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ARTICLE INFO ABSTRACT
Keywords: The ongoing coronavirus disease 2019 (COVID-19) pandemic threatens global health thereby causing un-
One Health precedented social, economic, and political disruptions. One way to prevent such a pandemic is through in-
SARS terventions at the human-animal-environment interface by using an integrated One Health (OH) approach. This
MERS

systematic literature review documented the three coronavirus outbreaks, i.e. SARS, MERS, COVID-19, to
evaluate the evolution of the OH approach, including the identification of key OH actions taken for prevention,
response, and control.

The OH understandings identified were categorized into three distinct patterns: institutional coordination and
collaboration, OH in action/implementation, and extended OH (i.e. a clear involvement of the environmental
domain). Across all studies, OH was most often framed as OH in action/implementation and least often in its
extended meaning. Utilizing OH as institutional coordination and collaboration and the extended OH both in-
creased over time. OH actions were classified into twelve sub-groups and further categorized as classical OH
actions (i.e. at the human-animal interface), classical OH actions with outcomes to the environment, and ex-
tended OH actions.

The majority of studies focused on human-animal interaction, giving less attention to the natural and built
environment. Different understandings of the OH approach in practice and several practical limitations might
hinder current efforts to achieve the operationalization of OH by combining institutional coordination and
collaboration with specific OH actions. The actions identified here are a valuable starting point for evaluating the
stage of OH development in different settings. This study showed that by moving beyond the classical OH
approach and its actions towards a more extended understanding, OH can unfold its entire capacity thereby
improving preparedness and mitigating the impacts of the next outbreak.

COVID-19
Collaboration
Disease ecology

1. Introduction concern and a global pandemic [1]. With the Severe Acute Respiratory
Syndrome coronavirus (SARS-CoV) in 2002/2003 and the Middle East

At the end of 2019, the novel Betacoronavirus, Severe Acute Respiratory Syndrome coronavirus (MERS-CoV) in 2012, this is the
Respiratory Syndrome coronavirus 2 (SARS-CoV-2), crossed the animal- third time within the last 20 years that Betacoronaviruses have crossed
human barrier resulting in a public health emergency of international the animal-human species barrier resulting in major zoonotic outbreaks
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[2].

The first SARS outbreak began in the Guangdong Province, China, in
late 2002 with 300 cases of atypical pneumonia [3,4]. Despite the
measures issued by the Chinese Government and the World Health
Organization (WHO) to stop the transmission, SARS spread to “5
countries within 24 hours and to more than 30 countries on 6 continents
within 6 months” ([5], p. 3), with over 8000 cases worldwide and a 10%
fatality rate between 2002 and 2003 [6]. The primary source of infec-
tion was attributed to wild mammals traded in local markets for human
consumption [5,7]. The epidemic was brought under control by a re-
markable coordinated response [4], albeit impacting significantly 36
countries socially, politically, and economically [8].

In mid-2012, MERS emerged in Saudi Arabia due to human ex-
posure to MERS-CoV-infected dromedary camels [9]. Further human-
to-human transmission spread it to 27 countries across the globe
[10-16] with a total of 2519 laboratory-confirmed cases globally and a
case-fatality rate of 34.3% until January 2020 [17]. Measures to control
and prevent MERS involved aggressive contact tracing, quarantine, and
isolation of the cases [18,19].

On December 8, 2019, the first case of a new atypical pneumonia
was confirmed in Wuhan City, China, and since then spread throughout
the world [20]. Several million cases have been confirmed in approxi-
mately 188 countries as of September 2020 [21]. Based on countries'
situations and capacities, various strategies have been implemented to
control the pandemic. Those strategies include case detection followed
by contact tracking and isolation, avoidance of close contacts between
humans (e.g. physical distancing) through lockdown procedures [22],
Water, Sanitation and Hygiene (WASH) interventions (particularly
hand-hygiene) [23], and the use of personal protective equipment, in
addition to increasing available capacities in the health care system.

