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African Swine Fever (ASF) continues to spread worldwide, with very limited
eradication success in countries where the disease affects domestic pig
populations. Various biosecurity tools exist to reduce the on-farm risk
incursion of ASF and other diseases. However, their focus on overall
biosecurity scores and benchmarking results in recommendations that are
not always cost-effective. We propose to apply a risk analysis approach
that actively involves farmers and farmworkers in identifying their weakest
links in biosecurity and corresponding mitigation efforts. Furthermore, the
approach’s focus on describing and understanding pathways of introduction
and/or spread specific to individual farms creates buy-in from producers for
investing in biosecurity measures and improving compliance.
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Introduction

African Swine Fever (ASF) is a disease of domestic and wild swine, caused by the
ASF virus (ASFv), which results in far-reaching losses for affected countries and regions.
Since 2007, ASFv has widely spread from Sub-Saharan Africa through extensive areas of
Russia, Europe, and Asia (1), and was recently introduced into the Americas (2), resulting
in an unprecedented spread of pandemic proportions (3).

Many reasons jeopardize ASF control, most notably long ASFv survival times in
multiple substrates, circulation of ASFv in wild boar, and absence of commercial vaccines
(4). Due to those challenges, since the recent expansion of the disease in 2007, no country
has been able to eradicate ASF when their domestic swine population was affected (1).
Acknowledging that control and eradication will be onerous and time-consuming for
many countries, the challenge of the swine industry in affected areas is to remain free in
an ASFv-infected environment, and be able to produce and commercialize pigs, while the
epidemic is being controlled. This situation is not new as, for example, ASF was endemic
in Spain between 1960 and 1995, and yet during that extended period the country’s
industry was able to expand (5). More recently infected countries, such as Russia, which
has been ASF-infected for almost 15 years now, have also developed policy intended to

mitigate risk and sustain business continuity in an endemic setting.
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When ASF elimination is not a realistic objective in the
short or medium-term, it is important to direct resources and
promote public private partnerships to manage disease risk in
a way to mitigate disease impact compatible with production,
while sustaining and protecting free units (e.g., companies,
farms, barns).

Prerequisite for protecting ASF-free units in an affected
area is the design and implementation of high biosecurity
standards. Biosecurity has been a critical component of ASF risk
management efforts worldwide, such as compartmentalization
of individual farms in South Africa (6), the Secure Pork
Supply Plan for continue of business in the US (7), as well as
the recently proposed Partitioning approach (8). Noteworthy,
however, given the multiple routes through which the ASFv may
enter free barns, farms, or systems, arguably, the strength of
any biosecurity plan and implementation would be as strong
as its weakest link(s). That is, even though biosecurity may be
sufficiently high for most potential pathways of entry, the overall
biosecurity of the farm is still low if a single critical pathway
is insufficient to mitigate the risk for disease introduction,
consequently impairing the effectiveness of producers’ overall
biosecurity investment.

Risk analysis is an approach to estimate the probability
of occurrence and impact of unwanted outcomes (the
risks) and manage those risks. Risk analysis includes four
main components, namely, hazard identification, risk
assessment, risk management, and risk communication.
Among those four components, risk assessment focuses on the
systematic, transparent, and repeatable evaluation of risks and
corresponding mitigation, whereas risk communication is a
multidimensional, iterative process that ensures that relevant
stakeholders are involved in the other three components. Here,
we propose to follow risk analysis principles to undertake
self-assessments of biosecurity measures, identify weakest links,
and prioritize the implementation of biosecurity measures.
The approach can be implemented to prevent the introduction
of disease into a free farm or a group of farms within a
compartment (external biosecurity), or into free rooms or barns
post-ASF introduction onto a farm (internal biosecurity) as part
of a Partitioning approach (8).

We first review examples of existing resources to evaluate
biosecurity in swine farms in relation to ASE, and then discuss
their strengths and pitfalls, and advocate for more actively
involving farmers and help creating a biosecurity mindset.
A risk analysis approach complements existing biosecurity
tools, by describing pathways of ASF introduction to identify
and prioritize farm biosecurity measures. Finally, we discuss
how this approach is expected to help with prioritizing farm-
specific biosecurity investments, more consistency between
mitigation measures, and increased adoption and compliance.
The perspective presented here will contribute to enhance
industry and public authority preparedness with the goal of
mitigating the impact of ASF in infected areas.

