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Editorial on the Research Topic

Challenges and successes of One Health in the context of planetary

health in Latin America and the Caribbean

Introduction

One Health is currently defined, according to the 2021 advisory One Health High-

Level Expert Panel, as an integrated, unifying approach aiming to maintain a sustainable

balance and optimize the health of persons, animals, and ecosystems, recognizing that

humans health, domestic and wildlife health, plant (authors suggest that this term should

include other photosynthetic organisms such as algae and some bacteria which also

play a key ecological role) health, and the wider environmental health (ecosystems)

are closely integrated and interdependent (1). Such an approach mobilizes multiple

sectors, disciplines, and communities at different societal levels to work together to

foster wellbeing and face health and ecosystem threats while addressing community

demands for clean water, energy, and air, safe and nutritious food, and integrated

livestock-forest-agriculture systems, all contributing to sustainable development

considering climate change evidence. On 17 March 2022, the four international

agencies such as FAO, WHO, WOAH, and UNEP (One Health Quadripartite)
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signed a ground-breaking agreement to strengthen cooperation

in a new era of One Health collaboration.1

Latin America faces significant challenges in the last decades

due to the deep social inequality associated with environmental

degradation and biodiversity loss that menace the integral

health of the diverse socio-ecological systems. We consider

that planetary health’s (PH) core values should be addressed

in this editorial as its main goal is equity in health, which

is related to socioeconomic regional factors. Despite one of

the main critics of PH being anthropocentric, focusing only

on human health outcomes and limiting the discussions to

sustainability from a human utility perspective (2), we identify

in most of the articles of this special Research Topic the

relevance and connection between human health disparities and

worse animal health and ecosystem conservation. In addition,

excessive anthropogenic activities have been leading to climate

change, air, or water pollution, higher carbon emission, land

degradation, and extreme deforestation. PH is crucial in Latin

America and the Caribbean countries, and integrated health

approaches are pivotal to mitigating climate change and should

be considered as a scope of multidisciplinary collaboration

under the umbrella of One Health.

One Health encompasses transdisciplinary collaborations

from diverse professional backgrounds, disciplines, cultures,

authorities, and community leaders for solving societal human,

animal, and environmental health problems. Integrated

practices are active around the world to overcome complex

problems that impact the health of all living creatures, ecosystem

threats, substantial biodiversity degradation, and social equity.

The United Nations for the 2030 Sustainable Development

Goals.2 aimed at a massive reduction of poverty by 2050

while maintaining environmental sustainability.3 Veterinarians

play an important role toward these goals through their

contribution to human and animal health and wellbeing,

economic development, and environmental sustainability. As

health professionals, we can achieve these objectives of One

Health in a peaceful and sustainable environment.

One Health challenges in the
context of planetary health

Two major issues were raised with the landmark meeting

of the United Nations for the 2030 agenda. First, animals

were mentioned only once within the document, and only

1 Available online at: https://www.who.int/news/item/29-04-2022-

quadripartite-memorandum-of-understanding-(mou)-signed-for-a-

new-era-of-one-health-collaboration (accessed October 25, 2022).

2 Available online at: https://documents-dds-ny.un.org/doc/UNDOC/

GEN/N15/291/89/PDF/N1529189.pdf?OpenElement

3 Available online at: https://sdgs.un.org/2030agenda (accessed

October 25, 2022).

as a need for genetic diversity of domesticated animals and

their related wild species. Animal health includes companion,

livestock, and wildlife health and should be a full and

standalone topic, as vertebrate and invertebrate animals have

a crucial role in planetary health. Second, there is a practical

misconception of sustainability as it does not include and/or

overlap animal and plant health. According to a United

Nations list of examples of sustainability indicators.4 used

worldwide, the only three indicators of animal and/or vegetal

health were biodiversity, forest area, and threatened species.

The United Nations World Bank has provided a series of

World Development Indicators (WDI), comprising a list of

about 140 indicators for a sustainable environment of natural

resources use and changes in the natural and anthropized

environment. Again, such a detailed list involved the use of

environmental resources, such as forest, water, cultivable land,

and energy, and monitoring of environmental degradation

including pollution, deforestation, and loss of habitat and

biodiversity, but nothing directly regarding animal use, health,

welfare, and balance of domestic, wildlife, and livestock fauna.

This comprehensive list with over 40 indicators has included

poverty, population stability, human health, living conditions,

coastal protection, agricultural conditions, ecosystem stability,

atmospheric impacts, generation, consumption, economic

growth, and accessibility. Moreover, the other sustainability

indicators, such as air, land, water, ecological condition, and

human exposure and health, are directly related to human health

and the environmental impact of anthropization.

As sustainability has been defined as the fulfillment of the

current generation’s demands without compromising future

generations, ensuring equilibrium among economic growth,

environmental care, social wellbeing, and animals were never

part of the equation.5 Thus, a recognized prize-winning

sustainable city or region may have been awarded without

a single indicator of animal or plant health or wellbeing.

Recently, a One Health Index (OHI) has been proposed to

correct the limitations of the sustainability index based only on

environmental, economic, and social overlapping domains, with

few or no animal indicators inserted in the overall formula. In

future, the OHI should be part of sustainability, or vice-versa,

aiming for a comprehensive and extrapolable index.6

Finally, different understandings of the One Health concept

and implementation may represent challenges, including the

definition and linguistics of prevention and implementation,

4 Available online at: http://wdi.worldbank.org/tables (accessed

November 12, 2022).

5 Available online at: https://www.un.org/en/academic-impact/

sustainability (accessed November 12, 2022).

6 Available online at: https://news.un.org/en/story/2016/03/524202-

un-statistical-body-agrees-global-indicators-measure-sustainable-

development (accessed October 25, 2022).

Frontiers in PublicHealth 02 frontiersin.org

7

https://doi.org/10.3389/fpubh.2022.1081067
https://www.who.int/news/item/29-04-2022-quadripartite-memorandum-of-understanding-(mou)-signed-for-a-new-era-of-one-health-collaboration
https://www.who.int/news/item/29-04-2022-quadripartite-memorandum-of-understanding-(mou)-signed-for-a-new-era-of-one-health-collaboration
https://www.who.int/news/item/29-04-2022-quadripartite-memorandum-of-understanding-(mou)-signed-for-a-new-era-of-one-health-collaboration
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N15/291/89/PDF/N1529189.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N15/291/89/PDF/N1529189.pdf?OpenElement
https://sdgs.un.org/2030agenda
http://wdi.worldbank.org/tables
https://www.un.org/en/academic-impact/sustainability
https://www.un.org/en/academic-impact/sustainability
https://news.un.org/en/story/2016/03/524202-un-statistical-body-agrees-global-indicators-measure-sustainable-development
https://news.un.org/en/story/2016/03/524202-un-statistical-body-agrees-global-indicators-measure-sustainable-development
https://news.un.org/en/story/2016/03/524202-un-statistical-body-agrees-global-indicators-measure-sustainable-development
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Pettan-Brewer et al. 10.3389/fpubh.2022.1081067

much to work and focus on the equal distribution of

funding through the interest of individuals, institutions, and

countries, overcoming the competition, and bringing more

cooperation and collaboration. Meaning that even in linguistics,

some say “implementation” as “initiate” while others see it

as “development”—The critical part here is that they keep

saying implementation in Latin America and Africa what

has been implemented already and that is why new groups

keep forming and starting from zero and reinventing the

wheel instead of funding what has already existed—Which

brings separation silos, competition, and disunion instead of

the 4 Cs—Collaboration, communication, coordination, and

capacity building.

One Health demands for holistic and
sustainable solutions—A global
experience

Globalization, climate change, population migrations, and

growing interactions among humans, animals, and plants in

altered environments require that health professionals work

together in a collaborative and transdisciplinary approach to

improve global health and sustainability. The One Health

concept encourages these collaborative partnerships, especially

among health professionals from diverse interdisciplinary areas

within and between countries. The goal of Global One Health

is to achieve optimal global health for all species. For people,

health equity and equality, gender, and race inclusiveness,

especially among indigenous and minority populations, are

essential. Several approaches of integrated health and “One

Health” in Latin America are not new ideas, however, the

concept is still being discussed, defined, and in many countries,

yet to be implemented and applied. As described in this special

edition by Pettan-Brewer et al., the One Health experiences in

Latin America came from “grassroots” movements (bottom to

top) through One Health Actions. Similarly, US epidemiologist

Calvin Schwabe in the 20th century showed the outcomes

and benefits of the “one medicine” through the interaction

experiences of public health professionals and the traditional

Dinka pastoral societies in 1966, reinforced in 1984, and later

the evolved concept of “one health” was cited in 2002 by

veterinarian Jakob Zinsstag in Chad, Central Africa, working

with the integrated health nomadic pastoralists (3), although the

term “One Health” was not coined until sometime between 2004

and 2007 (3).7

Latin American and the Caribbean public health

professionals also had similar integrated human and animal

health experiences in many Latin American countries. For

example, the need to work as interdisciplinary teams through

7 Available online at: https://onehealthinitiative.com/history-of-the-

one-health-initiative-team-and-website (accessedNovember 12, 2022).

the simultaneous study of emerging zoonoses in people and

animals, the intersectoral health economics assessment, and

working together with rural and indigenous communities. This

has been the main theme of “The challenges and successes of One

Health in the context of planetary health in Latin America and

Caribbean” in the Frontiers Special One Health Edition.

Historically, physicians and veterinarians worked together,

but during the 20th century, they diverged. Medicine became

increasingly reductionistic in its approach to diseases.

Veterinary medicine and public health were relegated to

second-class status. But with the challenges of the 21st century,

the status quo is unsustainable. A collaborative approach became

essential for individual and population health. This is the One

Health-One Medicine approach, which naturally focuses on

zoonotic diseases. One Health goes beyond infectious diseases.

As described in this special edition, there is also the importance

of governance and indigenous population participation for the

success of One Health.

In contrast to other parts of the world, and similarly to

Africa, One Health in most Latin America and the Caribbean

countries has been practiced every day, especially in less

developed and impoverished rural and urban areas where there

is a lack of health professionals and a need for medical resources.

The special edition included examples of the ultimate needs

and examples of “grassroots” community movements working

together as a necessity for education, disease prevention, and

control. In other words, One Health integrated practices most

likely came first, even before the actual concept was formally

introduced in Latin America and the Caribbean.

Latin America as inspirational of One
Health and planetary health actions
(“grassroots”)

The 2021 Frontiers Special Research Topic Edition,

published in Public Health and Planetary Health journal

sections, focused on One Health—Challenges and successes

of One Health in the context of planetary health in Latin

America and Caribbean included 19 articles with authors from

12 countries (Brazil, Chile, Colombia, Cuba, France, Italy,

Mexico, Portugal, South Africa, Switzerland, the United States,

and the United Kingdom), containing diverse topics from

history, concept, implementation, research, education, and

practical One Health Actions of integrated health approaches

in Latin America and the Caribbean. In this scenario, the

special edition has fully accomplished its main objective: a

deep theoretical and practical analysis of Latin American issues

and ideas on the One Health approach. Studies included

owner-dog leptospirosis, malaria vectors, modern planetary

health, and One Health of peripheries, unified health system,

rabies in the Amazon, veterinary rescue team, biodiversity in

higher education, food safety of animal origin, public policies,
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avian influenza virus among Cuban hunters, malaria, canine

olfactory detection of SARS-CoV-2, mcr-1 gene, West Nile virus

surveillance, historical concept, implementation and approach

of One Health in Latin America and the Caribbean countries,

social sciences in dam rupture as the worst environmental

disaster, antimicrobial resistance, cross-sectoral collaborations,

integrated systems for holistic approaches, indigenous health,

and needs for curricular changes in primary and secondary

education discussions. In addition, out of the 19 accepted peer-

reviewed articles, the special edition had two studies from

Guadeloupe—A French overseas region in the Caribbean Sea—

A cross-sectoral collaboration to inform the implementation

of the One Health approach, and an international One Health

collaboration of France and Institute Pasteur of Guadaloupe

conducting West Nile Virus (WNV) surveillance in a small

island state of the Caribbean.8

Even if different sectors work differently, the cultures are

different, and the approaches are different, ultimately the goal

is the same. We have a lot to contribute to One Health. We need

to organize and integrate our work—both ways are important:

“top to bottom and bottom to top”. That is the first message.

In this special edition, authors shared experiences in Latin

America and the Caribbean from both sides. A second important

message is that we have tools—some of which are legally binding,

like International Health Organizations, that can help us and

we need to rely on them. Because one of the problems we

have had for decades is that with the One Health approach,

everyone agrees on the principle and concept, but when it

comes to implementing them, there is no necessary political

will or the financial capacity to develop a One Health unit

or intersectoral coordination. Regulations are used as binding

instruments and it is much more likely that a One Health

Agenda for good governance will be endorsed and used among

agricultural, health, and all ministries. It is essential to also have

these institutional tools and many times even legal dimensions.

On 17 October 2022, at the Global Health Summit, in Berlin,

Germany, the quadripartite (Geneva, Nairobi, Paris, and Rome)

launched the One Health Joint Plan of Action (2022–2026).9

Final remarks and perspectives

A challenge for One Health, and finally with the United

Nations Environment Programme joining the tripartite, now

known as the quadripartite, is to always include environmental

health. Hence, the One Health Joint Plan of Action (see

8 Available online at: https://www.frontiersin.org/research-topics/

13053/challenges-and-successes-of-one-health-in-the-context-of-

planetary-health-in-latin-america-and-the-c (accessed October 25,

2022).