Increasing human-animal interactions have amplified the likelihood
of cross-species infections and spill-over events [24]. Epidemiological
links of the three coronavirus outbreaks point to the human-animal
interface, highlighting the importance of considering prevention stra-
tegies with an integrated approach such as “One Health” [25]. The One
Health (OH) approach considers the human-animal-environmental in-
terdependence through multi-sectoral collaborations [26] and re-
cognizes that prevention and “zoonotic disease control programs are most
effective when the broader socioeconomic and ecological determinants of
health are included” ([27], p. 66).

The outbreaks of SARS, MERS, and COVID-19 represent ideal cases
for analyzing how the OH approach has been used concerning those
zoonotic diseases. Reviewing the experiences and lessons learned from
the epidemics allows envisaging the future of public health and OH.
Through a systematic literature review, this work contributes to the
further development of the OH approach moving from surveillance to
the prevention of public health emergencies. The study aims to un-
derstand the evolution of the OH approach in relation to SARS, MERS,
and COVID-19, and to identify the key OH actions taken for prevention,
response, and control of those.

2. Methods
2.1. Study selection

This study used a systematic literature review to analyse how the
OH approach was framed in the context of several coronavirus out-
breaks, thereby following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) selection method to identify re-
levant studies [28]. Eight databases were systematically searched (i.e.
Google Scholar, JStor, PubMed, Science Direct, Springer Link, Taylor
and Francis Online, Web of Science, and Wiley Online Library). The
search terms were inspired by Elsevier's “Novel Coronavirus Informa-
tion Center” [29], and further organized into coronaviruses and com-
bined with OH: (i) coronavirus or “corona virus”, (ii) “COVID-19” or
“2019-nCov” or “SARS-CoV-2”, (iii) “Severe Acute Respiratory
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Syndrome” or “SARS-CoV” or “SARS”, (iv) “Middle East Respiratory
Syndrome” or “MERS-CoV” or “MERS”, and “One Health”. The litera-
ture search was repeated several times between April and September
2020 to identify newly published studies constantly.

Studies were considered suitable for inclusion if they specifically
mentioned OH in their title or abstract in combination with either
SARS, MERS, or COVID-19. Scientific publications in the form of case
reports, correspondences, data articles, discussions, editorials, research
and review articles, or short communications were included. However,
books or book reviews, conference proceedings, and meeting abstracts,
front matters, news, posters, practice guidelines, presentations, re-
plication studies, or software and video publications were not con-
sidered. The year of the SARS outbreak (2002) was set as the starting
point and only studies published in English were included. The full-
texts of the studies that met the inclusion criteria were assessed for
eligibility subsequently. Only studies that demonstrated an explicit and
clear link between OH and coronaviruses were included in the final
synthesis.

2.2. Synthesis of results

The studies were divided into two OH approaches observed in the
general literature. The first denoted as “classical OH approach” ad-
dressed the “management of the disease threats to humans and animals”
([301, p. 372); the second, referred to as “extended OH approach”
looked into the close interrelationship between humans and animals
with ecosystems, environmental health, pathogens, and the broader
social, cultural, and economic factors [31-33].

For classifying the studies, data were extracted into a purpose-built
data extraction form in a Google Spreadsheet including details on study
type, spatial scale, methodological approach, OH domains (animal,
human, and environment), OH actions, and OH understanding. The
varying nature of the studies did not allow for any internally consistent
and comparable quality assessment.

The OH understandings were categorized into groups derived in-
ductively from the wording used by the authors in their texts. Other
classifications of OH proposed in the literature [e.g. 34,35] provided a
basis for defining the groups. It was thereby possible for a study to be
associated with more than one group. Three groups were identified
following the patterns of how OH was utilized:

e Institutional coordination and collaboration: OH was framed as a
way to communicate, coordinate, and collaborate among stake-
holders across sectors in a multi — /inter — / and/or transdisciplinary
manner to solve complex health challenges.

One Health in action/implementation: OH was used in a way to
provide a frame for the actions introduced or proposed to prevent
and control the respective disease outbreak, e.g. through surveil-
lance and monitoring.

Extended One Health: OH was framed as a more comprehensive and
extended understanding, thereby emphasising the role of the en-
vironment (either built or natural) and highlighting the complex
interactions at the human-animal-environment interface as well as
social, structural and ecological changes.

