Clifford Astbury et al. Globalization and Health (2023) 19:82 Globalization and Health
https://doi.org/10.1186/512992-023-00986-x

« o . . @
Policies to prevent zoonotic spillover: 2
a systematic scoping review of evaluative
evidence

Chloe Clifford Astbury'?3, Kirsten M. Lee', Ryan Mcleod', Raphael Aquiar?, Asma Atique', Marilen Balolong®,
Janielle Clarke', Anastassia Demeshko', Ronald Labonté®, Ame Ruckert®, Priyanka Sibal®, Kathleen Chelsea Togfio®,
A. M.Viens'? Mary Wiktorowicz'?, Marc K. Yambayamba’, Amy Yau® and Tarra L. Penney'**"

Abstract

Background Emerging infectious diseases of zoonotic origin present a critical threat to global population health.

As accelerating globalisation makes epidemics and pandemics more difficult to contain, there is a need for effective
preventive interventions that reduce the risk of zoonotic spillover events. Public policies can play a key role in
preventing spillover events. The aim of this review is to identify and describe evaluations of public policies that target
the determinants of zoonotic spillover. Our approach is informed by a One Health perspective, acknowledging the
inter-connectedness of human, animal and environmental health.

Methods In this systematic scoping review, we searched Medline, SCOPUS, Web of Science and Global Health in
May 2021 using search terms combining animal health and the animal-human interface, public policy, prevention
and zoonoses. We screened titles and abstracts, extracted data and reported our process in line with PRISMA-ScR
guidelines. We also searched relevant organisations' websites for evaluations published in the grey literature. All
evaluations of public policies aiming to prevent zoonotic spillover events were eligible for inclusion. We summarised
key data from each study, mapping policies along the spillover pathway.

Results Our review found 95 publications evaluating 111 policies. We identified 27 unique policy options including
habitat protection; trade regulations; border control and quarantine procedures; farm and market biosecurity
measures; public information campaigns; and vaccination programmes, as well as multi-component programmes.
These were implemented by many sectors, highlighting the cross-sectoral nature of zoonotic spillover prevention.
Reports emphasised the importance of surveillance data in both guiding prevention efforts and enabling policy
evaluation, as well as the importance of industry and private sector actors in implementing many of these policies.
Thoughtful engagement with stakeholders ranging from subsistence hunters and farmers to industrial animal
agriculture operations is key for policy success in this area.

Conclusion This review outlines the state of the evaluative evidence around policies to prevent zoonotic spillover
in order to guide policy decision-making and focus research efforts. Since we found that most of the existing policy
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evaluations target downstream’ determinants, additional research could focus on evaluating policies targeting
‘upstream’ determinants of zoonotic spillover, such as land use change, and policies impacting infection intensity and
pathogen shedding in animal populations, such as those targeting animal welfare.

Keywords Zoonotic spillover, One health, Public policy, Evaluation, Emerging zoonoses, Deep prevention

Background

The increasing incidence of zoonotic emerging infec-
tious diseases (EIDs) has been attributed to behavioural
practices and ecological and socioeconomic change, and
is predicted to continue in the coming years [1]. Higher
levels of anthropogenic activity, including agricultural
intensification, urbanisation and other forms of land use
change, have led to increased interactions between wild-
life, humans and livestock, increasing the risk of cross-
species transmission [2—4]. Meanwhile, accelerating rates
of globalisation and urbanisation, leading to increased
global movement of people and goods and more dense
human settlements, have made outbreaks of disease
in human populations more difficult to contain [5]. In
response, a call has been issued by leading organisations
and experts, including the United Nations Environment
Programme, the International Livestock Research Insti-
tute and the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services, to complement
reactive policy responses with policies that prevent zoo-
notic EIDs [1, 6-10]. This approach, sometimes called
deep prevention, would need to target upstream drivers
to reduce the risk of outbreaks occuring [11].

Zoonotic spillover, defined as the transmission of a
pathogen from an animal to a human, depends on the
alignment of ecological, epidemiological and behavioural
factors [12]. Zoonotic pathogens must be transmitted
across a spillover pathway (Fig. 1) in order to induce
infections in humans [12, 13]. This involves meeting a
series of conditions including appropriate density and

Domesticated
animal
exposure

Within-
domesticated

animal barriers

Fig. 1 Spillover pathway adapted from Plowright et al. [12, 13]
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distribution of reservoir hosts, pathogen prevalence,
infection intensity and human exposure [12]. Across
this pathway, a number of drivers of zoonotic spillover
have been identified, including changes in wildlife and
livestock populations [14]; deforestation, urbanisation
and other forms of land use change [15, 16]; bushmeat
consumption [17-19]; and a variety of human practices
including hunting, farming, animal husbandry, min-
ing, keeping of exotic pets and trade [8, 9, 20-22]. These
large-scale changes have repeatedly given rise to spillover
events [2, 15, 23], sometimes involving pathogens with
epidemic or pandemic potential [24].

The responsibility for addressing zoonotic disease fre-
quently spans multiple sectors of governance due to its
relevance for both animals and humans. A One Health
perspective, which recognises the health of humans, ani-
mals and the environment as being closely linked and
inter-dependent [25], can be useful in understanding
the spillover pathway and drivers of spillover events, as
well as informing policy and governance approaches to
address this cross-sectoral problem. At the international
level, the World Health Organization, the Food and Agri-
culture Organization, the World Organisation for Animal
Health and the United Nations Environment Programme
have endorsed a One Health approach to policymaking
to respond to zoonotic infectious diseases, emphasising
collaboration between agencies [26].
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Operationalising a One Health approach to policy

While One Health is a promising approach to prevent-
ing zoonotic EIDs, operationalising this concept remains
a challenge. Evaluative evidence exists around the effec-
tiveness of interventions to prevent spillover events [13,
27-29], however these have often been implemented as
short- to medium-term programmes or academic inves-
tigations [8]. In some cases, zoonoses have re-emerged
after successful programmes have ended [29]. As a result,
experts have argued for the incorporation of successful
interventions into policy frameworks, providing inter-
ventions with the sustainability required for long-term
disease control [8, 10].