9 Available online at: https://www.who.int/news-room/events/detail/

2022/10/18/default-calendar/one-health-joint-plan-of-action-(oh-

jpa)-hybrid-high-level-advocacy-event (accessed October 25, 2022).

text footnote 9), developed through a participatory process

of these four global organizations, provides a set of activities

that aim to strengthen collaboration, communication, capacity

building, and coordination across all sectors responsible

for addressing health concerns at the human-animal-plant-

environment interface.

1. The One Health Actions experience in Latin America

is an example of bottom-up implementations similar to

“grassroots” movements as described in many articles

of this special edition and well-elucidated in the article

by Pettan-Brewer et al. Unfortunately, even though One

Health has been successfully implemented in many Latin

American and the Caribbean countries for over 10 years,

world recognition and funding is yet not available to

continue these projects and initiatives. We hope now

that with national and international One Health public

policies following the Quadripartite Plan of Action (2022–

2026), this important issue will be finally resolved, hence

the importance of the Top to Bottom One Health

implementation as well.

2. Newer associations and Latin American leaders and co-

leader representatives have been very active in sharing their

experiences in One Health world organizations: OHLLEP,

CABIOneHealth Publishing, current Frontiers OneHealth

Special Research Topics, International Alliance against

Health Risks in Wildlife Trade, and Country Senators and

Ministries becoming involved developing public policies

and recognitions, World Health Summit 2022, United

Nations Nature for Health Expert Advisor, and One

Oceans Health (Beyond One Health and One Ocean Kiel

Initiative.10)

3. Language, cultural, and political differences and lack of

financial support remain a barrier and a limitation to

disseminating and developing the One Health, EcoHealth,

and Planetary Health concepts, and integrated health

approaches in Latin America and the Caribbean countries.

Furthermore, the scope of the special One Health expert’s

peer-reviewed collection was achieved beyond expectations

inspiring many other special topics in One Health afterward.

Pioneering is only for the courageous ones—It takes

determination to go through difficult adversity, criticism,

and controversial discussion, and yet continue to focus on the

final proposal—To transcend cultural and political differences,

languages barrier, economic difficulties for research projects and

publications, competitiveness, and finally achieve collaborations,

partnerships, and inspire transformation. One Health will only

succeed if we as humans change ourselves as individuals first,

and then we can change humanity to be successful in the One

Health implementation and development—From Ego to Eco.

10 Available online at: https://forum.oceandecade.org/events/84158

(accessed November 12, 2022).
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In conclusion, this special Research Topic provided

multidisciplinary investigations and transdisciplinary Planetary

Health and One Health Actions, focusing on relevant topics for

Latin America and the Caribbean countries and emphasizing

transdisciplinarity in research, outreach, and education.

Nevertheless, several challenges remain to be fully addressed

and require more attention, particularly the impact of climate

change, deforestation, the inclusion of indigenous people’s

knowledge, and planetary health. Sharing One Health in Latin

America and the Caribbean is essential for implementing

scientific priorities, supporting national and international

public policies, and effective customized decision-making for

each and all involved countries. We must recognize Latin

American and the Caribbean knowledge, unify One Health

experiences, and fortify inclusion and diversity in the One

Health Global Leadership.
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Although leptospirosis has been considered a major concern in urban areas, no study

to date has spatially and simultaneously compared both owner and dog serology

in households of major cities. Accordingly, the aim of the present study was to

assess the seroprevalence of Leptospira antibodies, evaluate associated risk factors

and conduct spatial analyses in 565 randomly selected households, which included

597 dog owners and 729 dogs in Londrina, Southern Brazil. Seropositivity by MAT

were detected in in 11/597 (1.84%) owners and in 155/729 (21.26%) dogs. The risk

factors were evaluated with logistic regression analysis and spatial factors and case

distribution were evaluated with kernel density analyses. The sera of 14/155 (9.03%)

dogs reacted for more than one serovar with the same titer. Canicola was the most

frequent serogroup, detected in 3/11 (27.27%) owners and 76/155 (49.03%) dogs.

The highest titer among the owners was 1:3,200 and was detected in the same

household with a titer of 1:800 in the dog. Simultaneous owner-dog seropositivity was

found in 7/565 (1.23%) households, with three reacted against serogroup Canicola.

Positive owners were detected in 4/565 (0.70%) households and positive dogs were

detected in 141/565 (24.95%) households. The associated risks of infection for dogs

were different from those associated with infection in owners. Risk analyses for Canicola

also identified specific factors of infection. Regardless of owner and dog cases were

not statistically clustered, the kernel map has shown dog positivity occurrence in the

same hot locations and near positive owners. The dependent variable analysis and
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logit model suggested a greater likelihood of peri-domiciliary contact with Leptospira.

In conclusion, exposure to Leptospira infection was significantly higher in dogs than

in their owners and human cases spatially overlapped dog cases, implicating dogs as

potential environmental sentinels for this disease. In addition, the associated risk may

vary according to serogroup, and the observed simultaneous Canicola seropositivity of

owner and dog has suggested intradomicile-transmitted infection.

Keywords: zoonosis, One Health, serovar, epidemiology, kernell analysis

INTRODUCTION

Leptospirosis has been considered a worldwide emerging
infectious and zoonotic disease caused by the spirochete
Leptospira spp., which may persist for months in moist soil and
water associated with the presence of reservoir animals in nature
and accidentally transmitted to human beings (1). Leptospiras
have been classified into over 300 pathogenic serovars (sv)
according to structural antigenic characteristics and in 22 distinct
genomospecies based on DNA-DNA hybridization composed of
10 pathogenic species, five intermediate and seven saprophytic
species, but without correlations among those classifications. The
genomic analysis is more accurate than serology during active
infections, however, the serogroup identification by detection of
anti-Leptospiras antibodies allows the identification of the animal
reservoir (1, 2). Although the serovars reportedly adapted to
specific animal species, such as sv Canicola for dogs, sv Bratislava
for swine and sv Copenhageni for rats (3, 4) the association of
serovars and mammal hosts has not been absolute, and their
cellular and molecular basis remains to be fully established (5, 6).

In a leptospirosis surveillance study conducted from 1996 to
2005 in American countries, of which Brazil, Costa Rica, and
Cuba have accounted for 83.1% of the 4,713.5 cases annually
notified, Brazil alone has notified 3,165/4,717 (67.1%) cases and
349/380 (91.8%) deaths (7). Another systematic review with
studies on leptospirosis incidence from 34 countries estimate that
1.03 million human cases and 58,900 deaths due to the disease
have been reported annually, mostly concentrated in slums and
other poor urban areas of developing countries (8). Disease
endemicity and increased incidence have been mainly located
in the Caribbean and Latin America, as well as in Southeast
Asia and Oceania (9), despite leptospirosis has been considered
endemic (restricted or peculiar to a locality or region) in other
areas as well where flooding and other environmental conditions
associated with rodent infestation may favor the Leptospira
life cycle (10).

This pattern of human leptospirosis infection has mostly
motivated studies either toward retrospectively confirmed cases
(11–14) or socially vulnerable communities (7, 15–17). Although
providing crucial information on leptospirosis infection and
clinical onset, such contributions may not be epidemiologically
extrapolated to other endemic regions located in the more
prosperous urban areas of some developing countries (18). Not
surprisingly, human leptospirosis cases still occur in areas with
a high human development index (HDI) such as Londrina city
(HDI: 0.841), northern Parana State (HDI: 0.790), Southern

Brazil; this non-flooding urban area also has approximately one-
fifth (132/653, 20.21%) seropositivity among the local dogs (19).

Still synanthropic rodents have been indicated as the main
Leptospira reservoirs for human disease in urban settings (20,
21) the role played by dogs as sentinels or reservoirs has
been controversial (22, 23). In this context, the World Health
Organization (WHO) has demanded an increase in leptospirosis
surveillance to determine global losses, improve surveillance
methods and establish effective disease control and prevention
(24). In addition, the WHO has called for studies focused
on the One Health Initiative, combining human, animal and
environmental health (25) in a holistic approach to zoonotic
diseases (26).

To date, no study has spatially and simultaneously assessed
and compared both owner and dog serology along with their
household and correspondent risk factors in urban areas of
major cities. Although molecular investigations which determine
the evolutionary relationships of Leptospira infection between
humans and dogs identifying and characterizing the circulating
or infecting strains, serology has been a more sensitive indicator
of past or present infection (3). Additionally, concomitant
serology and spatial analyses performed with titration of
human and dog samples may provide a better approach to
the evaluation of risk factors, cross infection, and common
household environmental exposure.

Accordingly, the aim of the present study was to assess
the leptospirosis seroprevalence, the associated risk factors and
conduct a spatial analysis in owners, dogs, and their respective
households randomly selected of Londrina, a seat city of half-
million people in Southern Brazil, which is nationally ranked 38th
in population and 145th in human development index (HDI) out
a total of 5,570 Brazilian cities.

MATERIALS AND METHODS

Study Area and Population
The target population of this study was the residents from
the urban area of Londrina (23◦18′36′′S and 51◦09′46′′W), the
county seat of a metropolitan area and the second largest city
of Parana State, Southern Brazil. Londrina was selected due to
its high urban area of 97.00%, high human development index
(HDI) of 0.841 (ranked 145th) and high urban population of
543,003 inhabitants (ranked 18th out of a total of 5,570 Brazilian
cities). The city is located 608 meters above sea level with a
rain forest biome under a subtropical humid climate; average
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temperatures range from 15.6 to 27.5◦ Celsius, with yearly
average precipitation of 1,630mm and average relative humidity
of 71.10% (27, 28).

Sample Size and Sampling
No data on the seroprevalence of anti-Leptospira antibodies
were available at the time of the survey, either for human or
dog general populations throughout the urban area. Thus,
calculations for the sample size were designed with an expected
50% prevalence, 5% accuracy, 95% confidence level, and an
initial population of 161,144 households [https://cidades.ibge.
gov.br/v4/brasil/pr/Londrina/pesquisa/23/47427?detalhes=
true&localidade1=410690] for a final minimum sampling size of
384 individuals, with visits distributed only in urban households
using freely available software (EpiInfo 3.5.2, CDC, Atlanta,
GA, USA). Inclusion criteria of at least one person and one
dog per household were applied. Thus, a final minimum of 461
households was finally calculated due to the 20.0% safety margin
of potential participation refusal, dog aggressiveness, inadequate
sampling, closed household and commercial or public properties
as stores, drugstores, parks, playgrounds, and schools.

The sample was randomly drawn by commercial software
(BioEstat 3.0, Belém, PA, Brazil) (29). The sample included
conglomerates of four households per block with a calculated
total of 115 (461/4) blocks, two blocks per city section of
urban planning and a total of 58 (115/2) city sections covered.
The researchers were coordinated and guided by professionals
from the City Secretary of Health office, which had previously
informed the local neighborhoods about the visits, volunteer
questionnaires and blood samplings. The inclusion criteria for
owners included voluntarily signed informed consent, age 18
years or older, voluntary blood sampling by accredited nurses,
and at least one dog in the same household. Domiciled dogs
owned by household owner, dogs 6 months or older were eligible
for inclusion.

An epidemiological questionnaire was applied to verify and
avoid previous vaccination against canine leptospirosis.

Dog blood samples were obtained by a veterinarian following
voluntarily signed informed consent by the dog owner.
Aggressive dogs were not included for blood sampling due to city
regulations on animal and human safety.

Epidemiological Investigation
This was a cross-sectional study, and the risk of infection was
investigated with an epidemiological questionnaire, which has
been formulated, tested, and applied in previous studies (19). The
questionnaires included closed questions on variables associated
with owner and dog exposure to leptospirosis and were organized
into three blocks: A. socioeconomic-environmental variables, B.
personal sanitary habits and behavior, and C. animal behavior
and management. The State Minimum Wage was R$ 880.00,
equivalent to U$ 264.26 with an exchange rate of 3.33 for US$
Dollar to R$ Real at the time of survey.

Serology
All blood samples were drawn between July 2015 and July
2016; the dog owners and their corresponding dogs were both

sampled, and the questionnaires were completed in the same
household on the same day. Serum samples were separated
and stored at −20◦C until they were tested by microscopic
agglutination test (MAT), as previously described (5), against
the serogroups Australis (serovar Bratislava), Autumnalis
(serovar Butembo), Ballum (serovar Castellonis), Canicola
(serovar Canicola), Grippothyphosa (serovar Grippothyphosa),
Icterohaemorrhagiae (serovars Icterohaemorrhagiae and
Copenhageni), Pomona (serovar Pomona), Pyrogenes (serovar
Pyrogenes), and Sejroe (serovar Hardjo). Among the 200
available serovars for the MAT tests, the strains have been
apparently the same in certain geographic regions. In the present
study were selected the most prevalent serovars for human and
dog cases in the study region in the past 6 years (19, 30, 31) and
its availability as a bacterin.