The documents were also scanned for specific actions that were used
or proposed within the OH framework for prevention, control, or re-
sponse, targeting either SARS, MERS, or COVID-19. The OH actions
were classified into twelve sub-groups using terminology observed in
the publications to determine the levels of application: (1) Animal
movement and interaction between animals and with humans; (2)
Awareness creation, operating protocols, and policies; (3) Control and
understanding of pathogens; (4) Diagnosis, detection, and treatment
capacities; (5) Environmental management and pollution control; (6)
Food safety; (7) Human travel control and community control strate-
gies; (8) Immunization; (9) Information management; (10) OH capacity
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development and research; (11) Preparedness and response plans; and
(12) Surveillance and monitoring. The OH classical and extended ap-
proaches were used to segregate the OH actions further.

The results are presented quantitatively and are complemented by a
qualitative synthesis in the discussion.

2.3. Limitations

Publication bias also applies to this review. However, the influence
can be considered low because this study focused on how the respective
authors framed OH in the context of coronaviruses, instead of specific
(positive) outcomes. Moreover, selection bias can influence this study
because this analysis only considered studies published in English. Due
to the inclusion of reviews and editorials, it may be possible that some
OH understandings and actions were counted more than once. This
potential bias was addressed by grouping OH understandings and ac-
tions and not relying on individual studies for the analysis. Further
consideration has to be given to the fact that the OH approach emerged
in the early 2000s, was included in the global health discourse in 2004,
and its adoption by international organizations occurred only in 2008
[36]. This may explain why the SARS outbreak in 2002/2003 is covered
by far the least in the studies included.

The classification of OH understandings and actions was made
based on the words used in the studies, which does not necessarily
reflect on the general opinions of the authors concerning OH.

3. Results
3.1. Study selection

The initial online database search, after duplicates were removed,
yielded 478 studies. The study selection process for final analysis is
illustrated in the PRISMA flow chart (Fig. 1) [28]. Titles and abstracts of
all studies were screened of which 86 were included for full-text as-
sessment for eligibility. Out of those, 53 studies met the inclusion cri-
teria and were included in the final synthesis (a list of all included
studies can be found in supplementary material A).
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Table 1
Characteristics of all 53 studies included for the final synthesis.
Group Characteristic No. %
Spatial scale Global 34 64%
Regional 10 19%
National 9 17%
Study type Editorial 13 25%
Opinion and perspectives 12 23%
Original article 10 19%
Review 18 34%
Year 2013 1 2%
2015 2 4%
2016 2 4%
2017 2 4%
2019 7 13%
2020 39 74%
Disease focus SARS 4 7%
MERS 20 37%
COVID19 37 69%

Note: The sum of the disease focus sub-groups adds up to more than the total of
studies because some focused equally on both SARS and MERS; the sum of
percentage might not add up to 100% due to rounding.

3.2. Study characteristics

Table 1 displays the characteristics of the included studies. The
majority of studies were conducted on a global scale, followed by stu-
dies at the national and regional scale, with the majority of countries in
the Middle East and North Africa (MENA) that reported MERS out-
breaks. Literature reviews and mini-reviews were the most numerous
group. Opinions and perspectives, position statements, and commen-
taries, as well as editorials, guest editorials, and letters to the editor
followed. Original research articles had the lowest count. There was a
steep increase in publications in 2019 and 2020 explained by the out-
breaks of MERS and COVID-19, after a period of relatively few studies
between 2013 and 2017. Most studies focused on COVID-19, followed
MERS and SARS.

Records identified through

database searching:

JSTOR
(n=30)

Google Scholar
(n=52)

ScienceDirect
(n=49)

SpringerLink
(n=129)

Identification

Web of Science
(n=106)

PubMed
(n=120)

Taylor & Francis Online
(n=44)

Wiley Online Library
(n=117)

Records after duplicates removed

(n=478)

(n=478)

Screening

(n=390)

Eligibility

(n=86)

Included

(n=53)

Records excluded

Full-text articles
assessed for eligibility

Titles and abstracts screened

Full-text articles excluded,
* no use of OH concept (n=12)
* no explicit/clear link between
OH and coronaviruses (n=21)

Studies included in synthesis

Fig. 1. PRISMA flow chart diagram of the systematic review showing the selection process of relevant studies [28].
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Table 2a

One Health understandings identified in studies dealing with SARS or MERS (2013-2020).