Operationalising a One Health approach to policy
involves understanding the policy options, identifying
the stakeholders involved and developing insights into
how to successfully implement and evaluate these poli-
cies. Although the longevity and scope of government
actions may make policy an effective vehicle for preven-
tion of emerging diseases, implementing policy is a com-
plex process involving numerous actors with competing
views and interests [30]. This context presents challenges
for policy development and implementation. Where rel-
evant policies are designed and implemented in isola-
tion, opportunities for co-benefits may be missed and
interventions may produce unintended consequences
[31]. Finally, while evaluative evidence is key to inform-
ing future policy decisions, the complex systems in which
policies are often implemented make evaluation chal-
lenging [32].

Aims and scope

To provide insights around how to use policy to suc-
cessfully prevent zoonotic spillover events, it is neces-
sary to synthesise the available evaluative evidence. A
One Health perspective allows this evidence synthesis
to incorporate a wide range of policy instruments and
actors and to identify approaches to successfully imple-
menting and evaluating policies in this complex, multi-
sectoral context.

Approaches to managing epidemic and pandemic
infectious pathogens when they have entered human
populations have been systematically catalogued in the
medical literature [33—39]. These measures include hand
washing, face masks, school closures, contact tracing,
vaccination and case isolation. Further upstream, system-
atic reviews of interventions targeting the spillover path-
way have predominantly focused on programmes rather
than policies, and have been restricted by various charac-
teristics such as geographic region [28] or pathogen type
[29], or focused on programmes with an explicit endorse-
ment of a One Health approach [27]. In consequence, a
comprehensive understanding of what policies to prevent
zoonotic spillover have been evaluated, what actors are
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involved, and how to successfully implement and evalu-
ate them, is lacking. To address these research gaps, our
objective was to synthesise the existing evaluative evi-
dence around policies that target the determinants of
zoonotic spillover.

Our approach to identifying and analysing this litera-
ture was informed by a One Health perspective, acknowl-
edging the inter-connectedness of human, animal and
environmental health.

Methods

We conducted a systematic scoping review of evaluations
of policies aimed at preventing zoonotic spillover events,
based on a previously published protocol [40]. Results
are reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Exten-
sion for Scoping Reviews [41]. The scoping review was
conducted in line with guidelines published by Arksey
and O’Malley and refined by Levac and colleagues [42—
44], which emphasise an iterative approach suited to an
exploratory research question.

The One Health perspective guided the development
of the review methodology. This included the search
strategy and inclusion criteria, which allow for the inclu-
sion of policies focused on human, animal or environ-
mental health (or any combination of these areas) and
with leadership from one or more of these sectors, and
the research questions, which seek to outline the poli-
cies and the range of sectors involved in implementa-
tion. While our focus on the spillover pathway meant we
only included policies that had been evaluated in terms
of their impacts on animal and human population distri-
butions, health and interactions, we explicitly searched
for environment-focused policies (e.g., protection of
wetlands and other wildlife habitats) that might have
been evaluated from this perspective. We also aimed to
interrogate the One Health approach to governance, by
assessing to what extent cross-sectoral collaboration — a
key tenet of One Health practice [25] — emerged as a rea-
son for policy success.

Stage 1: identifying the research question
Informed by our research objective, our research ques-
tions were:

+  What policies aimed at preventing zoonotic spillover
(i.e., policies that target the determinants of zoonotic
spillover included in the spillover pathway [12]:
population distribution, health and interactions)
have been evaluated?

— What are the types of policies?
— Which policy actors (single department, multi-
sectoral, whole of government) are involved?
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«  What are the reasons for policy success and failure,
and the unintended consequences of implementing
these policies?

+ How has evaluation of these policies been
approached in the literature?

— What are the methods or study designs used?

— What are the outcomes?

— What are the opportunities and challenges for
evaluation?

Stage 2: identifying relevant studies

We systematically searched four electronic databases
(Medline, Scopus, Web of Science, Global Health) in
May 2021. The search strategy was organized by the main
concepts in our research question: the spillover pathway;
public policy; prevention; and zoonotic pathogens. The
search strategy was developed iteratively, informed by
existing systematic reviews focused on related concepts
[28, 45-49] and known indicator papers meeting inclu-
sion criteria. We also searched the websites of 18 organ-
isations involved in the prevention of zoonotic spillover
to identify relevant grey literature. The choice of organ-
isations was informed by an actor mapping exercise in
which we identified key international organisations work-
ing on the prevention of emerging zoonoses using net-
work sampling [50]. We searched the websites of a subset
of these organisations, focusing on inter-governmental
organisations and organisations whose main focus was
zoonotic disease. See Supplementary File 1 for details of
academic database and grey literature search strategies.

Stage 3: study selection
Studies were included if they met the following criteria:

+ Primary empirical study with an English-language
abstract from any country or region (reviews were
excluded);

« Study reporting empirical findings from an
evaluation of any sort; and.

«+ Study focused on a policy implemented by
government that targets the determinants of
zoonotic spillover.