Dog vaccines commercially available in Londrina city included
Imunovet R©(Biovet, São Paulo, Brazil), Vanguard plus R© (Zoetis,
New Jersey, USA), Vencomax 12 R© (Dechra, Northwith, UK), and
Nobivac R© (MSD, New Jersey, USA).

Since the present study aimed to compare human and dog
exposure to leptospirosis, the selected profile of Leptospira live
bacteria cultures for MAT was the same for both owner and
dog samples. Sera were initially tested at a 1:100 dilution, and
then those samples presenting positive agglutination were 2-
fold diluted until their final titer (5). Thus, the predominant
serogroup was defined as the serogroup with the maximum titer
against its correspondent serovar.

Samples with the same titer for two or more serovars and
samples from dogs vaccinated within 6 months of the sampling
day were considered undetermined and excluded from the risk
analyses (32, 33).

Statistical Analysis
A descriptive analysis was conducted using the epidemiologic
questionnaire variables based on general serogroup detection. A
risk measure was used to assess the intensity of the association
with risk factors (OR, odds ratio), and a chi-square test was
performed to evaluate statistical significance. For themultivariate
analysis, logistic regression models were performed with general
serogroup detection as the dependent variable and the risk factors
as the independent variables. The stepwise method was used to
select the final models. To initiate the model processing, a cut-
off p < 0.20 in the bivariate analysis was used, and the choice
of better multivariate models was based on p-value (p < 0.05)
and r-square (adjustments) for each independent variable, and
the interpretation of final models was based on the adjusted ORs.
A household was considered positive when at least one dog or
one person is positive. The household positivity was analyzed to
access the environmental intra domiciliary risk of infection for
both owners and dogs.

Despite the 1-year duration of this study, the single household
sampling methodology may have impaired the seasonality
assessment. The ages of owners and dogs were tested for
adherence to the normal distribution with the Shapiro-Wilk
normality test. Both were asymmetric and not normally
distributed, so to evaluate the difference between positive and
negative samples, the Mann-Whitney U-test was used. These
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analyses were conducted in the “stats” package of the R
environmental software program (34).

Spatial Analysis
Points of data collection were determined by the current
addresses, and maps with owner and dog case distributions were
produced. In these maps, census sector data from IBGE database
(free spatial database from Brazil) were also used [https://
censo2010.ibge.gov.br/sinopseporsetores/], and flooding, green
and water area data were obtained from official database from the
city. The density of dog cases was evaluated with kernel density
analysis to determine hotspots and compare with potential
clusters of owner cases. Flooding and water areas were also
concomitantly plotted on the maps to evaluate their spatial
association with the data. Despite the effect of green and water
areas have not assessed through the regression analysis, flooding
has been included as accumulated water in the regression
analysis These spatial analyses were conducted using R software
environmental with the “epiDisplay,” “spatstat,” and “maptools”
packages (35, 36).

The first step was to estimate a logit without considering any
spatial effects. Residues of logistic regression have shown spatial
correlation. Moran’s I test applied for testing whether residuals of
regressions were spatially clustered, with a statistically significant
value of 0.09 (p = 0.002) for a matrix of weight with the
nearest neighbor. Such outcome requested a spatial analysis.
Several spatial weight matrices were tested to verify whether the
regression residues had significant Moran’s I statistics.

Following, a multivariate analysis of spatial regression has
been applied to identify variables explaining prevalence of
leptospirosis in dogs. Independent variables included a dummy
to register the presence of any reagent human to leptospirosis in
the household (Presence of a positive human); whether the dog
was vaccinated within the last 6 months (Vaccine); whether the
dog had outdoors access (Street Access) or with other dogs inside
the household (More than one dog in the house); number of dogs
living in the household (Presence of dogs); dummies capturing
income range of dog owners (Income2 and Income3); number
of people living in the household (Households). Important to
mention that the spatial multivariate model had a different
specification from the first logistic models, with some very highly
correlated variables.

In addition to the above independent variables, two factors
were also added (FACT_1 and FACT_2) which represented a
linear combination of variables with strong multi-colinearity,
including (i) dummy indicating presence of wasteland near
the household (Wasteland); (ii) dummy indicating whether
the household has outside bathroom (Bathroom outside); (iii)
number of rats seen at the yard (Rats); (iv) frequency of yard
cleaning (Clean backyard); (v) dummy indicating whether yard
had rats (Rats_at backyard); (vi) trash seen at the yard (Dirty
backyard); and (vii) whether yard had rubble (Trash at backyard).
Factorial analysis was applied to test the above factors.

To calculate the factors from factor analysis, was used to
calculate the tetrameric correlations by the maximum likelihood
estimator (iterative) obtained from the bivariate probit, using
the Edwards and Edwards estimator as the initial value (37).

The uniqueness was tested to verify how much of the common
variance each variable may represent. In other words, high
uniqueness may suggest that the extracted factors may have
described the variables well. The results of the factorial analysis
made it possible to transform the seven variables mentioned
above into two factors (FACT_1 and FACT_2) according to
Table 1.

As the errors of logistic regression showed a special
correlation, it was important to estimate an econometric model
taking into account the space so as not to omit a relevant
variable.To incorporate a term of the spatially lagged dependent
variable into the explanatory variables, the spatial autoregressive
model (SAR) estimated by means of maximum likelihood and
generalized method of moments was used. The SAR model can
be specified as:

yt = ρWyt + Xtβ + εt (1)

where ρ is the auto-regressive lag parameter (−1<ρ <1) and
Wyt = (Wy1t , . . . ,WyNt)

′ is the vector of the lagged dependent
variable; Xt = (Xkt

′, . . . ,XNt
′)′ is a matrix of observations of

explanatory variables and β = (β1, . . . ,βk)
′ it is a vector of

parameters to be estimated.
A second group of models was called the spatial error model

(SEM), where the spatial dependence was considered residual
and represented by the first-order autoregressive structure in the
error term (37). The SEMmodel can be expressed as follows:

yt = Xtβ + ξt (2)

ξt = λW2ξt + εt (3)

In which ε is a multivariate normal distribution with zero
mean and covariance matrix σ 2I; the coefficient λ represents the
parameter of the spatial autoregressive error. In the SEM model,
errors represent an average of errors in neighboring regions plus
a component of random error.

The presence of the spatially-lagged dependent variable
(Wy) was equivalent to the introduction of an endogenous
variable, using the ordinary least squares method as previously
described (38). All estimates were presented to identify the
variable robustness.

TABLE 1 | Matrix of components and commonality of indicators.

Variable Factor 1 Factor 2 Commonality

Wasteland 0.16 - 0.97

Bathroom outside - 0.29 0.90

Rats - 0.72 0.27

Clean backyard 0.66 - 0.36

Rats_at backyard - 0.54 0.70

Dirty backyard 0.93 - 0.04

Trash at backyard 0.87 - 0.08
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A map illustrating the municipality of sampling of the
studied regions (source: free access Brazilian databases https://
downloads.ibge.gov.br/downloads_geociencias.htm) was
produced by authors, using these free open access shapefiles
and performed on GIS software using ArcGIS 10 and presented
(Figures 1, 2).

Ethical Aspects
This study was approved by the National Human Ethics Research
Committee (protocol number 1,025,861/2014) and the Animal
Use Ethics Committee (protocol number 181/2014), both at
Londrina State University, Southern Brazil. In addition, the
present study was approved by the Londrina City Secretary of
Health and was officially included as part of the annual activities.
In addition, all interventions were authorized by the Human
Beings Ethics Studies Committee (protocol number 1,025,861)
and the Animal Use Ethics Committee of the State University of
Londrina (protocol number 181/2014).

RESULTS

A total of 750 households were visited, and the minimum
sample size calculation was surpassed with 565/461 (122.56%)
households; a total of 597/1,985 (30.07%) owners and 729/1,170

(62.30%) dogs sampled. Overall, 11/597 (1.8%) owners and
155/729 (21.3%) dogs were identified with anti-Leptospira titers
by MAT, which represented 141/565 (25.0%) of the sampled
households (Table 2).

Canicola was the most frequently reactive serogroup in
dogs, with titers identified in 76/155 (53.9%) samples, followed
by serogroups Autumnalis and others with 65/155 (41.9%)
sample positivity. On the other hand, Autumnalis was the
most frequent serogroup in owners, found in 4/11 (36.36%)
positive samples, followed by Canicola in 3/11 (27.27%) positive
samples and other serogroups found in 4/11 (36.36%) positive
samples (Table 3).

In 70/141 (49.64%) households, either owners or dogs were
reactive to serogroup Canicola, and 71/141 (50.35%) were
reactive to at least one of the tested serogroups (Table 2). The
highest titers were 1:12,800 for dogs and 1:800 for owners, both
to serogroup Canicola; other serogroups reached an equally high
titer of 1:1,600 for dogs, but the highest titer was 1:200 for dog
owners (Table 3).

Simultaneous dog owner and dog seropositivity was found
in 7/565 (1.23%) households, of which three were reactive for
serogroup Canicola in owners and dogs, and different serogroups
were observed in four households. There were 4/565 (0.70%)
households that had only owner-positive samples, and only

FIGURE 1 | Distribution of owners and dogs positive and negative for Leptospira from July 2015 to July 2016 in the urban area of Londrina, Southern Brazil.
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FIGURE 2 | Distribution of positive dogs in flooding, green and water areas (A) and kernel density analysis for positive dogs with overlapping positive owner locations

(B) from July 2015 to July 2016 in the urban area of Londrina, Southern Brazil.

TABLE 2 | Distribution of 597 houses with owners and/or dogs seropositive for Leptospira, Canicola serovar, or other serogroups, from July 2015 to July 2016 in the

urban area of Londrina, Southern Brazil.

Prevalences Owners Dogs Houses

n/total (%) 95% CI n/total (%) 95% CI n/total (%) 95% CI

Leptospira 11/597 (1.8) 0.8–3.0 155/729 (21.3) 18.4–24.4 141/565 (25.0) 21.5–28.3

Canicola serogroup 3/597 (0.5) 0.0–1.2 76/729 (10.4) 8.2–12.9 70/565 (12.4) 9.9–15.0

Other serogroups 8/597 (1.3) 0.5–2.3 79/729 (10.8) 8.5–13.2 71/565 (12.6) 9.9–15.8

one dog-only positive household was detected among the total
141/565 (24.95%) positive households (Table 4).

For owners, the bivariate analysis of risk factors associated
with Leptospira antibodies was statistically significant for houses
with positive dogs (p = 0.021) and houses with nearby forest
(p = 0.043). The multivariate logistic regression with owners
positive for Leptospira as the dependent variable did not produce
a significant model (Table 5).

For dogs, the analysis of risk factors associated with
Leptospira antibodies was statistically significant for exposed
garbage (p = 0.030), male sex (p = 0.003), presence of
equines (p = 0.001), presence of opossums (p = 0.032),
and nearby forests (p = 0.017) (Table 6). The multivariate
logistic regression with dogs positive for Leptospira as the
dependent variable produced a significant model, with the
presence of equines (p < 0.001, OR 0.19), female sex (p =

0.019, OR 1.67), and exposed garbage (p = 0.041, OR 1.51)
(Table 6).

For households, the analysis of risk factors associated with
Leptospira antibodies showed statistical significance for open
sewage (p = 0.014). The multivariate logistic regression with
households positive for Leptospira as the dependent variable did
not produce a significant model (Table 7).

As can be seen in Table 8, the results demonstrate that
intrahousehold conditions, including the backyard situation, rats
and family income, have not presented significant effects for dog
infection and have failed to explain the probability of a dog
infected by Leptospira in the household, while parameters related
to the neighborhood were significant for dog infection. Dogs
from households with unprotected bag discharge in the current
study were more likely (and confirmed by logistic model) to be
infected by Leptospira and serogroup Canicola, while parameters
related to the neighborhood were significant for dog infection.

The spatial analysis is shown in Figures 1, 2 and demonstrated
a visual overlap between dog and owner positive cases
(Figure 2B).
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TABLE 3 | Antibody titers for pathogenic Leptospira serogroups in positive serum samples of 11 owners and 141 dogs from July 2015 to July 2016 in the urban area of

Londrina, Southern Brazil.

Antibodies titers

Serogroup Serovar 100 200 400 800 1,600 3,200 6,400 12,800 Total (%)

Owner samples

Autumnalis Butembo 04 - - - - - - - 4 (40.0)

Canicola Canicola - 01 - 02 - - - - 3 (30.0)

Grippothyhosa Grippothyphosa 01 01 - - - - - - 2 (20.0)

Ballum Castellonis 01 - - - - - - - 1 (10.0)

Icterohaemorrhagiae Icterohaemorrhagiae 01 - - - - - - - 1 (10.0)

Total 07 02 - 02 - - - - 10 (100.0)

Dog samples

Canicola Canicola 21 21 09 09 10 04 01 01 76 (53.9)

Autumnalis Butembo 08 05 07 - 01 - - - 21 (14.9)

Australis Bratislava 09 03 - - - - - - 12 (8.5)

Grippothyhosa Grippothyphosa 05 02 01 01 - - - - 09 (6.4)

Icterohaemorrhagiae Copenhageni 03 03 01 - - - - - 07 (5.0)

Icterohaemorrhagiae Icterohaemorrhagiae 03 - - - - - - - 03 (2.1)

Pomona Pomona 01 05 01 - - - - - 07 (5.0)

Pyrogenes Pyrogenes 02 02 - - - 01 - 01 06 (4.3)

Total 52 41 19 10 11 05 01 02 141 (100.0)

TABLE 4 | Antibody titers against pathogenic Leptospira serogroups in the samples from the 11 households with positive dog owners from July 2015 to July 2016 in the

urban area of Londrina, Southern Brazil.