One Health 10 (2020) 100170

Study

Study type

One Health understanding

Institutional coordination & collaboration

OH in action / implementation

Extended OH

SARS or MERS (2013-2020)

Heymann & Dixon (2013)
Crameri et al. (2015)
Edelstein & Heymann (2015)
Widagdo et al. (2016)
Zumla et al. (2016)
Alharbi (2017)

Daly (2017)

Dawson et al. (2019)
Farag et al. (2019a)

Farag et al. (2019b)
Hemida (2019)

Park et al. (2019)
Ramadan & Shahib (2019)
Werney et al. (2019)

Al Awaidy et al. (2020)
Hemida & Alnaeem (2020)

OmmOmmMEWM®OOO

I
o]

R
R
R
R

|4
o]

[ I ]

Mo oM X

LTI T T I I T T T )

Note: E = Editorials; O&P = Opinion and perspective; O = Original research; R = Review.

3.3. Results of the studies: OH understandings

Three types of OH understandings were identified inductively,
Tables 2a and 2b display each study sorted by publication year with
their respective study type, and OH understanding grouped into studies

Table 2b

dealing with SARS or MERS (2013 —2020) and COVID-19 (2020).
Across all studies, OH was most often framed as OH for institutional

One Health understandings identified in studies dealing with COVID-19 (2020).

coordination and collaboration (81%), followed by OH in action/im-
plementation, i.e. means for prevention and control (70%), and lastly in
its extended meaning concerned with the (natural) environment and

Study Study type One Health understanding
Institutional coordination & collaboration OH in action / implementation Extended OH
COVID-19 (2020) Ahmad & Hui (2020) E X X X
Ahmad et al. (2020) R X X -
Ayaji (2020) E X X X
Amuasi et al. (2020) O&P X - X
Bhatia (2020) O&P X X -
Bonilla-Aldana et al. (2020a) E X - -
Bonilla-Aldana et al. (2020b) E X X X
Chauhan et al. (2020) R X X -
Colunga-Salas & O&P - X X
Hernandez-Canchola (2020)
Decaro et al. (2020) O&P X X X
Dhama et al. (2020) R X - X
Di Guardo & Vignoli (2020) O&P X - -
Egeru et al. (2020) O&P X - X
El Zowalaty & Jérhult (2020) O&P X X X
Enticott & Maye (2020) [0} X - -
Espejo et al. (2020) (o} X - X
Gollakner & Capua (2020) O&P X X -
Helmy et al. (2020) R X - -
Hemida & Abduallah (2020) R - X X
Henley (2020) E X - X
Kaphle (2020) (6] X - -
Kasozi et al. (2020) E X - X
KC et al. (2020) R X - -
Konda et al. (2020) R X - -
Lorusso et al. (2020) (0] X X -
Majid et al. (2020) (0] - X -
Marty & Jones (2020) E X X -
Mobasheri (2020) O&P X X -
Muraina (2020) O&P X X -
Mushi (2020) E - X -
Parry (2020) E X - -
Pokharel et al. (2020) E X - -
Poudel et al. (2020) R X X -
Sun et al. (2020) (0] X X -
Wang et al. (2020) (6] X X -
Ward (2020) E X X -
Yasobant et al. (2020) R - X -

Note: E = Editorials; O&P = Opinion and perspective; O = Original research; R = Review.
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35 2a
30
25
=
*E 20
= 15
210
5
0
Institutional OH in action / Extended OH
coordination & implementation
collaboration
., 100% 2b
D
T 80%
= 60%
=
£ 40%
3
2 20%
2
&~ 0%
Institutional OH in action / Extended OH

coordination &
collaboration

implementation

SARS or MERS (2013-2020)  ®COVID-19 (2020)

Fig. 2. a/b. Number (2a, top) and proportion (2b, bottom) of studies grouped
by disease focus for each OH understanding.

interactions at the human-animal-environment interface (38%).