Academic records identified through the searches were
collated and double screened using the online platform
Covidence [51]. Two researchers (CCA and KML) ini-
tially screened titles and abstracts. Title and abstract
screening of an initial set of 100 papers was undertaken
by both researchers independently. Results were com-
pared to ensure consistency in decisions around study
eligibility, and discrepancies were resolved through con-
sensus. This process was repeated until an acceptable
level of agreement (>90%) was reached. The remaining
papers were then screened by one of the two review-
ers. Full-text screening was undertaken by two inde-
pendent researchers and discrepancies were resolved by
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consensus. Studies with full-texts in any language were
eligible for inclusion if they include an English-language
abstract. Full-text studies published in French, Span-
ish or Chinese were single-screened by a member of
the research team fluent in that language (CCA or AY).
Studies published in other languages were translated as
necessary.

Grey literature was screened by one researcher (CCA)
to determine whether it met the inclusion criteria. Publi-
cations were initially screened by looking at titles, tables
of contents and executive summaries. Where these indi-
cated that the publication might be eligible, documents
were read in full to determine if inclusion criteria were
met.

In line with published guidelines, the approach to study
selection was refined iteratively when reviewing articles
for inclusion [42-44].

Stage 4: charting the data

Data charting was conducted using a form designed to
identify the information required to answer the research
question and sub-research questions (see Supplemen-
tary File 2). Data charting focused on characteristics of
the study, the policy, and the evaluation. For each policy,
this included identifying which determinant of zoonotic
spillover situated along the spillover pathway was being
targeted. For the purpose of this study, we used a model
of the spillover pathway adapted from Plowright et al’s
work [12, 13], in which we differentiated between wildlife
and domesticated animals (Fig. 1). This differentiation is
important in the policy context, as the wildlife-domesti-
cated animal interface is an important site for interven-
tion, as well as the human-animal interface.

The data charting form was piloted with ten records to
ensure that it was consistent with the research question,
and revised iteratively [42—44]. Data charting was con-
ducted by one researcher (CCA, RM, JC, AD or PS) and
checked by a second researcher (CCA or KML). Discrep-
ancies were resolved by consensus.

Stage 5: collating, summarising and reporting the results

Our protocol stated that we would use the Quality
Assessment Tool for Quantitative Studies developed by
the Effective Public Health Practice Project [52] to assess
study quality [40]. However, on reviewing the included
studies we selected two tools that were more appropri-
ate to their characteristics: (1) ROBINS-I [53] for quan-
titative outcome evaluations and (2) a tool developed
by the authors of a previous review [54] — based on
Dixon-Woods et al’s approach to assessing study cred-
ibility and contribution [55] — for all other study types.
Two researchers (CCA and KML) assessed study qual-
ity independently for an initial set of 10 studies, before
comparing assessments and reaching agreement where
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discrepancies occurred. This process was repeated until
an adequate level of agreement was reached (>90%). The
remaining studies were assessed by a single researcher
(CCA or KML). Records were not excluded based on
quality assessment. Instead, assessments were primar-
ily used to help synthesize the literature on how policies
were evaluated. Quality assessment was not performed
on grey literature due to the wide variability in the format
and comprehensiveness of included publications.

We analysed the charted data, presenting a numerical
summary of the included studies in table form, allowing
us to describe the range of policy interventions that have
been evaluated, aspects of policy implementation and
approaches to evaluation. Based on the charted data, we
inductively grouped evaluated policies with similar char-
acteristics into policy types and assigned a policy instru-
ment to each policy type: communication/marketing,
guidelines, fiscal, regulation, legislation, environmental/
social planning or service provision. We mapped policy
types onto the spillover pathway shown in Fig. 1 to out-
line the policies that have been used to target each of
these determinants. Thematic analysis was conducted
using the approach described by Braun and Clarke where
the focus is guided by the researcher’s analytic interests
[56], with five overarching themes chosen as an a priori
coding framework: (1) reasons for policy success; (2)
reasons for policy failure; (3) unintended consequences
of policy implementation; (4) opportunities for policy
evaluation; and (5) challenges for policy evaluation. We
selected these themes based on our research questions
and previous familiarisation with the included articles
during the process of article selection, data extraction
and quality assessment. Sub-themes were subsequently
identified through close reading and coding of the
included articles. Thematic analysis was conducted by
one researcher (RM) using the qualitative data analysis
software Dedoose [57] and reviewed by the lead author
(CCA).

Results

Study characteristics

After removing duplicates, our searches identified a total
of 5064 academic records. After screening titles and
abstracts, we considered 330 records for full-text review.
We also identified 11 relevant publications through our
grey literature search. Grey literature reports were pub-
lished by five organisations: four organisations focused
on health and disease, including an intergovernmental
organisation (the World Organisation for Animal Health)
and three non-governmental organisations (the One
Health Commission, the Global Alliance for Rabies Con-
trol and EcoHealth Alliance); and one non-governmen-
tal organisation focused on wildlife trade (TRAFFIC).
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In total, we included 95 publications in this review
(PRISMA diagram in Fig. 2) [58].

We excluded studies which assessed the unintended
consequences of policies to prevent zoonotic spillover
without evaluating their effectiveness. This included
studies that looked exclusively at the mental health
impacts of mandatory livestock culls on farm workers
[59]; studies which focused on potentially relevant fac-
tors, such as the wildlife trade, but with no consideration
of outcomes situated on the spillover pathway [60]; and
studies which assessed the detection power of surveil-
lance systems without assessing the impact of associated
policy interventions [61-63].

Policy characteristics

The characteristics of the policies evaluated in the
included studies are presented in Supplementary File 3
and summarised in Table 1. Some studies evaluated more
than one policy, particularly modelling studies which
compared the impacts of several policy options and pro-
cess evaluations focused on a range of activities under-
taken by a single government. Therefore, the number of
evaluated policies (n=111) is greater than the number of
included studies (n=95).