House Owners Dogs House Owners Dogs

Serogroup Titer Serogroup Titer Titer Titer Serogroup Titer

A Canicola 800 Canicola 3,200 G Autumnalis 100 Canicola 100

B Canicola 800 Canicola 1,600 H Autumnalis 100 Negative -

C Canicola 200 Canicola 3,200 I Autumnalis 100 Negative -

D Grippotyphosa 100 Autumnalis 200 J Ballum 100 Negative -

E Grippotyphosa 200 Autumnalis 100 K Icterohaemorrhagiae 100 Negative -

F Autumnalis 100 Grippotyphosa 100

The age analysis showed no significant differences between
positive (53.44 ± 18.15 years) and negative (50.87 ± 17.16
years) dog owners (p = 0.60). For dogs, the age of positive
dogs (5.79 ± 3.96) was significantly higher than that of negative
dogs (4.67 ± 3.69) (p = 0.001). This variable was included
in multilevel regression analysis, but lost significance when
with others (Figure 3).

The final logistic and spatial regressions were obtained
after testing whether the factorial analysis could be applied
to transform highly correlated variables in few factors
(Supplementary File). It was possible to build two factors
that together explained 60.2% of the total data variance. The
loss of information was relatively low, and synthetic indicators
based on factor analysis may have contained the appropriate
characteristics. The spatial model, which has used a dependent
variable with a variable dummy indicating a positive leptospirosis
dog, included two factors (FACT_1 e FACT_2). The factor 1

explaining 38.5% of variance was more correlated to yard
variables such as trash, rubble, and low cleaning frequency. The
factor 2 explaining 21.7% was more associated to presence and
observation of rats. These two factors were also included in the
spatial regression analysis besides the control variables described
on section “spatial analysis.”

After testing 15 matrices of different weights, the results have
shown that the residuals were more strongly correlated with the
contiguity matrix of the nearest neighbor. Thus, the spatial model
has considered this weight matrix and outcome of spatial models
were analyzed and presented (Table 8).

DISCUSSION

The serological approach to the evaluation of simultaneous
and spatial Leptospira antibodies in owners and their dogs was
accomplished for the first time by the present study, with an

Frontiers in Veterinary Science | www.frontiersin.org 7 January 2021 | Volume 7 | Article 58040017

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Benitez et al. Simultaneous Owner-Dog Leptospirosis Seropositivity

TABLE 5 | Aspatial logistic regression applied to variables with owners seropositivity to leptospirosis.

Variables Positive n (%) Negative n (%) Total N OR 95% CI p-value

Owner

* Gender Female 5 (1.1) 434 (98.9) 439 0.35 0.10-1.23 0.095

MaleR 5 (3.2) 153 (96.8) 158

* Income < 1 MW 0 (0.0) 147 (100.0) 147 1.02 1.01-1.04 0.058

> 1 MWR 10 (2.2) 440 (97.8) 450

Accumulated water Yes 1 (1.3) 78 (98.7) 79 0.73 0.09-5.80 0.610

NoR 9 (1.7) 509 (98.3) 518

Open sewage Yes 1 (2.5) 39 (97.5) 40 1.56 0.19-12.6 0.503

NoR 9 (1.6) 548 (98.4) 557

Exposed garbage Yes 7 (1.6) 419 (98.4) 426 0.94 0.24-3.66 0.582

NoR 3 (1.8) 168 (98.2) 171

Wasteland Yes 6 (2.0) 299 (98.0) 305 1.44 0.40-5.17 0.403

NoR 4 (1.4) 288 (98.6) 292

* Bathroom outside Yes 4 (3.5) 111 (96.5) 115 2.85 0.79-10.26 0.108

NoR 6 (1.2) 474 (98.8) 480

* Presence of rats Yes 5 (1.1) 446 (98.9) 451 0.32 0.09-1.11 0.070

NoR 5 (3.4) 141 (96.6) 146

** House with postive dog Yes 6 (3.9) 146 (96.1) 152 4.52 1.26-16.24 0.021

NoR 4 (0.9) 440 (99.1) 444

Dirty backyard Yes 4 (1.7) 234 (98.3) 238 1.01 0.28-3.60 0.616

NoR 6 (1.7) 353 (98.3) 359

* Job outside Yes 1 (0.5) 210 (99.5) 211 0.20 0.03-1.58 0.080

NoR 9 (2.3) 375 (97.7) 384

** Nearby forest Yes 1 (0.4) 240 (99.6) 241 0.16 0.02-1.28 0.043

NoR 9 (2.5) 347 (97.5) 356

Icterus as clinical sign Yes 1 (2.0) 48 (98.0) 49 1.33 0.16-10.82 0.560

NoR 9 (1.5) 509 (98.5) 517

Bivariate and multivariate logistic regression analysis of dog owners positive for Leptospira from July 2015 to July 2016 in the urban area of Londrina, Southern Brazil.

*Variables included in the logistic models.
RReference category.

**Variables with p < 0.05.

There was no significant multiple logistic model.

MW, minimum wage.

overall human:dog leptospirosis positivity ratio of 1:11.55 and
an owner seroprevalence that was significantly lower than that
of their dogs. Using a similar comprehensive approach, our
research group previously demonstrated the opposite pattern
for toxoplasmosis, with a human:dog ratio of 2.55:1, an owner
seroprevalence significantly higher than that of their dogs, with
canine seroprevalence directly associated with having more dogs
and a dirty backyard, and with spatial differences between owner
and dog exposures (39).

Serological surveys on canine leptospirosis throughout Latin
America have shown wide-ranging prevalence rates, varying
from 4.9 to 72.0% depending on country, region, dog population
and historical endemic level (40). Prevalence studies have varied
from 41/335 (12.23%) positive stray dogs in northern Brazil
(40), 163/1,233 (13.21%) positive domiciled dogs in a poor
flooding area in eastern Brazil (23), 35/175 (20.00%) positive
culled stray dogs in western Brazil (18), 132/653 (20.21%)
positive owned dogs in an urban area near Londrina (19), 7/33
(21.21%) positive abandoned stray dogs on the Londrina State

University campus (30), 51/236 (21.61%) positive owned dogs
from a University neutering program in northern Brazil (31),
and 33/228 (14.4%) and 35/90 (38.9%) positive dogs in the same
city of the capital metropolitan area in an eastern Brazilian
(41) state.

The seroprevalence of 155/729 (21.26%) positive dogs in the
current study was within previous findings for Londrina city
(20.21, 21.21, and 21.61%), with surprisingly non-significant
differences in prevalence despite differences in the dogs with
regard to street access and owner care (18, 19, 30, 31). Thus,
the current study may offer a comprehensive and non-biased
serologic survey of domiciled dogs throughout the urban city area
by randomly including dogs and owners from a representative
household distribution.

The Brazilian Ministry of Health has established a unified
mandatory notification system for suspected human leptospirosis
cases, which provides epidemiological information on
endemicity nationwide. Despite subpar notification rates
due to lack of diagnosis and mild or non-attended cases, Parana
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TABLE 6 | Aspatial logistic regression applied to variables with dogs seropositivity to leptospirosis.

Variables Positive n (%) Negative n (%) Total N OR 95% CI p- value

Dogs

Income ≤ 1 MW 37 (21.9) 132 (78.1) 169 1.05 0.69–1.59 0.447

> 1 MWR 118 (21.1) 442 (78.9) 560

* Accumulated water Yes 25 (26.0) 71 (74.0) 96 1.36 0.83–2.24 0.137

NoR 130 (20.5) 503 (79.5) 633

Open sewage Yes 12 (21.1) 45 (78.9) 57 0.99 0.51–1.91 0.562

NoR 143 (21.3) 529 (78.7) 672

** Exposed garbage Yes 104 (19.4) 431 (80.6) 535 0.68 0.46–0.99 0.030

NoR 51 (26.3) 143 (73.7) 194

Wasteland Yes 80 (21.3) 296 (78.7) 376 1.00 0.70–1.43 0.532

NoR 75 (21.2) 278 (78.8) 353

** Sex Female 71 (17.4) 336 (82.6) 407 1.49 1.13–1.97 0.003

MaleR 84 (26.1) 238 (73.9) 322

Bathroom outside Yes 28 (20.7) 107 (79.3) 135 0.97 0.61–1.53 0.493

NoR 126 (21.3) 465 (78.7) 591

Presence of rats Yes 116 (20.6) 446 (79.4) 562 0.85 0.56–1.29 0.258

NoR 39 (23.4) 128 (76.6) 167

* Street Access Yes 93 (24.0) 294 (76.0) 387 1.43 0.99–2.05 0.052

NoR 62 (18.1) 280 (81.9) 342

Hunting Habit Yes 69 (21.6) 250 (78.4) 319 1.04 0.73–1.49 0.830

NoR 86 (21.0) 324 (79.0) 410

** Presence of equines Yes 15 (60.0) 10 (40.0) 25 6.04 2.66–13.74 0.001

NoR 140 (19.9) 564 (80.1) 704

* Presence of bovines Yes 2 (66.7) 1 (33.3) 3 7.49 0.67–83.15 0.116

NoR 153 (21.1) 573 (78.9) 726

** Presence of opossums Yes 3 (75.0) 1 (25.0) 4 11.31 1.17–109.49 0.032

NoR 152 (21.0) 573 (79.0) 725

*** Presence of other positive dogs Yes 0 (0.0) 50 (100.0) 50 - - -

NoR 155 (22.8) 524 (77.7) 679

* Clinical sign: vomit and/or diarrhea Yes 21 (17.1) 102 (82.9) 123 0.73 0.44–1.20 0.129

NoR 134 (22.1) 472 (77.9) 606

Dirty backyard Yes 62 (20.3) 244 (79.7) 306 0.90 0.63–1.29 0.320

NoR 93 (22.0) 330 (78.0) 423

** Nearby forest Yes 33 (29.5) 79 (70.5) 112 1.69 1.08–2.66 0.017

NoR 122 (19.8) 495 (80.2) 617

Contact with other domestic animal Yes 124 (21.0) 467 (79.0) 591 0.92 0.59–1.43 0.390

NoR 31 (22.5) 107 (77.5) 138

Presence of dogs Yes 115 (20.9) 434 (79.1) 549 0.93 0.62–1.39 0.395

NoR 40 (22.2) 140 (77.8) 180

Clinical sign: weight loss Yes 16 (23.9) 51 (76.1) 67 1.18 0.65–2.13 0.583

NoR 139 (21.0) 523 (79.0) 662

Final logistic model Adjusted-OR 95 CI adjusted-OR p-value (Wald test)

Presence of equines 0.19 0.08–0.43 <0.001

Sex (female) 1.67 1.17–2.23 0.019

Exposed garbage 1.51 1.02–2.23 0.041

Bivariate and multivariate logistic regression analysis of dogs positive for Leptospira from July 2015 to July 2016 in the urban area of Londrina, Southern Brazil.

There was no significant interactions between co-variates of the final model.

*Variables included in the logistic models.

**There was no sufficient expose and no expose to proceed the analysis.

***There was no sufficient animals to calculate.

MW, minimum wage.
RReference category.
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TABLE 7 | Aspatial logistic regression applied to variables with households positivity to leptospirosis.

Variables Positive n (%) Negative n (%) Total N OR 95% CI p-value

House

Income ≤ 1MS 40 (27.8) 104 (72.2) 144 1.22 0.79–1.87 0.212

> 1 MSR 101 (24.0) 320 (76.0) 421

Accumulated water Yes 17 (22.1) 60 (77.9) 77 0.83 0.47–1.47 0.318

NoR 124 (25.4) 364 (74.6) 488

** Open sewage Yes 4 (10.0) 36 (90.0) 40 0.32 0.11–0.90 0.014

NoR 137 (26.1) 388 (73.9) 525

Exposed garbage Yes 103 (25.1) 308 (74.9) 411 1.02 0.67–1.57 0.509

NoR 38 (24.7) 116 (75.3) 154

* Wasteland Yes 80 (26.7) 220 (73.3) 300 1.22 0.83–1.79 0.183

NoR 61 (23.0) 204 (77.0) 265

Bathroom outside Yes 25 (22.9) 84 (77.1) 109 0.87 0.53–1.42 0.333

NoR 116 (25.6) 338 (74.4) 454

* Presence of rats Yes 98 (23.1) 327 (76.9) 425 0.68 0.44–1.03 0.069

NoR 43 (30.7) 97 (69.3) 140

Dirty backyard Yes 58 (25.1) 173 (74.9) 231 1.01 0.69–1.49 0.944

NoR 83 (24.9) 251 (75.1) 334

Bivariate and multivariate logistic regression analysis of households positive for Leptospira from July 2015 to July 2016 in the urban area of Londrina, Southern Brazil.

*Variables included in the logistic models.

**Variables with p < 0.05.

MW, minimum wage.