Frontiersin Veterinary Science

10.3389/fvets.2022.935350

Existing “ready to use” resources to
evaluate farm biosecurity against ASF

Multiple biosecurity guidelines and assessment tools have
been developed by government agencies, academia, and
industry. Although quite comprehensive, those guidelines are
fairly generic in terms of the scope as defined by the diseases
targeted (the “what”), the justification for the recommended
practices (the “why”), and the best practices for actual
implementation (the “how”). As a result, the tools typically
produce scores that serve as a proxy measure of “situational
awareness,” but lack detailed guidance as to where to start, what
to prioritize under constrained resources (financial, labor, or
other), or how to be consistent in the implementation of multiple
alternative measures to enhance biosecurity. Most typically,
assessment tools aim to provide a “score” indicating how well
a given farm is doing with regards to biosecurity practices in
comparison to other farms within a company or region. They
can be used either for self-assessment, such as the SPS checklists
(7), Biocheck.UGent™ (9), BioPorc-RD (10), or as part of an
audit like in the 1000-point biosecurity assessment of the PIC
BioShield program (11). Existing tools also typically rely on
reported practices rather than observations. A detailed overview
of available biosecurity tools is available elsewhere (12). Briefly,
biosecurity assessment tools broadly fall into two categories:

1. Biosecurity scoring tools derived from experts
epidemiological knowledge of the disease(s) of interest,
as well as expert opinion. This approach is typically
used to evaluate biosecurity related to foreign animal
diseases (FADs). Although such tools may be based
on risk assessment (13, 14), they are not data-driven
(relevant data are typically unavailable, especially for
FADs). Rather, the pathways of entry into and/or spread
within a farm, set of criteria and weights applied to obtain
the overall biosecurity estimate or score are based on
expert(s) perception of their relative importance, and of
the efficiency of biosecurity measures. Because they are
“theoretical” in nature, they tend to include extensive
criteria and recommendations, covering all potentially
relevant aspects of biosecurity.

2. Data-driven tools. In this group of tools, outbreak data
for endemic diseases are analyzed to quantify risky
or protective farm management practices, which are
then used to inform the biosecurity recommendations.
Although developed based on data from endemic diseases,
the resulting biosecurity criteria may be applicable to
epidemiologically similar FADs.

Most biosecurity tools from both categories provide an
overall score accompanied with some visualizations (e.g., spider
charts) that highlight differences in scores between areas of
farm management, within a farm or larger organization, or
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comparing biosecurity to other farms (i.e., benchmarking).
Although useful in providing a “picture” (or a one-time, cross-
sectional assessment) of the likelihood of farm or system
for becoming infected by a disease or group of diseases (as
approximated by the level or degree of biosecurity protocols in
place), such approaches have the following shortcomings:

1. First, a biosecurity system is only as strong as its weakest
link (15, 16). This key notion is often lost when providing
an overall score. For example, let us imagine a biosecurity
assessment that considers 5 management areas, scored on a
scale of 0-10. A farm that consistently performs 8/10 across
5 management areas gets the same overall score as a farm
that scores 9/10 across 4 management areas and 4/10 for
the remaining area. Yet, while the former farm is consistent
in their level of biosecurity the latter farm jeopardizes the
work that it does in several areas by very poor biosecurity
practices in one area. Thus, existing tools focusing on
overall scores, or benchmarking, fall short of helping
producers identify their weakest links and prioritize their
improvement efforts. Moreover, both because of the criteria
considered and because scoring is based on self-reported
practices, biosecurity tools typically do not consider how
well biosecurity practices are implemented. Recently,
data-driven tools have improved on some of the above
limitations, as they provide tailored recommendations to
individual farms, helping them understand their strengths
and weaknesses and prioritize areas of improvement.
However, such tools have typically been developed, at least
initially, for endemic diseases (e.g., Rabapp for PPRSv),
and their applicability to FADs assumes equivalent disease
dynamics and/or requires some sort of adaptation for
FADs (17).

2. Second, the biosecurity scores are not necessarily explicitly
tied to the mechanisms of potential entry of FADs and
specific practices that need improvement, and thus can fail
to provide a rationale or “buy-in” to the producer and farm
staff for implementing recommended practices, especially
if costly or time-consuming. The success of any biosecurity
effort depends on high compliance in the implementation
of the measures. Creating a clear link between mitigation
measures and their intended risk reducing purpose is key
to create a “biosecurity mindset.”

3. Finally, in most biosecurity tools reviewed, the emphasis
is on external biosecurity, while only a few (e.g,
Biocheck.UGent)
biosecurity scores. Addressing “internal” biosecurity helps

differentiate external vs. internal
prevent the spread of the disease on the farm and facilitate
control to ultimately mitigate disease impact, which can
be critical for continuity of business of multi-site swine
premises in the face of a FAD epidemic. This is particularly
important for ASF given the difficulty in eradicating it

from affected regions.
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Using risk analysis for identifying
mitigation measures, and developing
and improving a biosecurity plan

The World Organization for Animal Health (WOAH,
formerly OIE), defines the risk assessment component of
risk analysis as the “evaluation of the likelihood and the
biological and economic consequences of entry, establishment
and spread of a hazard” (18), while risk communication is
the “interactive transmission and exchange of information and
opinions throughout the risk analysis process.” And Grabill and
Simmons (19) argue that an effective risk analysis approach
necessitates that “researchers work with audiences in the
construction of knowledge (e.g., risk)” to create awareness and
identify workable remedial actions.