Most policies were evaluated for their impact on
human exposure (21%), pathogen prevalence in domes-
ticated animals (18%), barriers within domesticated
animals (15%), and pathogen survival and spread in
domesticated animals (9%). There were also a number of
multi-component policies studies across multiple stages
of the spillover pathway (18%). Fewer studies focused on
wildlife health and populations, and none of the included
studies evaluated policies for their impact on infection
intensity and pathogen release in either domesticated
animals or wildlife.

Where the government department responsible for
implementing a policy was identified in the paper, most
policies were implemented by a single department
(35%), although there were a number of multi-sectoral
efforts (24%). The range of government sectors respon-
sible for implementing policies to prevent zoonotic spill-
over included human health, animal health, food safety,
agriculture, conservation, national parks, forestry, fish-
eries, environmental protection, border control and
foreign affairs. Policies were predominantly intended to
be implemented by private sector actors, including indi-
viduals and organisations working in trade, retail, hunt-
ing and animal agriculture. However, some policies were
also implemented by public sector actors working in pub-
lic health, veterinary public health and environmental
conservation.

Most policies were situated in high-income (49%) and
upper middle-income (28%) countries, with studies from
East Asia and the Pacific (43%) and Europe and Central
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Identification of studies via databases and registers

L Identification of studies via other methods }

Fig. 2 PRISMA 2020 diagram [58]

Asia (19%) dominating. Publications focused on policies
targeting various zoonotic diseases, with the most com-
mon being avian influenza (50%), rabies (19%), brucello-
sis (11%) and Hendra virus (4%).

Most policies were evaluated using process (38%) or
outcome (31%) evaluation. The most frequently used
policy instrument was legislation (59%), particularly for
managing pathogen spread in domesticated animals
through measures such as mandatory vaccination, culls
or disinfection protocols. Meanwhile, communication
and marketing or service provision was more typically
used to reduce risk in wildlife and human populations,
for example by providing guidance around recommended
hygiene protocol, by distributing oral vaccination in
wildlife habitat or by offering vaccination to human
populations.

What policies aimed at preventing zoonotic spillover have
been evaluated?

Policy types targeted different determinants across
the pathway to zoonotic spillover and used various
approaches with different evidence of success (Table 2).
We identified policy options including culling — both
general and targeted — of wild and domesticated animals;
habitat protection (limiting activities such as agriculture
and animal husbandry in wildlife habitats); supplemental

—\
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feeding to control wildlife movements; vaccination of
both wildlife, domesticated animals and human popu-
lations with occupational exposure to animals; policies
to improve biosecurity in sites where animals are kept,
slaughtered and sold, including mandates and informa-
tion campaigns; live animal market closures; and bans on
hunting and selling wildlife. Where outcomes or impacts
were evaluated, most policies saw some level of success
(i.e., outcome measures were found to vary in a direction
that indicated policy success), though relative effective-
ness was not assessed due to variation in study design
and outcome measure. Policies with consistent evidence
of effectiveness — where outcome measures varied in
a direction that indicated policy success in all studies
included in the review — included culling and sterilisa-
tion of wildlife populations, habitat protection, vaccina-
tion in wildlife and domesticated animal populations and
mandated disinfection protocols. Policies with equivocal
evidence of success (i.e., outcome measures varied in dif-
ferent directions or studies had different findings, some
indicating success and some indicating failure) included
supplemental feeding of wildlife, pre-emptive livestock
culls, live animal market closures and bans on wildlife
hunting, trade and consumption. For many policies, there
were no impact or outcome evaluations identified in this
review.
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Table 2 Policies identified across the pathway to zoonotic spillover, adapted from [12, 13]

Stage in pathway Policy types and example studies Policy instrument Policy
success’
Wildlife distribution  Culling of wildlife populations [64] Service provision Success
and density Sterilisation of wildlife populations [64] Service provision Success
Supplemental feeding of wildlife [65] Service provision Equivocal
Habitat protection [66] Legislation Success
Pathogen prevalence Vaccination campaign using oral bait [67-69] Service provision Success
in wildlife Border surveillance and biosecurity [70] Legislation Success
Infection intensity None identified N/A N/A
and pathogen release
in wildlife
Wildlife pathogen Regulations around disposing of infected wildlife carcasses [71] Regulation Success
survival and spread
Domesticated animal  Mandated separation of wildlife and livestock [72] Legislation N/A
eXposure Ban on feeding catering waste to livestock [73] Legislation N/A
Information leaflets to change animal owner behaviour (e.g., stabling animals Communication/marketing N/A
overnight, placing feed and water away from wooded areas where wildlife live)
[74,75]
Within-domesticated  Vaccination of livestock or other domesticated animals [74, 76-78] Service provision (providing Success
animal barriers government veterinarians of-

fering free vaccination)
Legislation (mandating
livestock vaccinations to be
undertaken by owners)

Domesticated animal  Limits on live animal market size [79] Legislation Success
distribution and

density

Pathogen prevalence Animal quarantine (testing, prophylaxis, culling of infected animals) [80] Legislation N/A

in domesticated Screen and cull of infected animals [81-83] Legislation Success
animals Pre-emptive cull (e.g. ring cull, general cull) [84, 85] Legislation Equivocal
Infection intensity None identified N/A N/A

and pathogen release
in domesticated

animals
Pathogen survival Mandated rest days in live animal markets [86, 87] Legislation Success
and spread in domes-  Mandated disinfection of livestock premises [88-90] Legislation Success
ticated animals Information campaign to encourage improved biosecurity practices in live animal ~ Communication/marketing Success
markets [91]
Legislation around disposing of infected livestock carcasses [92, 93] Legislation N/A
Human exposure Live animal market closure [89, 94-96] Legislation Equivocal
Ban on trade, hunting, sale or consumption of wildlife [97-99] Legislation Equivocal
Information campaign encouraging safer hunting practice [100, 101] Communication/marketing N/A
Guidelines for visitor and exhibitor hand sanitation at agricultural fairs [102, 103] Communication/marketing N/A
Mandated central slaughtering [104] Legislation N/A
Within-human Post-exposure prophylaxis (e.g. after encountering wildlife or a domesticated Service provision N/A
barriers animal with symptoms of zoonotic disease) [105, 106]
Targeted vaccination of individuals with occupational exposure to animals (e.g. Service provision N/A
poultry workers) [107]
Mass drug administration for humans in areas of endemic disease and widespread  Service provision Equivocal
exposure to animals [108]
Multiple stages Multi-component interventions [109-114] Multiple approaches Equivocal