Segregating the studies according to their study types revealed that
OH was framed as institutional coordination and collaboration in most
editorials (92%) and opinion and perspective studies (92%), while 80%
of the original articles and only 67% of the reviews used it as such.
Understanding OH as action/implementation was found in three-
quarter of both opinion and perspective as well as reviews and in less
than two-thirds of editorials and original articles. The extended un-
derstanding of the OH approach was mentioned more often in editorials
(46%), followed by opinion and perspective (42%), reviews (33%), and
original articles (30%).

For further analysis, the studies were categorized by disease focus in
two groups (i.e. SARS or MERS and COVID-19) (see Fig. 2). The number
of studies on COVID-19 pursuing OH as institutional coordination and
collaboration was much higher than for the SARS/MERS groups. The
application of the extended OH approach has increased, however, it
remains the least common understanding of OH. Examining the relative
distribution of OH understandings by disease group (Fig. 2b) highlights
that the dominant understanding of OH changed from OH in action/
implementation, which decreased from 94% to 59%, to institutional
coordination and collaboration. The application of an extended OH
understanding decreased slightly from the SARS/MERS (2013-2020;
44%) group to the more recent studies on COVID-19 (2020; 35%).

3.4. Result of the individual studies: OH actions

The OH action types were split into actions under the classical and
extended OH approaches, and grouped to determine the levels of ap-
plication.

The actions at the human-animal interface displayed in Table 3
included measures to decrease the risk of viral shedding from human to
human [37,38], from animal to animal [38,39], and from animal to
human [40]. Further actions targeted the identification and under-
standing of pathogen reservoirs [38,41-48], and awareness-raising on
the diseases [45,49-52]. The identified actions operated on various
spatial levels: household level, i.e. to make dairy and meat safe for
consumption [10,38] and the pasteurization of camel milk [40]; farm
level, i.e. rapid identification of sick camels and their isolation [38,47];
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abattoirs level, i.e. standardized protocols for the operation [38];
country and regional level, i.e. limitation of livestock mobility between
neighbouring countries [38], improvement in the laboratories” capa-
cities [41,42,53-55], the collaboration between institutions for a co-
ordinated response to outbreaks [56], and the improvement of sur-
veillance and monitoring [57-62].

A smaller set of control and response actions at the human-animal
interface considered the environmental outcomes (see Table 4; a more
detailed version of Table 3 and Table 4 can be found in supplementary
material B). These include the banning and monitoring of animal
transport and trade to avoid the zoonotic bridging in a food system
related-environment [45,57,63], increased awareness of personal hy-
gienic measures in occupational settings [50,52], vaccination and
monitoring of domestic animals to reduce shedding the viruses to the
environment [38,47,51,64-66], bio-surveillance in wet markets
[37,61], and public education on zoonosis [37,46,54].

The actions considered at the animal-human-environment interface
addressed the environment as transmission and virus shedding route.
These actions differentiated between measures applied in built en-
vironments such as environmental hygiene and cleanliness [50,57,63],
biological waste disposal from abattoirs [38,52], measures applied in
natural environments such as monitoring the concentration of the
viruses in the air [57], urban land-use planning [67], chemical and
pollutants management [38,52,67], and wastewater treatment plants
for dealing with drugs and pathogens [54,67]. Further actions at the
human-animal-environment interface were concern with the spatial
identification of high-risk areas by utilizing Geographic Information
Systems [40], and capacity development in a broad range of sectors and
disciplines [37,46,49,50,61,68,69].

4. Discussion

4.1. Moving towards an extended OH approach that includes the
environmental domain

The studies included in this systematic literature review have a
strong focus on addressing zoonotic diseases at the animal-human in-
terface. In contrast, only a few studies referred explicitly to interactions
at the human-animal-environment interface [37,39,50,54,67,70],
which may be explained by the apparent lack of a clear definition of
“the environment”. More specifically, general references were made on
disease transmission in healthcare settings [52,57], rather than the
influence of the natural environment on disease emergence.

Crameri et al. [58] argued, “that when dealing with an emerging in-
fectious disease with a complex epidemiology, conventional outbreak in-
vestigations may not resolve key questions, and thus there is a need for
studies which might appear tangential” (p. 81). In line with this vision,
other studies have indicated that environmental factors, e.g. tempera-
ture, rainfall, humidity, or vegetation, could play a role in the emer-
gence of coronavirus diseases [39,52,54,57,70,711, calling for the equal
inclusion of the environmental domain in the prevention of zoonosis.