Here, the audience would be the farmers, ASFv would be
the hazard of interest, and the risk, ie., its entry into farms
(or spread within a farm), may take place through a variety
of pathways. Figure 1 depicts a simplified diagram of such
potential pathways, grouped by the primary source of infection.
A pathway represents the “steps” (or events) needed for the
virus to be introduced onto a farm. Preventing one, or multiple,
of such steps from occurring will result in a mitigation of the
risk through that pathway. The likelihood associated with each
pathway may be evaluated by reviewing the chain of events that
are required for ASF to spread. For example, for ASF entering
a farm through food for human consumption, the food will
need to be (1) infected with ASE (2) taken into the farm, and
(3) fed to the pigs intentionally or unintentionally. One or
multiple mitigation options could then be conceived for each of
such pathway events (see gray boxes on Figure 1 - e.g., workers
are not allowed to bring their own food, and all food from
the cafeteria is incinerated), and their effect estimated while
considering compliance.

The aim here is to use pathways to evaluate the relative risk
reduction from implementing alternative enhanced biosecurity
measures. Indeed, the numeric value of the current risk is not
as useful from a management perspective as is the opportunity
to identify biosecurity gaps that may be effectively addressed.
Consequently, the focus should be on the identification all
possible pathways and the identification of nodes, or steps,
that could be targeted to further mitigate their respective
risk. Thus, the focus is on involving farmers in identifying
and describing pathways and determining corrective farm-
specific interventions. Increasing producers’ understanding of
risk pathways and events, having them “think as a virus”
(6) by identifying the different steps it would need to get
introduced to the farm, and critically thinking through potential
risk mitigation efforts will help uncover the “weakest” links
(i.e., the greatest risk event within each risk pathway) of the
“weakest chains” (i.e., pathway(s) that poses the greatest risk),
and help prioritize potential interventions in terms of feasibility,
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Possible pathways (white boxes, n = 10) of introduction of African Swine Fever (ASF) into commercial pig farms, grouped by the primary source
of infection (ovals, n = 4) and indicating proposed mitigation measures for each of them (gray boxes, n = 10).

affordability and perceived impact on risk, for a given (typically
constraint) producer’s budget.

Consequently, the key features of the proposed biosecurity
approach, compared to existing tools, include:

a. A risk analysis approach focusing on participation of
producers and critical thinking through the various disease
introduction pathways and farm specific circumstances,
rather than on a more formulaic scoring tool and/or
comparison with other producers,

. Using ’relative risk scores’ to compare disease

pathways, and nodes within pathways, so that the

overall weakest links can be identified on individual
farms, with the ultimate objective of prioritizing

correcting measures.

The use of graphical displays for risk communication (e.g.,
Figure 1), as well as the frequent and continuous reviewing and
reporting of risk threats, both part of the proposed approach,
have been suggested to increase biosecurity compliance in
livestock facilities (20). In addition, “recognizing on-farm
biosecurity as practices of bio-secure farming care offers a new
way of engaging, motivating and encouraging producers to
manage and contain diseases on farm” (21). This is critical when
governments increasingly devolve biosecurity governance such
as ASF control options, to the farming industry, such as such as
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compartmentalization efforts in South Africa (22) and Canada
(23), and the Secure Pork Supply initiative in the US (7).

Using the proposed approach to
foster a culture of biosecurity

As emphasized by Kotze (6), to successfully manage ASF
in an affected area, it is important to “think like a virus”
and understand how it could penetrate a farm. A key benefit
of using a risk analysis approach is that it works with
producers in critically thinking about their specific situation
and identifying practical solutions for mitigating the “weakest
links.” This contrasts with “black box” approaches that focus
on producing biosecurity scores against benchmarks. Guiding
questions may be formulated to producers so they can reflect
on the relative level of biosecurity achieved (and, potentially,
the remaining risk) for each of these pathways. To illustrate
this application, an evaluation of a hypothetical farm is shown
in Table 1. Two specific risk pathways (an external and an
internal pathway) were formulated, based on the authors’
observations in multiple ASF-infected countries. For both,
three risk events were identified, each of which needs to
occur for ASF to spread through the corresponding pathway.
The results of the evaluation of alternative mitigations would
depend on the farm-specific situation. A full cost-effectiveness
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TABLE 1 Evaluation of various fomite-related pathways for introduction of African Swine Fever (ASF) into a hypothetical multi-site commercial sow
farm in an endemic environment, indicating, for each of them, areas in which mitigation measures may be implemented.