'Equivocal: outcome measures varied in different directions or studies had different findings, some indicating success and some indicating failure; success: outcome
measure(s) varied in the intended direction; failure: outcome measure(s) did not vary in the intended direction; N/A: no impact or outcome evaluations of this policy
type identified in the review
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What are the reasons for policy success?

The evidence from the identified impact and outcome
evaluations suggests that most of the policies succeeded
to some extent. A range of factors contributed to policy
success. First, studies emphasized the importance of
effective collaboration and coordination between various
agencies, disciplines, and levels of government in the exe-
cution of policy directives [114, 115], in line with a One
Health approach to policy and governance. Policy suc-
cess was attributed, in part, to strong working relation-
ships that encouraged effective communication between
various government agencies, and facilitated timely and
appropriate policy responses [115]. Synergy between
agencies responsible for surveillance and the execution
of control strategies was also reported to be beneficial.
For example, prompt communication and effective col-
laboration between laboratories testing samples and
agencies implementing culls in the field was seen as
important in the control of highly pathogenic avian influ-
enza in Nigeria [116]. Similarly, authors also identified
the importance of private-public relations and private
sector contributions to implementing policies to prevent
zoonotic spillover [112]. This included stronger govern-
ment engagement with private veterinarians as a factor
for success in reducing the spillover of Hendra virus in
Queensland [109], and with farmers, poultry companies
and national farming and poultry processing associa-
tions in Ghana as part of a successful campaign to reduce
risk from highly pathogenic avian influenza [112]. Stud-
ies suggest that the inclusion of private sector stakehold-
ers in the policy process has the potential to improve
compliance through transparent dialogue around dis-
ease ecology, risk and risk mitigation [90, 91, 103, 117];
and highlight the utility of participatory approaches in
prompting behaviour changes [91].

Second, authors emphasised the significance of eco-
nomic incentives, suggesting that policy impact is depen-
dent on private actors’ appraisal of costs and benefits.
Studies illustrated how incentives, including compen-
sation, subsidies, rebates, and fines, have had varying
degrees of success [91, 97, 112, 115]. Compensation levels
[104, 114] and enforcement practices [92] were identi-
fied as salient factors for compliance and adherence. For
example, fear of sanctions for bushmeat hunting while a
ban was in place in some parts of West Africa were iden-
tified as a stronger incentive to avoid bushmeat hunting
than the fear of contracting Ebola virus [97]. Culls were
seen as particularly challenging in this regard: while the
long-term benefits for farmers may outweigh the finan-
cial loss [104], authorities need to be conscientious of
the substantial economic impacts when considering
policies that mandate culling or safe disposal [95]. The
direct losses related to compliance (time, labour and
expenses) and indirect losses due to price fluctuations
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and decreases in trade volume, as well as losses to associ-
ated industries, are substantial [88, 96, 113, 118].

Third, trust in government and public support for
implemented policy were specified as critical factors
influencing the effectiveness of disease control strate-
gies, and research suggests that strategic engagement to
facilitate compliance is a necessary step in the policy pro-
cess [97]. Participatory approaches that attempt to iden-
tify and understand factors influencing compliance have
been consistently used to overcome resistance to policy,
as insights from engagement and consultation can lead to
solutions that facilitate behaviour change at the popula-
tion level [91, 103]. For example, a World Health Orga-
nization initiative to reduce avian influenza transmission
in poultry markets in Indonesia worked alongside market
vendors to achieve its aims, carrying out repeated con-
sultations with the vendors and implementing market
infrastructure (such as energy and running water in the
market) in collaboration with local authorities to support
vendor behaviour change [91].

Fourth, studies also demonstrated the importance of
public communication. The quality of information, as
well as the volume, complexity and delivery of public
health messages, were key factors [75, 114]. Authors con-
tend that communication strategies must understand the
target audience and how they interpret and engage with
messages [97], for example by building on relationships
where there is exiting trust, such as between veterinari-
ans advising animal vaccination and animal owners [117].
Homogenously delivered communication strategies were
ineffectual: they limited opportunities for open discourse;
discounted contradictory lived experiences and expres-
sions of uncertainty; and ultimately contributed to scepti-
cism surrounding implemented policies [97, 117].

Finally, studies underscored the importance of surveil-
lance infrastructure to inform intervention strategies.
Surveillance programs with the ability to collect and
operationalize relevant data were essential to the devel-
opment of appropriate interventions that are responsive
to each unique context [115, 119]. Implementing effective
surveillance programmes requires the appropriate evalu-
ation tools [120] and trained personnel [81].

What are the reasons for policy failure?

Studies showed that perceptions of acceptability and
appropriateness were crucial to the effectiveness of
implemented policies [101, 104]. Several factors were
identified that negatively affected acceptability and
appropriateness, including: additional expenses for pri-
vate sector actors without sufficient support [75, 100,
104, 112, 114], particularly were culls were demanded
but reimbursement for farmers was slow and inadequate,
as in a brucellosis eradication campaign in Macedonia
[81]; lack of affordable alternatives [97]; impracticality of
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implemented strategies [75, 101]; lack of cultural under-
standing in designing policy interventions [97, 100], for
example the distribution of footwear to pig farmers in a
Polynesian context where footwear was not traditionally
worn [100]; lack of understanding of viral ecology [100];
as well as public scepticism and distrust [97, 114].