Zoonotic disease emergence has been mostly mediated by the mo-
bility of pathogens across species and ecological boundaries [72,73].
Human population growth has increased the demand for housing, food,
trade, and tourism thereby directly or indirectly increasing human ex-
posure to viral zoonoses through the expansion and modification of the
built environment into natural habitats [74-78]. In addition, as a result
of globalization and increased urbanization patterns, the demand for
animal protein also increases, driving agricultural expansion and in-
tensification, along with deforestation, as well as animal trade. This
increases animal density and contact between animals and humans,
leading to an increased risk of pathogen transfers [78]. This is evident
in the emergence and re-emergence of viral zoonosis (e.g. Ebola or
MERS-CoV) in Sub-Saharan Africa, the Middle East, and Asia
[56,74,78]. Moreover, poor waste management leads to environmental
degradation and increased exposure and susceptibility of humans to
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Table 3
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One Health actions at the human-animal interface (i.e. “classical OH”) identified in each study.

Group

References

Classical

Animal movement and interaction between animals

and with humans
Awareness creation, operating protocols, and
policies

Control and understanding of pathogens

Diagnosis, detection, and treatment capacities

Hemida & Alnaeem (2019); Hemida (2019); Konda et al. (2020); Zumla et al. (2016a); El Zowalaty & Jéarhult
(2020); Colunga-Salas & Hernandez-Canchola (2020); Dhama et al. (2020); Ahmad et al. (2020)

Farag et al. (2019a); Ajayi (2020); Helmy et al. (2020); Hemida & Alnaeem (2019); Ahmad et al. (2020); Dhama
et al. (2020); Gollakner & Capua (2020); Ramadan & Shaib (2019); Hemida (2019); Konda et al. (2020);
Lorusso et al. (2020); Mushi (2020)

Al Awaidy et al. (2020); Di Guardo & Vignoli (2020); KC et al. (2020); Lorusso et al. (2020); Ahmad et al.
(2020); Widagdo et al. (2016); Hemida & Alnaeem (2019); Konda et al. (2020); Gollakner & Capua (2020)
Al Awaidy et al. (2020); Farag et al. (2019a); Sun et al. (2020); Ahmad et al. (2020); Bonilla-Aldana, D, Dhama,

K, Rodriguez-Morales, A J (2020); Mushi (2020); Ahmad et al. (2020); Helmy et al. (2020); Lorusso et al.
(2020); Bonilla-Aldana et al. (2020); Mobasheri (2020); Muraina (2020)

Food safety

Hemida (2019); Hemida & Alnaeem (2019); Zumla et al. (2016a); Konda et al. (2020); Poudel et al. (2020);

Ahmad et al. (2020)

Human travel control and community control
strategies
Immunization

Ahmad et al. (2020), Mushi (2020); Ramadan & Shaib (2019); Zumla et al. (2016a)

Ramadan & Shaib (2019); Widagdo et al. (2016); Helmy et al. (2020); Bonilla-Aldana et al. (2020); Ahmad et al.

(2020); Decaro et al. (2020); Lorusso et al. (2020)

Information management
OH capacity development and research

Farag et al. (2019a)
Bonilla-Aldana, D, Dhama, K, Rodriguez-Morales, A J (2020); Dhama et al. (2020); Mobasheri (2020); Konda

et al. (2020); Helmy et al. (2020)

Preparedness and response plans
et al. (2020)
Surveillance, monitoring

Farag et al. (2019a); Hemida & Alnaeem (2019); Hemida & Abdullah (2020); Ramadan & Shaib (2019); Dhama

Crameri et al. (2015); Hemida & Alnaeem (2019); Muraina (2020); Hemida & Abdullah (2020); Mobasheri

(2020); Ahmad et al. (2020); Yasobant et al. (2020); Bhatia, R. (2020)

Note: An extended version of this table with concrete actions can be found in Annex B.

Table 4
OH Actions with outcomes for the environment identified in each study.