There was no significant logistic model.
RReference category.

was ranked fifth out of 26 Brazilian states and the national
capital in 2015, with 362/3,257 (11.11%) of the total human
confirmed cases, of which 18/362 (4.97%) cases and 07/18
(38.88%) deaths were reported in Londrina; a similar pattern
with 05/14 (35.71%) deaths was observed in 2016 (42). The
human seroprevalence results of 11/597 (1.84%) in the current
study may corroborate the only two human studies from the
same region, which have found 25/207 (12.1%) human cases
near (33 km) Londrina city (33) and 2/157 (1.27%) cases among
veterinary students in the northwestern Parana State (43).
Despite the contact with positive dogs, the frequency of human
infection and infection risk have been relatively low and the
simultaneous positive serology of owners and dogs has provided
a comparative and statistically significant human:dog ratio of
2.55:1, which may be used as a comparative parameter of local
exposure to Leptospira.

Differences in human and dog serology may reflect distinct
infection patterns according to host species. While pathogenic
Leptospira have mostly caused human acute disease by accidental
host infection without renal carrier status (1), dogs present
different degrees of acute or chronic disease and occasional
colonization of the renal tubules, leading to a long-term shedding
and reservoir state (3). In such a scenario, a higher prevalence
of seropositive dogs in a specific area may indicate spirochete
circulation among animal populations, occasionally leading to
human infection (44). Molecular investigations in different hosts
have shown that the genetic machinery of serogroup Canicola
may lead to a similar infection potential in human beings (45),
pigs and dogs (46).

The present study has shown that seropositive domiciled
dogs may indicate an intra- and peridomiciliar risk environment
because they were exposed daily to the outdoor area near
the household environment, returning at night, exponentially
increasing contact and potentiate owner infection. Although
eliminating outside may not directly characterize an associated
risk factor for leptospirosis in dogs, the likelihood of rats in the
backyard may increase under such conditions.

Although rodents have been considered the main urban
hosts for leptospiral harboring and maintenance, particularly
in slums (16, 47), dogs and other animal species may be
implicated in the local epidemiology of human disease (48).
Leptospiral genotyping in human and rat infections in Seychelles,
which has one of the highest worldwide incidence rates,
has proposed other animal reservoirs (49). In addition, a
space-time association has been established between domestic
animal and human incidence, with the epidemiology of
animal infection being an associated risk for local human
infection (50).

Although the present study has focused on concomitant
seroprevalence and associated risk factors for leptospirosis
seropositivity, individual analysis of serogroups, particularly
Canicola, may provide important information since the role of
dogs were surveyed as potential reservoirs and as susceptible
species. Such a double role of dogs in the leptospiral life cycle
may lead to long periods of infection and may explain the higher
prevalence of serogroup Canicola in 3/11 (27.27%) owners and
76/155 (49.03%) dogs. However, detection of other serogroups in
8/11 (72.72%) owners and 65/155 (41.94%) dogs may indicate the
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FIGURE 3 | Histogram of age for positive and negative dogs for Leptospira from July 2015 to July 2016 in the urban area of Londrina, Southern Brazil.

presence of other environmental reservoirs that may be a source
of infection for both human beings and dogs.

A previous survey of human and animal leptospirosis in
Southern Brazil (51) found Canicola to be the most prevalent
serogroup in dogs with 329/1,176 (27.96%) positive for the
Tande strain, 266/1,176 (22.60%) positive for the Kito strain
and 216/1176 (18.34%) positive for the Hond Utrecht IV
strain; Autumnalis was the most prevalent human serogroup,
with 195/997 (19.41%) seropositive humans. A previous study
similarly found low detection of the common worldwide
human serogroup Icterohaemorrhagiae (Copenhageni and
Icterohaemorrhagiae) among human beings and dogs (46, 52).

Early studies have molecularly detected shedding of
Leptospira in the urine of asymptomatic dogs with different
serological titers (53, 54). In addition, MATmay not differentiate
among infection, vaccination, and maternal antibodies (55),
and puppies younger than 6 months and dogs vaccinated
dogs <6 months prior were excluded from the descriptive
statistical analyses. Hence, leptospiruria in any given dog may
have played a role in environmental contamination in the
present study. In addition, due to the lack of paired samples,
particularly from seropositive titers, no disease could be
confirmed based on a 4-fold increase in titer between paired sera
(56). For dogs, parameters defining infection have not been fully

established. Thus, although human titers ≥ 400 for one or more
serogroups can be interpreted as a present or recent infection, no
extrapolation has been made for dogs.

Despite it was not the most frequent, the high frequency of
serogroup Autumnalis and the decreased frequency of serogroup
Icterohaemorrhagiae have corroborated previous studies; this
pattern may be associated with long-term canine vaccination
and may have demonstrated a distinct pattern of leptospirosis,
which may suggest urban environmental contamination (57).
Although not the focus of the present study, rodents, and other
local animal species (opossums, agoutis, capybaras) should be
further surveyed, if possible, to fully establish their role regarding
each leptospiral serogroup. Such studies should be used as a basis
for future local public health actions for leptospirosis control
and prevention.

Considering that human leptospirosis may cause non-specific
febrile disease and self-remission within a week after onset
(58), the three owners with titers for serogroup Canicola of
1:200, 1:200, and 1:800 may have experienced mild infection
since no clinical signs were mentioned at the time of blood
samplings. Since the dogs of these owners also presented high
titers, with 1:3,200, 1:1,600, and 1:3,200 for serogroup Canicola,
respectively, the same exposure source in the intra-domiciliary
infection from dog to its owner should be considered. The
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TABLE 8 | Spatial multivariate logistic regression.

Multivariate

logistic

MV (SAR)b MV (SEM)c GMM (SAR)d

Dependent variable: dogs positive to Leptospira

Presence of a

positive human

1.48*** 0.24** 0.26*** 0.23**

(0.50) (0.10) (0.10) (0.12)

Vaccine 0.01 −0.09* −0.09** −0.09**

(0.07) (0.05) (0.05) (0.04)

Street Access 0.09 0.10** 0.11*** 0.10**

(0.10) (0.04) (0.04) (0.04)

Income2 −0.12 −0.01 0.00 −0.01

(0.23) (0.04) (0.04) (0.04)

Income3 −0.11 0.03 0.04 0.03

(0.27) (0.04) (0.05) (0.04)

Presence of dogs −0.06 −0.06 −0.05 −0.06

(0.06) (0.04) (0.04) (0.04)

More than one

dog in the house

−0.06 0.00 0.01 0.00

(0.26) (0.01) (0.01) (0.01)

FACT_1 −0.01 −0.08 −0.07 −0.07

(0.22) (0.05) (0.05) (0.05)

FACT_2 −0.01 −0.07 −0.06 −0.06

(0.33) (0.05) (0.05) (0.05)

Households 0.02 0.01 0.01 0.01

(0.05) (0.01) (0.01) (0.01)

Constant −1.29*** 0.19*** 0.22*** 0.15***

(0.32) (0.06) (0.06) (0.07)

Lambda 0.02*** 0.05***

(0.01) (0.02)

Rho 0.03***

(0.01)

AICa 761 757 751 -

BIC 811 822 816 -

aAkaike’s information.
bMaximum Likelihood Estimation.
cMaximum Likelihood Estimation.
dEstimation by the Generalized Method of Moments because of the endogeneity of the

spatially lagged dependent variable.

***Variables with p < 0.01.

**Variables with p < 0.05.

*Variables with p < 0.10.

current analysis detected a statistically significant association
between the presence of a reactive dog in the household and a
greater likelihood of infection by Leptospira in its owner. Further
studies should focus on the serological and molecular assessment
of dogs, dog owners, rats, and the environment in the same
household to fully establish the role of each on the Leptospira
life cycle.

The association between households with a seropositive
owner or dog and risk of infection may also suggest the intra-
domiciliary influence on infection for both owners and dogs.
Moreover, proximity among households with positive owners
from households with positive dogs has suggested the likelihood

of peri-domiciliary infection. Unexpectedly, no clusters were
observed in the studied area, and peri-domiciliary standing
water following rain, green areas and water areas were not
associated with the likelihood of infection; these factors have
been previously shown to favor the survival of pathogenic
Leptospira (59).

In the present study, despite the impossibility of
multivariate logistic model calculation in owners due to the
low prevalence of 11/597 (1.84%) positive individuals, the
univariate analysis showed an association between visiting
woody areas and Leptospira infection; however, there was
no association between infection and having these areas
near the residences. Hence, even non-endemic and no-
flooding areas may be exposed to infection due to other
environmental causes. In environments of high infection
risk due to rodent infestation and flooding, a decrease in
human leptospirosis cases may be reached by efforts in
community improvements, particularly at the household and
individual levels (60). Likewise, dogs from households with
unprotected bag discharge were more likely (and confirmed
by logistic model) to be infected by Leptospira and serogroup
Canicola in the current study. Exposed garbage outside of
the households may have attracted rats, peridomestic and
wild species and also stray dogs nearby and contributed
to the environmental contamination with the Leptospira in
the surrounding microenvironments; a similar finding was
previously observed in a case-control outbreak of human
leptospirosis in which the presence of seroreactive dogs with
leptospiruria in an owner-case household may have suggested
high environmental contamination that caused a sequence of
direct transmission (61).

The association of female dogs with anti-Leptospira antibodies
has not been corroborated by previous studies, which have
shown males with higher prevalence than females, probably due
to territorial demarcation (62). However, the prior study was
performed in stray dogs, and different degrees of street access
may impact infection exposure. Likewise, the higher mean and
median age of positive dogs compared with negative dogs may
reflect a longer exposure time to potential environmental sources
of infection for both males and females.

In the present study, the peridomiciliary presence of
horses influenced the prevalence of dogs seroreactive for
Leptospira. Interestingly, 214/320 (66.88%) horses used for
carrying recycling material in the same urban area of the
present study have shown seropositivity for leptospirosis (63),
with 47/62 (75.80%) positive horses in a similar urban setting
nearby, but there was no association with reactive dogs. These
studies have suggested that seropositivity may be associated
with horse permanence in low sanitary areas with the presence
of rodents, similar to dog exposure and the likelihood of
infection. However, as Leptospira strains have been isolated
from mare urine (64), the possibility of infection in dogs
from horse urine may not be ruled out and should be
further investigated (65). Besides the relationship between
environmental factors can be influence on this association, this
factor was tested and not demonstrate significant results in the
present study.
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The results of this study were produced in a bivariate
analysis. In addition, identification of which variables
were significant was also relevant to explaining the dog
leptospirosis prevalence in a multivariate context. Thus, four
investigative econometric models have been estimated, including
eventual neighborhood effects, meaning whether a dog has a
higher likelihood of infection when the next-door neighbor
dog is seropositive.

In addition, the internal conditions of the house do not have
significant effects on animal infection. However, the parameters
for the neighborhood were significant (Rho). Special attention
should be given to the SAR and SEM models since eventual
endogeneity problems are considered, and they use spatially
lagged exogenous variables as instruments. These models may
suggest that, if the neighbors’ dogs have been infected, there
would be an increased likelihood of infection of an animal in
a specific household. Therefore, once again, the environment
conditions, in addition to the residence, may be crucial to an
increased probability of dog leptospirosis.

Only three variables were relevant in the explanation of
the dependent variable, considering a 10% significance level.
These results were interestingly similar to those observed in the
logit model when not considering space. Dogs that have been
vaccinated in the last 6 months are less likely to be infected, and
if there was any individual with leptospirosis, the likelihood of
an infected dog would be higher. The significance of the street
variable suggests that the free-range dogs may be more likely to
have a Leptospira infection than those who were bred indoors or
were semidomiciled and finally, if a residence has an individual
reactive to Leptospira, there is a greater probability that there will
be an infected dog in the house.

The previous studies focused on the zoonotic infection
with association of companion dog and owners has only
been suggested in the presence of flooding areas as during
an outbreak of hemorrhagic fever in late 1990’s in Nicaragua
(61) and after detection of L. interrogans in environmental
water samples in Thailand (66), which has not occurred
in the present study. Such findings may suggest a direct
“flooding free” contact model involving a mammal triangle and
cross-infection of owners and their dogs. The World Health
Organization (WHO) authorities have already been alerted
to the potential public health threat due to the increasing
human:animal bond, especially due to zoonotic transmission
suggesting a new global holistic and unified approach to One
Health (67). Based on the comparative comprehensive study
herein, strategies for control measures against leptospirosis
should include pet vaccination, restriction of street access, and
careful urine manipulation.

CONCLUSION

Finally, the present study has shown a higher risk of owner
leptospirosis associated with their own reactive dogs, particularly
for serogroup Canicola, contributing to a better understanding
of leptospirosis cross-species infection. In addition, simultaneous
seropositivity in two owners living in the same household as their

dogs strongly suggests an intradomicile-transmitted infection,
with a direct or indirect role played by their owned dogs.
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Introduction: Biodiversity is inextricably linked to human health. As an important area of

research of the Convention on Biological Diversity and a key avenue for the dissemination

of biodiversity and health knowledge, we investigated how well-embedded biodiversity

and health interlinkages are in institutional higher education offerings.

Methods: Using One Health education programs as a starting point, we collected

a global list of institutions potentially carrying out education in the links between

biodiversity and health through previously published research, academic partners of

global conglomerates, and our own networks. We then analyzed the offerings from these

institutions to determine the degree of integration of biodiversity and health interlinkages.