Additionally, policy ineffectiveness was associated
with poor planning and execution of intervention strat-
egies, including lack of clear direction [114]; incomplete
or inconsistent implementation of control measures (17);
limited scope of intervention [114]; and poor enforce-
ment [92]. A lack of adequate resources to implement
strategies also contributed to policy failure [81]. Ade-
quate financial resources were necessary to hire and
train staff to run surveillance and control operations [81].
Financial resources were also necessary to fund compen-
sation mechanisms that facilitate compliance. Willing-
ness to adopt policy-prescribed disposal practices was
found to be associated with compensation levels (incen-
tives) as a proportion of production price, dependency
on income from activities driving zoonotic risk, and con-
tact with prevention staff [92].

What are the unintended consequences of implementing
policies to prevent zoonotic spillover?

A small number of the included studies collected data on
the unintended consequences of policies to prevent zoo-
notic spillover (n=18). In some instances, unintended
consequences were due to disease ecology or human
behaviour as a result of policy failure. For example, a
study assessing the impacts of the closure of a live poul-
try market found that, following the closure, vendors
travelled to neighbouring markets to sell their animals
[94]. As a result, while cases of avian influenza decreased
in the area surrounding the closed market, cases
increased in these neighbouring markets, leading to the
wider geographic spread of the disease. In another study,
elk were provided with supplementary feeding grounds
to discourage them from coming into contact with the
livestock who shared their range [65]. While this inter-
vention had the intended consequence of reducing the
transmission of brucellosis between elk and livestock, the
spread of brucellosis between the elk using the supple-
mentary feeding grounds — who were gathering in larger,
tighter groups for longer periods, resulting in higher
within-herd transmission — and other elk populations in
the area increased. This resulted in an increasing preva-
lence of brucellosis among the elk, potentially increasing
the risk of spillover to livestock. These examples illustrate
the complexity of the social and ecological systems in
which these policies are implemented, further suggesting
the need for a One Health approach to policies to prevent
zoonotic spillover.
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A key unintended consequence can be attributed to the
loss of profits and livelihoods sometimes associated with
policies to prevent zoonotic spillover, as described above.
The losses incurred by complying with regulations made
farmers, hunters and other private sector actors reluctant
to report potential infections, contributing to increased
unauthorized or illegal activity, and unrestrained spread
of disease [90, 92, 94, 98, 112, 114]. Studies investigated
the creative ways policy enforcement was circumvented,
including hiding hunting equipment on the outskirts of
towns or developing informal trade markets and net-
works [97, 98]. Unintended consequences identified in
the included evaluations emphasize an opportunity for
policymakers to improve sector compliance through
public education, levying the influence of consumer atti-
tudes on industry standards [104, 113].

How has evaluation of these policies been approached in
the literature?

A range of study designs were used to evaluate policies.
Outcome evaluations (n=33) used time series or repeat
cross-sectional data to conduct evaluations of natu-
ral experiments, though most studies did not include a
control group for comparison. Outcome evaluations
also used case-control and modelling approaches to
assess policy impact on an outcome of interest. Process
evaluations (n=30) used cross-sectional and qualitative
approaches, as well as study designs combining multiple
sources of data, to understand aspects of policy imple-
mentation such as the extent to which the policy was
being implemented as designed, and the responses and
attitudes of stakeholders involved in policy implementa-
tion. Economic evaluations (n=11) included cost-benefit
analyses, risk-benefit analyses and modelling studies. For-
mative evaluations (n=17) used modelling approaches to
estimate what the impacts of a proposed policy option
would be in a specific context.

Outcome variables interpreted as indicators of policy
success were also numerous and represented determi-
nants along the spillover pathway. As expected, many
studies assessed impact on disease transmission, includ-
ing disease prevalence and incidence, disease eradication,
case numbers, and basic reproduction number in human
and animal populations, as well as evidence of disease in
environmental samples, such as in live animal markets or
at carcass disposal sites. Studies also assessed impacts on
intermediate factors indicative of successful implemen-
tation of specific policies, such as the availability of wild
species in markets where a trade ban had been imple-
mented, or knowledge and practices of stakeholders in
response to an educational or information campaign.

While most studies found a reduced risk of zoonotic
spillover following policy implementation, comparing the
magnitude of these impacts was challenging due to the
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variety of study designs and outcome measures used in
the included studies. However, we identified several stud-
ies which used modelling to directly compare the impacts
of policy options. These studies evaluated various policy
scenarios: different combinations within multi-com-
ponent policy interventions [121]; culling versus vacci-
nating wildlife [122] and livestock [84, 85] populations;
targeting strategies to humans exclusively versus target-
ing humans and livestock [108]; and altering the param-
eters for culling and vaccination strategies, for example
by modelling different ranges for culling and vaccination
near infected farms [85]. These studies often highlighted
trade-offs between the effectiveness of policy measures
and their cost. For example, estimates of the number of
infected flocks were lower when incorporating a ring cull
(cull of animals on farms surrounding an outbreak) into a
multi-component control strategy for highly pathogenic
avian influenza [121]. However, livestock vaccination was
estimated to be a highly effective strategy, with one study
findings livestock vaccination to be as or more effective
than a pre-emptive cull for outbreak control purposes
(depending on the extent of vaccination coverage), while
minimising the number of animals culled [85]. One study
jointly modelled costs and benefits of strategies, and
found that livestock vaccination had a higher cost-benefit
ratio than a wildlife cull [122]. A final study highlighted
the potential of holistic approaches, with drug adminis-
tration in humans and livestock having a lower cost per
disability-adjusted life year averted than intervention in
humans alone [108].

