low estimate for the incidence of ASF and

consequently also for the incursion risk posed by pig products

imported from China.

Robustness of results

RRAT can be classified as a semi-quantitative risk tool. The

output of RRAT is presented as risk scores between 0 and 1.

Although the risk score is calculated as if it were the probability

of at least one introduction per year, the absolute value of the

risk score cannot be interpreted as such, because input values

for probabilities in RRAT are to a large extent based on risk

classes rather than quantitative data derived from literature or

experiments. These risk classes have been translated into proxy

values to allow for the calculation of risk scores. Results of RRAT

thus give an indication of relative risks rather than absolute risks

and are therefore most useful for prioritization.

The impact of the proxy values was evaluated in the

sensitivity analysis and appeared to be limited. In most

scenarios, the change in proxy values did not affect the estimated

risk scores. However, higher values for the probability of

contamination of products at exposure, PcontexPD , and the

probability of infection upon exposure, PinfexPD
(Figure 9;

scenarios 2D and 2E), resulted in higher risk scores for the

product and traveler route. The ranking of diseases, pathways

and source countries/regions was, however, only slightly affected

in these scenarios (Figure 10 and Supplementary Figure S4.2).

Changing of the proxy values used to estimate the incidence of

disease if countries had an unknown disease status (IncunkD ) had

a large impact on the estimated risk scores (Figure 9; scenario

1C). For the traveler route, the change of IncunkD also had

an impact on the ranking of diseases, pathways and source

countries/regions (Figure 10 and Supplementary Figure S4.2).

Even though data from global databases is inputted into

RRAT as purely quantitative data, these also contain uncertainty.

Numbers of livestock imported, e.g., differ considerably

between TRACES and Comext. The effect of using data

from Comext (20) rather than TRACES was explored in

scenario 3A. Results indicated that risk estimates based on

Comext were much higher than based on TRACES (Figure 9).

Ranking of diseases, pathways and source countries was also

highly affected by the global database used (Figure 10 and

Supplementary Figure S4.2). Similarly, data from WAHIS on

disease occurrence worldwide is biased due to underreporting or

non-reporting. Scenario 1E of the sensitivity analysis indicated

that risk estimates were higher, especially for the animal route,

when correcting for underreporting (Figure 9). Ranking of

diseases, pathways and source countries/regions was, however,

not affected (Figure 10 and Supplementary Figure S4.2). In this

scenario we assumed equal underreporting for all geographic

regions, whereas in reality there might be differences depending

on, e.g., surveillance in place. Disease incidence could only be

calculated for a subset of countries in which disease was present.

Therefore, a decision tree was used in RRAT to classify countries

for their disease risk based on quantitative and qualitative data

available from WAHIS (Figure 3). If countries did not report

at all (neither absence nor presence), they were classified as

high risk, unless we had evidence that disease was likely to be

absent based on information from other countries in the same

region. For the EU, data on disease outbreaks fromWAHIS was

complemented with data from the Animal Disease Information

System (ADIS) (61) and EC reports (62–64) if available. For

countries in other regions in the world, the data in RRAT was

solely derived fromWAHIS. To account for the fact that disease

might be present unnoticed, we also considered the disease

status of neighboring countries (based on UN subregions) (59)

to assign a disease status to countries that reported absence of

disease. This sometimes resulted in a likely overestimate of the

incursion risk, e.g., when considering the ASF incursion risk

from Denmark, that is clustered with the Baltic states in which

ASF has been present since 2014 (71).

Based on the results of the what-if analysis, we conclude that

risk estimates given by RRAT are more sensitive to uncertainties

in data reported by global databases than uncertainty introduced

by expert opinion when using proxy values to assign quantitative

probabilities to risk classes. Uncertainties in global databases can

directly be traced to reporting issues, both when considering

disease outbreaks and trade of animals and animal products.

Where TRACES was built to track and trace animal movements

within the EU from the perspective of animal and public health,

the data in Comext is primarily obtained from import and export

flows as declared by customs from an economic perspective.

We also calculated Spearman’s rank correlation

coefficients to compare the ranking of diseases,
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pathways and countries/regions among different years

(Supplementary Figure S4.3). Strikingly, the differences between

years were in general bigger than the differences observed

between scenarios in the sensitivity analysis. This emphasizes

that historical data cannot directly be used to predict future

incursion risks. When we conceptualized RRAT, we aimed at

regular updates of the risk assessments in an automated fashion

to ensure that the estimated incursion risks reflect the current

conditions. Therefore, RRAT has been designed such that

updates of the assessment can be easily made when new data

becomes available. RRAT is, however, dependent on data from

global databases on disease outbreaks, and trade and travel,

making the tool vulnerable to changes in these databases. In

2021, the OIE has launched a newWAHIS interface (7), making

the R scripts that we prepared to scrape the annual reports off

their website useless. This, and the delay in the launch and

realization of the new WAHIS interface, has hampered timely

updates of RRAT with 2019 and 2020 data. The next step in the

development of RRAT is to adapt the R scripts such that we can

easily import data on disease outbreaks from the new WAHIS

website. The availability of application programming interfaces

(api) to import data facilitates the use of global databases

in estimating disease incursion risks. The development of

generic risk assessment tools such as RRAT also illustrates

the importance of building and maintaining global databases

using the FAIR principles (findable, accessible, interoperable

and reusable). Disease-specific parameters in RRAT have been

entered once and are considered not to be subjected to change

at short notice. The only exception is the legislation for import

of live animals. EU requirements for importations of live

animals have been regularly updated in recent years, especially

for equines. Most changes had, however, little effect on the

estimated incursion risks as they concerned source countries

and animal species with low-volume trade flows. However,

with the implementation of the Animal Health Law (72) in

2021, an update of the legislation tables in RRAT is needed.

Unfortunately, we have not been able to design an automated

procedure for this task.

Comparison with other generic risk
assessment tools

Several other generic risk assessment tools have been

developed in recent years [e.g., (16, 17, 73–79)]. Each of these

tools were developed with different objectives, and different

approaches were used (16). Some of these tools can be used

for rapid risk assessment in response to disease events and

have expert opinion as input [e.g., (74, 75, 80)]. However, only

few of these tools have, like RRAT, the data needed for the

risk estimates available in the tool [e.g., (17, 76)], allowing for

a rapid response without the need to bring disease experts

together. The main asset of these tools is that risk assessments

can be updated relatively easy, making the tools suitable for

horizon scanning. Another difference is that some of the tools

only address the probability of entry into a new area [e.g.,

(76)], whereas others also include epidemiological [e.g., (77)]

or economic consequences [e.g., (75, 78, 79)]. RRAT has an in-

between position by including the exposure assessment and the

probability of a new infection, but not estimating subsequent

spread of disease, or impact on animal health and economics.

We deemed the inclusion of a first infection in local livestock a

minimal requirement to make results of the tool meaningful, as

import of contaminated products does not by definition result

in disease outbreaks, nor does import of animals for slaughter

or import of exotic animals in case of subclinical infections and

no contacts with livestock farms. A shared challenge for these

generic risk assessment tools is to keep them up and running

and to have added value to policy makers in setting priorities

for preventive measures and surveillance. Bianchini et al. (81)

did a survey on the use of animal health information systems

and risk analysis tools among professionals in animal and

public health around the world. They concluded that the main

areas of interest from these systems and tools are information

on where diseases are present, pathways of introduction, and

spread assessment. RRAT provides insight into the first two

areas of interest. Results of RRAT are easily accessible via

the online visualization tool, allowing for independent use by

policy makers.
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