Group

References

Classical towards care of Animal movement and interaction between
animals and with humans

Awareness, operating protocols, and policies

environment

Control and understanding of pathogens

Food safety

Human travel control and community control
strategies

Immunization

Information management
OH capacity development and research

Surveillance, monitoring

Extended Awareness, operating protocols, and policies
Control and understanding of pathogens
Environmental management and pollution

control

Information management
OH capacity development and research

Surveillance, monitoring

Hemida & Abdullah (2020); Konda et al. (2020); Ahmad et al. (2020); Dhama et al. (2020)

El Zowalaty & Jarhult (2020); Bonilla-Aldana, D, Dhama, K, Rodriguez-Morales, A J (2020);
Poudel et al. (2020); Hemida (2019); Helmy et al. (2020); Egeru et al. (2020)

Poudel et al. (2020); Konda et al. (2020); Bonilla-Aldana, D, Dhama, K, Rodriguez-Morales,
A J (2020); Ramadan & Shaib (2019); Al Awaidy et al. (2020); Di Guardo & Vignoli (2020);
Parry (2020)

Henley (2020); Pokharel et al. (2020)

Wang et al. (2020)

Alharbi (2017); Hemida & Alnaeem (2019); Daly (2017); Ramadan & Shaib (2019);
Widagdo et al. (2016); Hemida (2019); Bonilla-Aldana et al. (2020)

Al Awaidy et al. (2020); Ahmad et al. (2020); Yasobant et al. (2020)

Al Awaidy et al. (2020); Farag et al. (2019a); Edelstein and Heymann (2015); Ahmad et al.
(2020); Henley (2020); KC et al. (2020); Muraina (2020); Park et al. (2019); Yasobant et al.
(2020); Mobasheri (2020); Helmy et al. (2020); Egeru et al. (2020); Mushi (2020)
Dawson et al. (2019); Farag et al. (2019a); Hemida & Alnaeem (2019); Ramadan & Shaib
(2019); Ahmad et al. (2020); Chauhan et al. (2020); Mushi (2020); Yasobant et al. (2020);
Bonilla-Aldana et al. (2020), Hemida (2019); Heymann & Dixon (2013); Majid et al. (2020);
Lorusso et al. (2020); Pokharel et al. (2020); El Zowalaty & Jérhult (2020); Ajayi (2020)
Espejo et al. (2020)

Egeru et al. (2020); Hemida & Abdullah (2020)

Hemida & Abdullah (2020); Helmy et al. (2020); Dhama et al. (2020); Espejo et al. (2020);
Bonilla-Aldana, D, Dhama, K, Rodriguez-Morales, A J (2020); Poudel et al. (2020); Hemida
(2019); Hemida & Alnaeem (2019)

Ramadan & Shaib (2019)

Kasozi et al. (2020); Helmy et al. (2020); Ramadan & Shaib (2019); Amuasi et al. (2020);
Espejo et al. (2020); Ward (2020); Ajayi (2020); Enticott & Maye (2020); El Zowalaty &
Jarhult (2020)

Poudel et al. (2020); Helmy et al. (2020); Yasobant et al. (2020)

Note: An extended version of this table with concrete actions can be found in Annex B.

viral infections [79].

Fewer of the reviewed studies mentioned a broader socio-ecological
perspective, by considering underlying drivers such as environmental
and climate change, as well as anthropological and demographic
changes [39,50,80]. In this context, some studies called for the inclu-
sion of other specialists aside from the human and veterinary health
disciplines, namely, ecologists, economists, and other natural and social
scientists, to be involved in the effort to prevent and control disease
outbreaks caused by coronaviruses [39,40,50,81-83].

The importance of the natural and built environments can be easily
identified in the context of the COVID-19 outbreak. Recent studies on
SARS-CoV-2 reported that the virus was isolated from toilet bowls, sinks
[84,85], different kind of materialistic environmental surfaces, in-
cluding plastic, stainless steel, paper [86], surgical masks, and personal
protective equipment [87], indicating the role of the built environment.
As for conditions of the natural environment, morbidity levels of
COVID-19 have been related to temperature and humidity [87,88], and
atmospheric pollution [89]. These findings suggest the potential
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importance of measures such as sewage surveillance, strict adherence to
hygiene and sanitization measures [84,90], further research on air-
borne transmission through aerosols [85], and on the effects of weather
parameters (e.g. solar radiation, temperature, and humidity) in dif-
ferent climatic zones [91].