Study authors noted a number of challenges encoun-
tered while evaluating policies to prevent zoonotic
spillover. One study noted the difficulty of determining
the impact of policies aiming to reduce spillover events
between wildlife, livestock and humans, as the number of
spillover events is often relatively small [65]. This high-
lights the importance of considering upstream determi-
nants and risk factors as outcome measures in attempting
to evaluate these policies, particularly where spillover
events may happen infrequently or not at all during the
period of observation. Studying changes in risk factors
for spillover can provide insight on the effectiveness of
different policies in tackling spillover risk.

Lack of suitable data was a frequently cited barrier to
policy evaluation. As policies to prevent zoonotic spill-
over are often reactive, being implemented in response
to an outbreak in animal populations, accessing data
from before a policy was implemented was challenging.
Studies highlighted the value of routinely collected data,
which was often the only data available and was fre-
quently used for policy evaluation [65, 66, 94, 115, 119,
123]. However, in many contexts routine data on animal
health is not collected [80]. Routine testing data from
livestock can sometimes be used for evaluation where it
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exists, but it does not always provide sufficient detail for
examining the potential for a policy to prevent zoonotic
spillover. For example, some tests do not differentiate
between current and past infection, making it difficult
to identify where and when spillover occurred [65], and
animal health data may not be granular enough for policy
evaluation, particularly in terms of evaluating local poli-
cies [94]. Studies also highlighted instances where the
private sector may own data sets reporting disease preva-
lence and transmission, but may be reluctant to share the
data for evaluation purposes [121]. In such instances,
open communication and good relationships with the
private sector may be facilitators to evaluation.

Beyond the lack of baseline data, studies highlighted
the difficulty in collecting information about policy com-
pliance. As failing to comply often puts farmers and hunt-
ers at risk of fines or imprisonment, they were reluctant
to disclose information about non-compliance or partici-
pation in illegal trade and sale of animals [86, 92, 97, 112].
This made it difficult to determine policy effectiveness.

Quality assessment

Of the 44 quantitative evaluations, 37 were evaluated as
being at moderate or higher risk of bias (see Supplemen-
tary File 4), given the possibility of bias in the assessment
of intervention impact due to the presence of confound-
ing effects. A small number of studies were determined
to be at serious (n=6) or critical (n=1) risk of bias, for
two main reasons: only having data from after the inter-
vention was implemented; or using a case-control study
model without measuring and adjusting for important
potential confounders, such as the prevalence of a tar-
geted disease prior to policy implementation. These limi-
tations may reflect the nature of zoonotic spillover events
and policy responses, which can happen quickly and
leave little time for baseline data collection. Many of the
included studies relied on surveillance data, but where
such data sets are not available, post-test and case-con-
trol study designs may be the only options.

The quality of studies assessed with the tool developed
based on Dixon-Woods’ approach [55] was high overall
(n=41, see Supplementary file 5). Most studies were rated
as high in terms of clearly and comprehensively present-
ing their results (n=37), analysis (n=34), research design
(n=33), aims (n=32) and research process (n=28). Most
studies also had a high relevance to the research question
(n=31), indicating that the research was embedded in
policy, being commissioned, co-designed or conducted in
partnership with government stakeholders.

Discussion

We identified a range of policies targeting different parts
of the spillover pathway implemented by various policy
and governance sectors, including some multi-sectoral
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initiatives. Policies tended to rely heavily on private sec-
tor actors (including actors ranging from small-scale
farmers and hunters to larger commercial operations) for
implementation, suggesting that open communication
and collaboration with these actors was essential for suc-
cessful policy implementation. Policy success was under-
mined by lack of collaboration between government
agencies; lack of communication between surveillance
and control operations; poor understanding of the con-
text in which policies were implemented; and inadequate
financial compensation for private sector actors who lost
profits and incurred additional costs by complying with
policies. Where policies were ineffective, this tended to
be due to unintended consequences relating to complex
dynamics within the social and ecological systems where
policies were implemented. Lack of appropriate data was
a key obstacle to policy evaluation, and studies empha-
sised the importance of robust surveillance infrastruc-
ture in evaluating policies that tended to be implemented
reactively, in response to an outbreak of zoonotic disease
in animal or human populations.

Implications for policy and practice
The key role that the private sector and industry actors
play in implementing policies to prevent zoonotic spill-
over is an important consideration for policymakers. Our
findings suggest that many of these policies must be com-
plied with by farmers — from subsistence and smallholder
farmers to large corporations — as well as by other actors,
such as hunters. Lack of awareness as well as financial
costs of compliance among these groups present key bar-
riers to policy success in this area. This set of stakehold-
ers is complex as some may make very marginal profits,
if any, and may struggle to afford the additional costs of
implementing preventive policies. However, powerful
actors and profitable industries are also involved, includ-
ing large-scale farms and primary resource extraction
enterprises [22]. Acknowledging the differences across
these stakeholder groups, and in particular assessing their
capacity to bear some of the costs related to prevention,
emerges as crucial in successful policy implementation.
Finally, our findings highlight the importance of dis-
ease surveillance in efforts to reduce the risk of spillover
events. As well as acting as an early warning system,
surveillance provides a source of data to evaluate the
impact of preventive policies. We found the availability
of surveillance data to be a key enabling factor in evalu-
ating policies. In addition, close collaboration between
agencies responsible for disease surveillance and control
efforts was key to policy success. National surveillance
efforts, as well as cross-country collaboration to support
global efforts, such as the United States Agency for Inter-
national Development’s PREDICT program supporting
surveillance in areas at high risk for zoonotic disease
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outbreaks [124], must be sustained and expanded. In
complex areas such as the prevention of zoonotic spill-
over, approaches to surveillance which encompass risk
factors and transmission pathways [125], as well as One
Health surveillance systems which harmonise and inte-
grate data collection and analysis from across human,
animal and environmental sectors [126], are promising
approaches to developing surveillance systems that sup-
port risk. This context also involves a need to strengthen
surveillance capacity in remote and rural locations, as
communities living in these contexts may have expo-
sure to numerous pathogens of wildlife origin. This will
require strengthening clinical and diagnostic capacity in
these settings, as well as engaging with stakeholders such
as community human and animal health workers and
wildlife or national park rangers [127].