Results: We found 105 educational offerings in biodiversity and health interlinkages from

89 institutions in 30 countries. These were primarily found in faculties of public health,

veterinary sciences, and medicine, with varying degrees of coverage of the interlinkages.

Conclusion: Education incorporating the links between biodiversity and health exists

globally, but should be more widely integrated, particularly through inter-faculty and

inter-institutional collaboration.

Keywords: one health, biodiversity, education, global health, planetary health, conservation, capacity-building,

climate change

INTRODUCTION

The Earth has lost 68% of its ecosystems and associated biodiversity in the last 50 years due
to anthropogenic activity (1, 2). The consequences of this unprecedented global ecological
and environmental disruption are now more daunting than ever before, especially if we
consider the increasing number of pathogen spillover events from wildlife and domestic
animals to humans (3, 4). However, outside of the One Health community, recognition of
the importance of ecosystems and biodiversity for human health is often lacking. Along with
climate change response, the international community needs to focus on biodiversity conservation
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by emphasizing holistic approaches to health such as One
Health and Planetary Health (5). In 2015, the Secretariat of
the Convention on Biological Diversity (CBD) and the World
Health Organization (WHO), with contributions from over 100
international experts, published “Connecting Global Priorities:
Biodiversity and Human Health - A state of knowledge review”
(6). The report provides a comprehensive review of the numerous
ways in which biodiversity underpins health and the health risks
associated with ecosystem disruption and biodiversity loss.

The Strategic Plan for Biodiversity and its 20 Aichi
Biodiversity Targets adopted by the Conference of the Parties
to the CBD in 2010, provided a 10-year overarching framework
for action on biodiversity to 2020 (7). Aichi Targets 1 and
19 addressed the knowledge deficiency in biodiversity and
attempted to increase the awareness and appreciation in the
general public as well as increase knowledge, the science base
and technologies related to biodiversity. Governments have
largely failed to meet the overwhelming majority of the Targets
to 2020, however Targets 1 & 19 are among the few that
have seen progress (8, 9). The achievements of these targets
can be furthered by interdisciplinary educational institutions’
integration of biodiversity and its interlinkages to human health.

In academic curricula, biodiversity is typically covered in
biology and ecology courses but increasingly also in the fields
of economics, geology and anthropology (10, 11). In the field
of veterinary medicine, public health and more recently in
areas such as tropical medicine and a few institutions of
human medicine, biodiversity interlinkages are gradually being
introduced as part of One Health and global health curricula,
particularly in the context of zoonotic emerging infectious
diseases (12, 13).

Educational programs and courses teaching One Health can
now be found in faculties of veterinary medicine, public health,
human medicine and applied sciences at all levels of instruction.
In 2016, there were 83 academic One Health programs and
courses listed in North America alone (14). Further lists of these
offerings were developed in Western Europe, China, South Asia,
Sub-Saharan Africa and Australia/New Zealand; but did not
include South America where One Health is gaining considerable
importance (14–19).

With the need for more scientific, political and societal
attention to the interlinkages between biodiversity and health in
order to prevent future pandemics and reduce environmental
disruption (4), we set out to explore if, where, and to what
extent, biodiversity and health interlinkages are covered in higher
education courses, programs, modules and certificates (‘offerings’,
hereafter) worldwide and in high biodiversity areas (biodiversity
hotspots), in particular (20).

METHODOLOGY

As biodiversity and its links to health is part of a wide One Health
approach, we first collected lists of offerings from institutions
teaching One Health as identified in previous publications (14–
19, 21).

Second, Partner institutions of internationally
recognized platforms including One Health Commission
(www.onehealthcommission.org), Consortium of Universities

for Global Health (www.cugh.org), EcoHealth Alliance
(www.ecohealthalliance.org) and Planetary Health Alliance
(www.planetaryhealthalliance.org), were screened for offerings
with biodiversity and health interlinkages.

Thirdly, additional programs and institutions were added
through a web search in English using Google between May
and July 2020 using the following keywords: “One Health
education,” “One Health program,” “One Health course,” “One
Health training,” “planetary health education,” “planetary health
program,” “planetary health course,” “planetary health training,”
“biodiversity and health” “biodiversity and health training”
“biodiversity and health education” “biodiversity and health
course,” “biodiversity and health program.” Major massive
open online course (MOOC) platforms, namely Coursera,
Udemy, EdX, FutureLearn and Udacity, were also searched
using the following keywords: “One Health,” “planetary health,”
“biodiversity and health.”

Lastly, to identify further institutions and their offerings,
we performed consultations involving experts from One Health
Commission, EcoHealth Alliance, andOneHealth Latin America
and the Caribbean. Additional One Health experts in the authors’
networks and the network of these were consulted. Overall,
we reached out to 23 experts and spoke to 14. Through these
consultations, institutions and programs in French, Spanish and
Portuguese were added. For each institution listed, program
descriptions, course descriptions and course syllabi (where
available) were analyzed for offerings which included biodiversity
and health interlinkages.

Six key biodiversity and health interlinkages are highlighted in
the CBD/WHO State of Knowledge Review: ecosystem services
(including pollination, food security and availability, nutrition,
water quality, and air quality); climate change adaptation
and disaster risk reduction (DRR); the human microbiome;
traditional medicine/pharmaceuticals; spiritual, cultural and
physical well-being; and emerging infectious diseases (EIDs).

Any offering which included explicit mention of one or more
of these interlinkages was included in our offerings dataset.
Offerings had to be available yearly with the same or similar
topics, therefore one-off seminars and workshops were not
included. Institutions and their offerings were excluded from
in-depth review if no formal mention of training or education
in biodiversity and health interlinkages or One Health was
listed. Offerings from institutions which had indirect or unclear
offerings were included in the mapping to emphasize regional
distribution and as areas for further incorporation and capacity-
building. Indirect offerings describe offerings which cover topics
related to biodiversity and health interlinkages, but where there
is no explicit mention of their interlinkages (ex. food safety,
zoonoses, infectious disease). Unclear offerings describe offerings
in which inadequate information was available to confirm
coverage of interlinkages, but based on the title of the offering,
it is plausible that there is coverage (ex. Master of One Health at
University of Alaska Fairbanks).

RESULTS

A total of 341 institutions worldwide were screened for inclusion,
with 219 included for in-depth review. These institutions were
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FIGURE 1 | Distribution of institutions teaching biodiversity and health interlinkages (blue icons, n = 88). Yellow icons represent those with indirect offerings (n = 28);

red icons, unclear offerings (n = 18). Distribution is overlaid on biodiversity hotspots (22).

found through previous publications (n = 96), international
platforms (n = 213), Google and MOOC platform searches (n
= 13), and expert consultations (n= 19).

From the 219 institutions reviewed, 105 offerings from 89
institutions and 30 countries were included in the dataset
(Supplementary Table). Our data showed an important regional
imbalance toward North America and Europe, where 68% of
the institutions teaching biodiversity and health interlinkages are
found. Oceania and Asia represented another 20%, leaving 12%
of the programs split between Africa and Latin America and
the Caribbean (Figure 1). Among the institutions included in
our findings, 30 (34%) of them are located within biodiversity
hotspots and 62 (70%) are in countries with biodiversity hotspots,
as defined by Myers et al. (20) (over half of these being in the
United States of America) (See Figure 1).

Offerings were found primarily in public health, veterinary
medicine and human medicine faculties (22, 19, and 15%,
respectively). Other faculties ranged from anthropology to
forestry to sustainable development. The offerings targeted the
spectrum of higher education, from open-access online courses
to undergraduate, graduate, post-graduate, doctorate, and post-
doctoral offerings, to continuing education for professionals.
Most common were graduate-level offerings (50%), followed
by undergraduate offerings (20%). There were some offerings
available to professionals, typically from the public health and
veterinary field. Often these were formatted as online continuing
education modules or intensive short courses.

The majority of offerings covered only one or two of the
biodiversity and health interlinkages (82 of 105, or 78%), while

just six of them covered four of these. Encouragingly, the
offerings covering three to four interlinkages (22%) came from
a wide variety of faculties including human and veterinary
medicine, public health, environmental science and biology.
The most common interlinkages covered were ecosystem
services [79 of the 105 offerings (75%)] and climate change
adaptation & DRR (51%). Biodiversity and EIDs (45%) was
often offered alongside ecosystem services and/or climate change.
Topics such as spiritual, cultural and physical well-being, the
human microbiome and traditional medicines/pharmaceuticals,
all recognized as relevant areas of intersection in the State
of Knowledge review, were not well-represented across the
institutions (24% combined) (Figure 2).

DISCUSSION

There is an apparent geographical bias in institutions teaching
biodiversity and health interlinkages. The majority of institutions
in our dataset are based in Western Europe and North America.
There is also a bias toward certain biodiversity and health
interlinkages, notably ecosystem services and climate change.
Many of the offerings covered only a small number of the
interlinkages searched for, but offerings were found in a wide
variety of faculties.

Our data show that biodiversity and health interlinkages
are taught most often in public health offerings. This is
likely due to the longer history of recognition of the
interdisciplinary nature of public health (23). Schools of public
health tend to promote inclusion of students from a variety of
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FIGURE 2 | Coverage of biodiversity and health interlinkages throughout offerings by region (LatAm, Latin America and the Caribbean; EID, Emerging

Infectious Diseases).

disciplines including physicians, nurses, veterinarians, biologists,
psychologists, economists, lawyers etc. Schools of public health
offering teaching in biodiversity and health interlinkages (often
embedded in One Health-focused courses and programs)
have some of the most comprehensive programs we found,
likely because public health has long recognized the necessity
for interdisciplinary and cross-sectoral collaborations and the
development of a diverse workforce with knowledge of current
biodiversity and health challenges (24). In our results, all six
of the biodiversity and health interlinkages were found in
at least one offering from a school of public health. This
breadth of coverage of biodiversity and health interlinkages,
and the diversity of student’s backgrounds and experience in
public health programs, currently makes them particularly well-
suited to fostering leadership in combined biodiversity and
health education.

Veterinary and human medicine programs tend to be very
clinically focused and there are associated challenges of finding
the space within an already well-established curriculum to
incorporate new topics and content (25). Suggestions to better
incorporate these concepts into veterinary education include
pre-clinical education (where applicable), common coursework
with medical and science students and interdisciplinary faculty
working across multiple domains (26–28). These ideas do not
represent fundamental changes in veterinary education, but
applied learning strategies that can be introduced without
overhauling existing programs. Indeed, population biology is
an overarching theme in veterinary medical education, and

thus biodiversity could also be included. In human medicine,
physicians are rarely trained to understand, or to inform the
public, about the interlinkages between biodiversity and human
health, or how to apply nature-based solutions or ecosystem
services in their clinical practice (29). Medical school curricula
are highly standardized and clinically focused. There is often
little room for advancement inmore general themes and systemic
approaches to health outside of the clinical setting. Clinical,
rather than population level, applications of biodiversity and
health interlinkages may be a way to achieve integration into
medical programs (30). These applications can include the
contribution of biodiversity to dietary quality and nutritional
assessment, green prescriptions and conservation psychology
(31–33). These are all examples of interlinkages that can
be included within specialized courses already integrated in
human medical curricula. However, for most biodiversity and
health interlinkages, population-level applications are of highest
importance. Other research suggests looking to external bodies
and elective courses for integration of these interlinkages (29,
34). While simpler, this would mean only a small proportion
of physicians would be trained to acknowledge and apply
biodiversity and health interlinkages into their practice.

The interest of integrating topics and approaches rather
than separate disciplines in higher education course offerings
is that there is no need to shoehorn another course into an
already packed curriculum. Having learning outcomes such as
values, knowledge and skills in an approach can help with
integration in health professional education (35). These topics
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TABLE 1 | Number of educational offerings per region separated according to target level of education and faculty offering the education opportunity.

Target Level of Education* Faculty

Undergraduate Graduate Professional Ed. Public health Veterinary Medicine Other

Africa 0 4 2 2 0 0 4

Asia 1 6 2 3 2 2 2

Europe 2 20 3 1 5 9 12

Lat Am 3 3 3 1 3 1 2

North America 15 29 4 16 7 7 17

Oceania 4 8 0 1 4 0 6

*some offerings open to multiple levels of education.

can be included throughout educational programs as case studies,
individual lectures and mandatory readings to support what
is already being taught, allowing practitioners to have a more
complete view of upstream drivers of health. Every medical
program discusses infectious disease, so emphasis should be also
placed on how ecosystem disruption and degradation can play a
significant role in the emergence and re-emergence of infectious
disease, particularly considering the growing number of zoonotic
spillover events. This is of particular interest for medical faculties
located in hotspots of disease emergence (36). Key areas for this
include Latin America, West Africa and Southeast Asia, where
almost every country has areas with high biodiversity and high
risk of infectious disease emergence. Yet our dataset showed only
a small number of offerings covering biodiversity and health
interlinkages in Latin America, with only two highlighting EIDs.
Future medical practitioners should be made aware of the risks
associated with EIDs and the need for cross-sectoral surveillance
in collaboration with veterinarians and other professionals.