4.2. Operationalization of OH through institutional collaboration and
action

The different OH understandings make it challenging to oper-
ationalize OH, and thereby, highlighting the importance of institutional
coordination and collaboration to create a common understanding of
OH.

The majority of the studies highlighted the detection, prevention,
and control of emerging zoonotic infections as the main motivation for
institutional coordination and collaboration [10,37,44,54,62,92].
Those collaborations were implemented at various scales, such as in-
ternational and national levels. Examples found in the review are the
national OH strategies implemented in the countries of the Gulf Co-
operation [56], and in Oman [41], based on human-animal health
committees, enhancement of capacities to provide diagnostic for hu-
mans and animals, collaboration for epidemiological surveillance, joint
research projects, multidisciplinary action, and inter-sectoral colla-
boration between ministries.

Along with the collaboration strategies, OH actions that are specific
(e.g. spatial levels, i.e. household, food production units, food proces-
sing units, markets of live animals, transportation) and target-oriented
(e.g. animal-human and animal-human-environment interfaces) are
needed for the operationalization of OH [93]. At the animal-human
interface, the understanding of zoonotic pathogen fatality and the
spillover from wildlife to humans was the best action for effective
prevention and control of zoonotic outbreaks [94]. Considering the
environment, another group of actions proposed for the control and
response to MERS and COVID-19 can be differentiated between those
applied to the built environments and those applied in natural en-
vironments.

Combining institutional coordination with specific OH actions can
drive the operationalization of OH, however, the initiatives taken until
now have different understandings of the OH approach that might
hinder effective coordination, collaboration, and action.

Challenges identified were related to different understandings of
OH, sectoral power relations and priorities, and funding:

® sectoral actions to reduce the risk of viral shedding, as well as
therapeutic interventions, were framed within OH, causing potential
biases on the understandings of OH;

o the actions applied at the human-animal-environment interface re-
flected directly on the mortality and morbidity indicators of humans
and animals, but not so on the improved environmental quality;

o the distribution of financial funds was made in a sectoral manner,
challenging the contribution of the parts involved in the funding of
specific OH actions.

The classical OH approach is the natural choice to guide coordina-
tion between sectors at the early stages, moreover, to expand the OH
scope to understand the mediating conditions that facilitate infection
rates such as social, cultural, economic, or climatic, is a complex task
that needs time to be addressed. Notwithstanding this, a more com-
prehensive understanding of infectious diseases is needed to address
unanswered questions related to the complexity of diseases.

5. Conclusion
The evolution of the OH approach has created the opportunity to

develop actions at the human-animal-environment interface more
equitably. This has become apparent in the latest efforts to address
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MERS and COVID-19 epidemics, which focused not only on the human-
animal interfaces but also started to include the environment. This
extended OH approach provides an inclusive and comprehensive out-
look on health issues, including the emergence of zoonotic diseases.
However, there is still a long way to go for achieving institutional co-
ordination and collaboration across disciplines and sectors, with the
inclusion of social, cultural, and economic components.

The actions identified in this literature review are a good starting
point for evaluating the stage of OH development in different settings,
such as research or policy development. Moreover, the knowledge gaps
identified were (1) for the general operationalization of OH: comparing
the number of resources needed for OH coordination and actions, with
the benefit obtained from those; and (2) for the inclusion of the en-
vironment in OH actions: the understanding of disease ecologies within
the context of environmental factors (e.g. weather parameters, sewage
surveillance, pathogens transmission through aerosols, environmental
hygiene and sanitization measures).

The OH contribution to the current COVID-19 control can only be
envisioned through therapeutic and preventive options. However, there
is a great potential for promoting intersectoral action and active sur-
veillance in natural reservoirs to be prepared and to mitigate the im-
pacts of the next epidemics. Therefore, it is the right time to understand
and extend the scope of OH, and appropriate actions need to be taken at
the local, national, and global levels.
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