Comparison with existing literature

This review sought to map the range of policies imple-
mented to reduce the risk of zoonotic spillover, and the
various approaches taken to evaluation, and identify fac-
tors behind the success and failure of policy implementa-
tion and evaluation. Due to this broad scope, comparing
relative effectiveness of policy interventions was chal-
lenging. Existing systematic reviews with a more spe-
cific focus could apply meta-analysis to determine which
interventions were most effective. For example, a review
of market-level biosecurity measures aiming to reduce
the transmission of avian influenza found that reducing
market size, separating poultry species, cleaning and dis-
infecting premises, closing markets and banning over-
night storage were highly effective interventions [45].
However, our findings suggest that studies focused on
the control of avian influenza dominate the literature in
this space (55 out of 111 evaluated policies), and many
of these are focused on market-level measures. System-
atic reviews focused on other approaches to reduce spill-
over risk, such as on-farm biosecurity [47]; biosecurity
for backyard poultry rearing [46]; and community-based
interventions [28] comment on the paucity of high-qual-
ity evidence around the impacts of such approaches. By
taking a broad perspective, we hope our findings will pro-
vide policy options for consideration in a number of con-
texts, and guide researchers in focusing their efforts on
areas where evidence is lacking.

Strengths and weaknesses of the study

To our knowledge, this is the first attempt to systemati-
cally identify and document evaluations of policies aim-
ing to prevent the spillover of zoonotic pathogens into
human populations. However, because of the complex
drivers of spillover events, some potentially relevant
policy evaluations may be excluded where their outcome
measures are too far removed from zoonotic spillover.
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While relevant, such evaluations will be difficult to sys-
tematically identify as they make no reference to zoo-
notic disease.

In addition, this review focused on policy evaluations
that have been reported in the peer-reviewed literature
and the grey literature published by international agen-
cies and organisations working on these topics. Policies
that have been implemented but not evaluated, or evalu-
ated but not published in these literatures, will therefore
be excluded from this review. As a result, potentially
effective and important policies in the prevention of
zoonotic spillover events may not have been identified.
However, we hope that the findings from this review
will highlight these gaps in the evaluative evidence. We
also hope that this review, by extracting practical dimen-
sions, such as study design, outcome measures and the
challenges encountered in the evaluation process, will
support policymakers and researchers in carrying out
further policy evaluations in this space.

Unanswered questions and future research
Our findings highlight several important gaps in the evi-
dence. First, while observational evidence emphasises
the importance of upstream determinants such as envi-
ronmental and ecosystem health in the increasing rate
of zoonotic spillover [1, 15], we only identified a single
evaluation of a policy attempting to target one of these
upstream determinants: an evaluation carried out in
China to assess the impact of the Ramstar wetland pro-
tection program on avian influenza in migratory water-
fowl [66]. This study found that proximity to protected
wetlands reduced outbreak risk. Authors hypothesised
that this effect was due to the separation of wild water-
fowl and poultry populations and the diversion of wild
waterfowl away from human-dominated landscapes and
toward protected natural habitats. Our findings sup-
port existing calls for more quantitative and mechanistic
studies of the impact of interventions supporting envi-
ronmental and ecosystem health on zoonotic spillover
risk [128], as well as calls for greater integration of the
environment into One Health research, policy and prac-
tice [31]. Further evaluations of environment and habitat
protection policies would strengthen our understanding
of this area. In addition, the impact of policies to reduce
deforestation or expand forest coverage, such as China’s
Grain-to-Green program [129], on the spillover path-
way could be evaluated. Such evaluations might consider
potential unintended consequences, as these policies
could promote healthier wildlife populations with better
disease resistance, but may also facilitate wildlife popula-
tion growth and higher rates of wildlife-human encoun-
ters [130].

There is also a lack of evaluation of policies targeting
infection intensity and pathogen release in either wildlife
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or domesticated animals. These could include approaches
such as improving animal health and welfare to make
these populations more resistant to disease [13]. While
arguments have been made for strengthening legal struc-
tures supporting animal welfare in order to reduce the
risk of zoonotic pathogen transmission [131], there is a
need to evaluate policies that take this approach.

Conclusion

Our review found publications evaluating a wide range
of policy interventions spanning the spillover pathway,
including habitat protection; trade regulations; border
control and quarantine procedures; farm and market
biosecurity measures; public information campaigns; and
vaccination programmes for wildlife and domesticated
animals, as well as human populations with occupational
exposure to animals. A wide range of governance sectors
implemented these policies, highlighting the prevention
of zoonotic spillover as a cross-sectoral issue, though
most policies were implemented by a single sector. Our
findings highlight the importance of industry and private
actors in implementing policies to prevent zoonotic spill-
over, and the need for thoughtful and effective engage-
ment with this wide range of actors, from subsistence
hunters and farmers through to industrial animal agricul-
ture operations to address their concerns through a range
of incentives. We also identified the centrality of surveil-
lance data in evaluating policies that are often imple-
mented reactively, and effective collaboration between
surveillance and control operations as a central factor in
successful policy implementation.
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