Capacity-building projects to train professionals in One
Health approaches can be a way to build regional and national
resilience while preventing the major drivers of biodiversity
loss and its effects on health (37). In our search, we found
offerings not only for students but interdisciplinary high-level
training for professionals which is key for region-specific,
adaptable education (see Table 1). Local collaborations such as
communities of practice are a way to encourage peer-to-peer
education and research as well as capacity- building in education
(38). Collaborations like these between faculties, universities,
and development organizations allow for wider integration of
biodiversity and health interlinkages and are key for distribution
of knowledge (39). This is also an opportunity to address
the regional institutional bias. Institutions with established
teaching in the interlinkages of biodiversity and health should
develop further partnerships with institutions in other areas
of the world, particularly those in biodiversity hotspots, to
build capacity and share knowledge (See Figure 1). There are
examples of this working in the past (40) and One Health
University networks in Southeast Asia and Africa, as well as
One Health groups in Latin America, are great examples of
current collaborations working to establish a stronger One
Health workforce.

Although more prevalent in human and animal sciences,
our data shows that these topics can also be found in faculties
of science, agriculture, forestry, environment, development,
public affairs, arts and anthropology. This variety of faculties,
with many being interdisciplinary, shows that teaching in
biodiversity and health interlinkages is available to a wide
range of learners with many different backgrounds. It also
allows for inter-faculty collaboration and mobility of students
across faculties for fortified learning experiences (30, 41, 42).
This demands institutional capacity and the willingness to
incorporate the necessary reform of funding for interdisciplinary
research and educational offerings (40). It also requires shifting
away from purely curative approaches to health, toward more
comprehensive approaches also focused on prevention. It is
through this collaboration and adaptability that ‘sustainable
curricula’ can be developed (43, 44). Whether on a global
scale with large institutional partnerships or a local scale with
inter-faculty collaboration, education in biodiversity and health
interlinkages can have a much wider reach.

There is also opportunity for broader incorporation of the
interlinkages through the expansion of One Health research
already existing in several institutions. Research like that by
Togami et al. (45), which lays out step-by-step approaches to
incorporating One Health concepts into academic programs,
are very informative for institutions and can aid them in
adjusting complicated curricula. As shown, multiple institutions
around the world are integrating biodiversity and health
interlinkages into their teachings in a variety of disciplines.
However, more can be done to integrate these concepts into
a wider variety of programs and to reach a wider audience.
The understanding of human connection to the natural world
has been brought to the forefront due to the COVID-19
pandemic. Studies have shown large increases in the use of
green spaces and searches for the connection of the current
crisis to nature (46–48). COVID-19 has provided us with a
reinforcement of the need for more work to protect biodiversity
for our own health and may create more opportunities for
education as the world adapts to a new understanding of
ecosystem function. Education, with particular emphasis on
the unifying One Health concept, remains a key to global
sustainability (44). As the world moves into another decade,
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one the UN has described as the UN Decade on Ecosystem
Restoration (49), teaching in biodiversity and its links to global
health and well-being should be expanded throughout higher
education offerings.

LIMITATIONS

This being a first preliminary overview, with a simple, yet
rigorous methodology, we could not comprehensively cover
all offerings worldwide. Some may have been missed in the
initial searches due to language or availability of information
on the web or in published literature. For instance, ecohealth
was not used as a search keyword in the methodology due
to initial searches turning up few results and opportunities in
ecohealth education being captured through partner institutions
of the EcoHealth Alliance. Our consultations were also limited
to Latin America, partly due to the research focus of the special
issue of this journal. Further consultation with colleagues in
Europe, Africa and Asia would surely reveal other offerings. We
also recognize the importance of workshops, conferences and
seminars as important capacity-building activities which can lead
to deeper institutional integration of the interlinkages, especially
for in-service professionals. This is beginning to show in Latin
America as One Health activities grow through institutions
with strong One Health leadership. Next steps will include
more localized surveys of faculties in order to discover more
educational offerings. In fact, we have already started this in
Brazil and other Latin American countries. Further discussions
and a chance to distribute surveys such as Omrani et al. (50)
did for climate change with medical students will allow for
a more complete picture of higher education offerings in the
interlinkages of biodiversity and health.

CONCLUSION

This preliminary overview has shown that biodiversity and
health interlinkages are increasingly being integrated into a wide
variety of higher education institutions and their educational
offerings worldwide. Further integration with wider coverage
of biodiversity and health interlinkages is especially needed
in institutions within biodiversity hotspots as these are the
places most likely to experience the direct health effects of
biodiversity loss. This can be accomplished through inter-faculty
and inter-institutional collaboration and restructuring of funding
for interdisciplinary research. With growing attention to the
interlinkages between biodiversity and human health through
recent pandemics and the decade on ecosystem restoration,
we hope to see greater integration of these vital links into
higher education.
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Based on the interdisciplinary concept of One Health, EcoHealth, and Planetary Health,

this paper focuses on participatory knowledge-to-action approaches by relating one

decade of environmental disasters in Brazil with the action of veterinary rescue teams,

aiming to give support to future disaster preparedness. This paper will present the

historic actions of teams rescuing animal that are victims of environmental disasters,

in addition to addressing the need for contingency plans and response management in

these types of events. The main events in Brazilian states where veterinary rescue teams

participated were, chronologically, as follows: 2011 flood and landslide (Rio de Janeiro);

2012 flood (Acre, Minas Gerais, and Pará); 2015 dam break (Minas Gerais); 2017 flood

(Minas Gerais) and forest fire (Minas Gerais and Goiás); 2019 dam break and evacuation

(Minas Gerais) and flood (Bahia); 2020 flood (Espírito Santo and Minas Gerais) and forest

fires (Mato Grosso and Mato Grosso do Sul). The Brazilian disasters that had a large

global repercussion were the ruptures of the ore dams in Marina (2015) and Brumadinho

(2019), both in the State of Minas Gerais. The role of veterinarians in these events was

recognized by the Federal Council of Veterinary Medicine (CFMV) after their performance

in Mariana, Minas Gerais (2015), and in 2020, the CFMV approved the National Mass

Disaster Contingency Plan Involving Animals. The work of veterinarians in interaction with

other professionals in environmental disasters proved to be effective and necessary for

the rescue of animals and for planning and giving support to disaster preparedness in

the future.

Keywords: Brazilian pantanal, Brumadinho, ecohealth, Mariana, one health, planetary health

INTRODUCTION

The term “disaster” has different concepts, but the concepts invariably refer to at least
one of these factors: threat, vulnerability, risk, exposure, and responsiveness (1). Disasters,
regardless of their technical classification, are undesirable and unpredictable events that
generate great instabilities in an affected population, negatively impacting directly and indirectly
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environmental and socioeconomic conditions in
a near or distant manner, depending on their
magnitude (2).

In general, disasters devastate homes, establishments, and
properties, destroying livelihoods and deteriorating essential
services, damaging the individual and collective health of humans
and animals, reflecting on injured individuals and a variable
number of deaths, in addition to leading to damage to a greater
and lesser extent and also to mental damage that may be transient
or long-lasting (3).

Depending on the type of disaster, different demands are
faced by the communities and teams responsible for providing
support in the post-tragedy. For this, the professionals of these
teams must have multidisciplinary skills from previous training,
as well as adequate resources for proper support (4, 5). In some
countries, such as the United States, disaster response teams
are composed of firefighters, doctors, paramedics, engineers, and
machinery operators (tractors and cranes), specialized in rescue,
with the duty to locate, extract, and provide assistance (6, 7).

Adverse events, mainly of climatic origin such as droughts and
forest fires, of hydrological origin such as runoffs and floods, and
of meteorological origin such as heat waves and tropical cyclones,
currently affect populations worldwide and particularly in Brazil.
According to data from theUnitedNations International Strategy
for Disaster Reduction (UNDRR), more than 200 million people
are affected by disasters of different origins every year (1).

This paper will present a brief overview of the historic
actions of volunteer veterinarians in rescuing animal victims
of environmental disasters, in addition to addressing the need
for contingency plans and response management in these types
of events.

Environmental Disasters in Brazil
In Brazil, the occurrences of disasters, especially those of natural
origin, coincide with the deterioration of living conditions in
cities, with the occurrence of many damages and losses (1). It
is estimated that these phenomena aggravate problem situations
such as malnutrition, endemic infectious diseases, and accidents
due to extreme events. Additional risks to public health must also
be considered: excessive demand on health services, water supply
problems, and increase in some diseases (8).

The main events with participation of veterinary rescue teams
in Brazilian states were, chronologically, as follows: 2011 in Rio de
Janeiro (flood and landslide); 2012 in Acre and Pará (flood) and
Minas Gerais (flood); 2015 in Minas Gerais (dam break); 2017
in Minas Gerais (flood and forest fire) and Goiás (forest fires);
2019 in Minas Gerais (dam break and evacuation) and Bahia
(flood); 2020 in Espírito Santo and Minas Gerais (flood) and in
Mato Grosso and Mato Grosso do Sul (Pantanal forest fires) (9)
(Table 1).

In January 2011, heavy rains triggered what would be
considered the worst Brazilian natural disaster of recent times:
the floods and landslides in the mountain region of Rio de
Janeiro, an event that caused 905 deaths in seven cities and
affectedmore than 300,000 people, which corresponded to 42% of
the population of the affected municipalities, that is, 4.46% of the
population of the State of Rio de Janeiro at the time. Total losses

TABLE 1 | Main events with the participation of veterinary rescue teams in the

Brazilian states on the last decade, chronologically.

Year State Cities/areas Type of disaster

2011 Rio de

Janeiro

Nova Friburgo and

other municipalities

flood and landslide

2012 Acre Rio Branco and

Brasiléia

flood

Pará Santa Cruz do Arari flood

Minas Gerais Tiradentes,

Congonhas,

Conselheiro Lafaiete,

São João del Rei

flood

2015 Minas Gerais Mariana and other

municipalities in the

course of river Doce

dam break

2017 Goiás Alto Paraíso (Chapada

dos Veadeiros)

forest fire

Minas Gerais Rio Casca flood

Ouro Branco forest fire

2019 Minas Gerais Brumadinho dam break

Barão de Cocais preventive

evacuation (risk of

dam break)

Bahia Coronel João de Sá dam break

2020 Espírito Santo Iconha, Rio Novo do

Sul, Alfredo Chaves,

Cachoeiro de

Itapemirim, Castelo,

Vargem Alta, and other

municipalities

flood

Minas Gerais various cities flood

Mato Grosso various cities (Pantanal) forest fire

Mato Grosso

do Sul

various cities (Pantanal) forest fire

were estimated at US$3 billion; however, these omit relevant
impacts in sectors such as education and health, which could not
be considered due to unavailability of detailed information (1).

The national disasters, in Brazil, that had a large global
repercussion were the ruptures of ore dams in Marina (2015) and
Brumadinho (2019), both in the State of Minas Gerais, with is
the state with highest number of disasters and consequentially
rescue team actions (10). In the case of the Mariana disaster,
even other states had been affected, for example, the State of
Espírito Santo, where the mouth of the river Doce, sourced in
Minas Gerais, is located. Some of these impacts were observed
in estuarine fish, through tissue bioaccumulation and oxidative
stress defenses observed in response to the contamination of the
river Doce (11).

The most recent disaster in Brazil is the Pantanal fire in
the States of Mato Grosso and Mato Grosso do Sul. In 2020,
it is estimated that the fire destroyed 28% of the Brazilian
Pantanal between January and October, as monitored by the
Environmental Satellite Applications Laboratory at the Federal
University of Rio de Janeiro (Laboratório de Aplicações de
Satélites Ambientais da Universidade Federal do Rio de Janeiro
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TABLE 2 | Main actions of rescue veterinary teams in cases of disasters.

Veterinary actions in animal rescues during disasters

Before rescue During rescue action After rescue

1) survey of previous

information of the

affected areas

(accesses, topography,

activities developed in

the place, type of

residences, and others)

1) rescue of survivors 1) clinical follow-up of

survivors

2) identification of the

main animal species in

the region

2) clinical and surgical

care

2) transfer rescued

animals to guardians or

adopters

3) elaboration of the

action plan

3) shelter installation 3) castration of the

animals that will be

sent for adoption

4) organization of

first-aid work material

(personal protective

equipment, medicines,

hospital supplies)

4) vaccination protocols

and application of

antiparasitic drugs

4) serological diagnosis

for epidemiological

investigation of

endemic diseases in

the affected region

5) water demand for

survivors

5) providing water and

food to survivors

5) Monitoring of

zoonoses

[LASA/UFRJ]). Burnt areas increased by more than 100%,
compared to the same period at the year previous to the disaster.
Fire affected almost all conservation units and indigenous lands
in the Pantanal region (12).

Disasters and Environmental, Human, and
Animal Health
Disasters result in direct short-, medium-, and long-term effects
as well as indirect effects on the health and well-being of
populations. Among these effects, the following stand out:
reduction of social welfare standards; deaths, traumas, and
injuries; damage to the basic service structure; compromise of
equipment and medicine stocks; proliferation of infectious and
vector-borne diseases; and psychosocial damages (8). The most
health-related problems involve the same complex, humans–
animals and the environment, so government decision-making
should be based on the pillars of the One Health concept, based
on the knowledge produced and interconnected by different
institutions, based on the problems found in society, acting from
an intersectoral and multiprofessional perspective (13).