Risk events/steps
“risk event”

Possible mitigation to address

Considerations for cost and effectiveness
evaluation

Example pathway #1: ASF entering premises due to external truck (“external biosecurity”)

1. Trucks containing infected materials before
entering the farm entering farm

2. Truck entering premises

3. Infected materials getting exposure to pigs

truck enters premises

Requiring disinfecting of trucks before

No external trucks entering the premises

Cleaning the drop-off or loading area after

Effectiveness depends on how well trucks are disinfected.
Feasibility likely depends on costs and willingness of truck
owners/suppliers

Possibly very effective, but may require substantial investment in
equipment and infrastructure

Operational costs relatively now. However, given the
long-survival time of ASE, effectiveness of this mitigation is likely

not high

Example pathway #2: ASF spreading between units through animal movements (“internal biosecurity”)

1. Animals in sourcing units are infected

the probability of animals getting infected in

the first place

2. Infected animals to be moved to another unit

units, and/or quarantine of animals before

movement between units
3. Infected animals need to be exposed to animals All-in-all-out system

in second (ASF-free) unit

Increase the external biosecurity to reduce

Testing animals before movement between

By increasing external biosecurity, the farm will also reduce the

probability of spread between units within the farm

Either of the two risk mitigation options would reduce the risk of
spread between units. Modeling could help determine which
option(s) is/are most cost-effective

By moving a group of animals to an empty unit, the producer
could avoid the potential spread of ASF between units. Feasibility

depends on farm situation and may require capital investments.

analysis would be difficult to complete (24), and instead, factors
affecting feasibility, total expenses, affordability, farm layout and
workforce, and relative effectiveness should be considered (25).
Examples of such factors are also listed in Table 1.

There are multiple ways in which this approach can
complement existing tools to assist the objective of sustaining
ASF-free farms and units in an affected area. First, if applied
to external biosecurity, the approach may be part of the efforts
to create an ASF free compartment to support trade (6), or to
support continuity of business (7). Alternatively, if applied to
both external and internal biosecurity (i.e., to mitigate the risk
for ASFv spread within a company or within units in a multi-site
premises) the approach can be part of a Partitioning approach
intended to protect free epidemiological units within an affected
system (8). Then, a risk analysis approach promoting critical
thinking through disease introduction pathways, and focusing
on “weakest links”, is especially useful as an underpinning of
creating a biosecurity culture (6), and supporting continuous
biosecurity improvements. For example, farms could undergo
yearly third-party biosecurity audits, as is currently done for
commercial pork producers in South Africa (6) or poultry
producers in the US (26). This repeated, iterative approach
would be especially useful in the long-term, as it would
allow focusing on changes between audits, and can be more
efficiently updated regularly compared to existing tools -
while accounting for the wide range of producers’ specific
circumstances, including the specific farm context with regards
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to (local) ASF infections. Given that the approach relies on
guided self-assessment and requires critical thinking through
potential risk pathways and possible mitigation strategies, it
also fosters buy-in from farm workers and creates a culture
of biosecurity.

Finally, the approach can also help producers to check for
consistency (and possible gaps) in their mitigation measures
and thus prioritize additional biosecurity improvements.
Specifically, the approach here can be particularly helpful if
producers have some flexibility and discretion about which
exact biosecurity measures to take because, for example (1)
biosecurity measures are unregulated in the country, (2) the
producers aim to exceed the minimum level of biosecurity
required by regulations, or (3) when a certification program
requires improvement of biosecurity over time, and budget
constraints require a tiered implementation.

We highlight that our approach can leverage or complement
existing biosecurity tools. For example, tools such as BioCheck
(9) can provide an overview of potential risk pathways, while
the current approach can focus on identifying weakest links and
pragmatic mitigation options.

Conclusion

The perspective presented here is complementary to existing
biosecurity tools for the critical evaluation of biosecurity on
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pig farms, using a risk analysis approach with the objective of
actively involving producers in identifying and prioritizing the
implementation of disease mitigation measures. The approach
fosters an awareness of risk pathways and creates a culture of
biosecurity (6). Acknowledging that eradication of ASFv is not
a realistic option in the foreseeable future for many affected
countries, the proposed approach can help the design and
sustainable implementation (i.e., cost-effective, progressive and
with high compliance) of mitigation strategies with the goal of
reducing the impact of disease on free farms and epidemiological
units that operate in ASF affected areas. This approach
will require more validation and field testing to be broadly
implementable in the field. Certain recent examples, such as
initiatives implemented in South Africa, suggest the approach
can become part of the biosecurity toolbox for enhancing
preparedness to mitigate the impact of ASF incursions in free
or infected regions.
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