The measures adopted in veterinary medicine during disasters
are based on the same pillars used for the human population;
however, it is necessary to adjust them to the specific needs of
different species (10). In Table 2 are presented the main actions
done by the rescue veterinary teams in case of disasters. Some
rescue situations are high-risk scenarios and difficult for rescuers
to access, as in the case of Brumadinho, which leads those
responsible for rescuing the animals to adopt extreme measures
but always backed by an ethical professional attitude (14).

The diagnosis of the situation of a specific affected area is
of paramount importance to identify the main basic needs of

the population in the region (15). Previous knowledge about the
region and the database of the municipalities are essential to
understand what activities are carried out there and the estimated
number of properties, residents, and animals in the region.
Sanitary and animal health data are important as a starting
point for the formulation of specific epidemiological indicators
(6, 10, 16).

Action of Veterinarians in Animal Rescues
During Disasters
In 2011, with the catastrophe caused by heavy rains and
landslides that had hit the mountainous region of the State of
Rio de Janeiro, Brazil, in the city of Nova Friburgo, the first team
of veterinary medical professionals, originating from the State
of Minas Gerais, started to voluntarily train themselves to act
in rescues of domestic animals in situations of environmental
disasters (9).

Over the years, these groups realized the need for training so
that their work has become increasingly technical and successful.
The collective veterinary medicine is of great importance in this
scenario and training, for having been a pioneer in addressing the
theme of mass disasters and its impact on the lives of animals in
Brazil. It is essential that professionals get deeper into collective
veterinary medicine to act during mass disasters, since the area
encompasses many aspects inherent to crisis scenarios, such as
animal welfare, zoonoses, animal behavior, adoption, bioethics,
human resourcemanagement, and even humanitarian education,
balancing in these interfaces the elements that constitute unique
health (9). In addition to these aspects, it is essential to train the
teams and provide technical and psychological support (10).

Since then, the need to formalize and structure veterinary
rescue groups arose. The Disaster Animal Rescue Group (Grupo
de Resgate de Animais em Desastres [GRAD]) was officially
created in 2019. Before the dam burst in Brumadinho, several
professionals and volunteers that operate in disasters were
included in the group. Important work fronts were developed and
technologized, such as contingency plans, autopsies, vaccination
and health of the team, and veterinarymedicine from catastrophe
animal shelters, in addition to the field rescue fronts. With the
constant performance of veterinary professionals in catastrophes
and with the insertion of a team in the Regional Council of
Veterinary Medicine of Minas Gerais, a new line of professional
activity originated, the veterinary medicine of disasters (17).

GRAD is a group constituting veterinarians and volunteers,
which is acknowledged nationally by the National Animal
Protection and Defense Forum (FNPDA), receiving support
from civil society and from the Federal Council of Veterinary
Medicine (CFMV), being nationally recognized for its experience
in response to fauna affected by disasters (17). The main disasters
where GRADmembers had participated are listed in Table 1.

In view of this scenario of the last decade, there is a clear
need to prepare veterinarians to work in this area, so that they
can be recognized, respected, and inserted in an official way
in disaster management operations, acting in parallel with the
actions developed for the rescue of human lives. It is essential
to recognize the role of animals in the family nucleus and
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human health and include them in disaster contingency plans,
with a view to preventing and reducing the health risks arising
from these disasters (18). Biosafety measures during disasters
should be part of the operation and management plan to prevent
anthropozoonoses, as they are essential for the well-being and
health of humans, animals, and the environment, ensuring One
Health (9).

National Mass Disaster Contingency Plan
Involving Animals
In mass disasters, it is essential that there is articulation
between several federal, state, and municipal institutions that can
contribute to situations involving animals, such as environment,
agriculture, public health, police, public ministry, civil defense,
firefighter, education, and civil society organizations. It is
essential that contacts and partnerships between institutions
and support bodies begin even before the occurrence of a
disaster, to harmonize contingency strategies and plans and
to promptly implement them, correctly and at the right time
(9). There is a need for information and surveillance systems
integrated between areas such as public health, civil defense, and
environmental defense to analyze the effects of disasters on the
health of populations (19).

In Brazil, the National Civil Protection and Defense Policy
(PNPDEC), established through Law 12608/2012, provides that
civil defense and protection actions are organized by prevention,
mitigation, preparation, response, and recovery actions. Thus,
for each of them, there are specific responsibilities, while they
are part of a systemic and continuous management. However,
this policy does not detail the actions related to animals as
among the main actions to assist victims of disasters; it mentions
only the management of domestic animals and the burial of
animals in appropriate places, according to zoonosis rules (1), not
considering the whole concept of One Heath.

The creation of action plans for animal rescue in
environmental disasters requires good strategic planning
and investment of resources, participation of public authorities,
qualified training of the professionals involved, and the
awareness of the population about basic preventive actions (20).
The groups and official bodies that deal with mass disasters in
Brazil, in general, do not have the participation of professionals
specialized in the care of animals. Thus, veterinary medical
professionals have been assuming this role on a voluntary basis
for some years (9).

In October 2020, the CFMV of Brazil approved the
National Mass Disaster Contingency Plan Involving Animals
to support the conduct of professionals working in the field
(21). The document provides guidelines for the performance
of professionals in scenarios of this nature, with guidelines on
how to conduct rescue, veterinary assistance, maintenance, and
disposal of domestic and wild animals. The plan is a milestone
and has become the reference for professionals working in all
states of the country (22).

The plan is the result of the CFMV’s Mass Disaster Involving
Animals Working Group, which was attended by members of
GRAD, to support actions in the response and prevention of

the next disasters, which generate impacts for society, with
implications for public health, the economy, and the emotions of
the affected population, especially of animals that are vulnerable,
be they companionship, production, or wild animals. According
to the CFMV, the construction of the plan was only possible
by observing and documenting the difficulties faced in national
disasters that have occurred since 2011, with the floods and
landslides of Nova Friburgo, in Rio de Janeiro; the ruptures
of dams in Mariana (2015) and Brumadinho (2019), in Minas
Gerais; and the fires in the Pantanal (2020) (23).

The National Contingency Plan for Mass Disasters Involving
Animals brings together the experience of professionals from
various segments of activity, considering the particularities of
the species and the potential disasters expected for Brazil. The
plan considered aspects of approaching the scenario and making
decisions involving the care and rescue of the various species;
their habits, food, accommodation, transportation, and health;
and all the spheres that need to be understood so that prevention,
response, and/or recovery are successful, ensuring the rescue of
animals and guaranteeing their well-being and quality of life, with
clear and concise guidelines. It is believed that the plan will be
an important marker of activities related to the theme in future
situations, which cannot be predicted, but for which one must be
prepared (9).

Technical preparation, hierarchy, and communication in the
context of a disaster are essential for the safety of professionals,
people, and animals, as well as for planning and decision
making. However, to make effective and assertive conducts
feasible in handling these situations, the accurate compilation
of information and data by the situation diagnosis team is
vital, helping to mobilize efforts and adequate resources for
the operation (17). Previous planning deserves emphasis and
gains great prominence for the positive execution of operations,
which is sometimes more important and effective than frontline
actions in the field. The alignment of disaster veterinary medicine
professionals with official municipal, state, and federal agencies is
essential for the success of rescue actions (24).

Technical rescue of animals in disaster scenarios involves
planning and, at the same time, requires speed. To facilitate
the conduct of professionals, the National Mass Disaster
Contingency Plan Involving Animals highlights eight steps
to be observed, aiming at the health and well-being of
animals and specifying plans to rescue and welcome oxen,
horses, pigs, rabbits, dogs, cats, birds, fish, and domestic
rodents. It involves everything from on-site assistance, with
water, food, medication, and animal preparation (some even
require sedation), to transportation and disembarkation at the
destination, in temporary shelters. In the operational part, in
addition to providing guidance on initial diagnosis, action
plans, composition, and team meetings, the plan also defines
priorities and strategies for assisting animals. The document
addresses cases subject to euthanasia provided for in legislation
and guides the conduct of crime scene investigations, which
includes collecting corpses and biological and chemical remains,
preserving the chain of custody, and maintaining the suitability
of the remains from their recognition and collection until its use
by the justice department as an evidence element (23).
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The plan also addresses aspects pertinent to legal veterinary
medicine, forensic necropsy, biosafety measures and personal
protective equipment, immunization of workers and volunteers,
health service waste management plan, and work zones. It
also deals with a hierarchical structure for organizing the
responsibilities of official bodies and their actions during
the response to a disaster. The plan also describes what
the documentation system for veterinary medical care should
be in the routine of temporary shelters for rescued animals
and indicates how to deal with the destination of domestic
animals for temporary home, adoption, or reintegration with the
guardian (22).

DISCUSSION

Like people, animals are also victims of disasters, and they need to
receive due attention, following ethical, legal, sanitary, social, and
environmental protocols. Over the course of one decade, rescue
efforts were improved, and rescue techniques and procedures
were developed for different animal species in different types of
catastrophe situations, as well as standard operating protocols,
first-aid protocols in the field, protocols for use of anesthetics
in the field, and vaccine and medication protocols for each type
of species affected, in addition to training teams to work on
different fronts.

The disaster veterinary medicine is an emerging area with a
strong humanitarian bias and requires social motivation because
there are several situations that professionals face in these
occurrences that require preparation and continuous training.
In addition, emotional intelligence is needed to face the realities
encountered in disaster situations, such as environmental
destruction, extreme contexts of crisis, dangerous situations,
and vulnerability involving the homeless, missing, and dead.
In times of disaster, the teams involved are faced with a
chaotic and complex environment, which requires coordinated
and integrated action by multiple agencies, aimed at mitigating
suffering and damage.

Another point to be highlighted is that after the occurrence
of a series of disasters and the work of voluntary rescue teams,
there has been a greater appreciation of the veterinary medicine
class by society and companies, especially companies that provide
services for the systemic monitoring of fauna in affected areas
and are thus considering hiring veterinarians to be integrated into
multidisciplinary teams.

The environmental disasters that occurred in Brazil showed
the importance of professionals that act in disasters. In contexts
such as large fires, landslides, floods, ruptures of tailings

dams, and natural disasters (such as tornadoes and storms),
veterinarians work mainly in the rescue and clinical and surgical
care of animals of different species of domestic and wild fauna.
However, these professionals can also form activities in the field
of food security for the affected population, in pest control, and,
in action planning, in integrated work of several teams involved
in the affected regions, which emphasizes the interdisciplinary
profile of the veterinary medicine in the concept of One Health.

The work of veterinarians in interaction with other
professionals in environmental disasters proved to be effective
and necessary for the rescue of animals, not only because they
are part of the affected families and because animals are sentient
beings but also because they are important characters in the
epidemiological scenario before, during, and after a disaster
has occurred. We consider that this information is essential to
influence scientific priorities in this approach and give support
nationally and internationally for public policies and decision-
making at local and global levels for disaster preparedness in
the future with a focus on the approach of EcoHealth and
Planetary Health.

With the content of the National Mass Disaster Contingency
Plan Involving Animals, in Brazil, it is expected that the
actions of rescuing animals in situations of mass disasters can
be officially recognized and incorporated into the activities
of the agencies and institutions responsible for responding to
crisis scenarios.
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INTRODUCTION

In the last decade, polymyxins have been reintroduced in the therapeutic arsenal to treat severe
infections by carbapenem-resistant Enterobacterales. At that time, reports of polymyxin resistance
were all due to chromosomal mutations (1). These mechanisms included (i) modifications of the
lipopolysaccharides (LPSs) moiety via the addition of cationic groups; (ii) mutations that lead
to the loss of the LPS; (iii) porin mutations and overexpression of efflux pump systems; (iv)
overproduction of capsular polysaccharide (CPS) in some Gram-negative bacteria (GNB) that
hide the polymyxin-binding sites and the release of CPS-trapping polymyxins; and (v) enzymatic
inactivation of polymyxins (2). Although some chromosomal resistance mechanisms have been
studied since the 1960’s, it was in the late 1990’s, after the reintroduction of polymyxins in the
therapeutic arsenal, that this problem became more important (3). In fact, this information is
supported by the first report of colistin resistance among Acinetobacter baumannii clinical isolates
from the Czech Republic in 1999 and Klebsiella pneumoniae from Athens in 2004 (4).

However, in 2015, the mcr-1 gene, associated with IncI2-type plasmid, was identified in
Escherichia coli resistant to colistin obtained from food animals and humans in China (1).
This finding promoted a great concern in the international scientific community since the last
therapeutic option to treat serious infections by multidrug-resistant GNB could be exhausted.With
the horizontal transfer, the rapid spread of themcr-1 gene would be inevitable.

The mcr-1 gene carried by different plasmid types has already been identified in all five
continents from different sources and hosts (1, 5). Surprisingly, Shen and colleagues, in a
retrospective study, characterized the early occurrence of the mcr-1 gene in chicken isolates from
1980’s (6).

So far, a total of 10 different variants (7) of themcr gene have been described mainly among the
Enterobacterales, but with themcr-1 gene remaining the most prevalent (1). To date, the sequences
of 30mcr-1mutations (mcr-1.2 tomcr-1.30) have already been deposited in the GenBank database,
differing from mcr-1 by one or few amino acids. Besides that, 10 mcr gene variants (mcr-1 to mcr-
10) were deposited, with amino acid identity ranging from 31 to 83% (8). These variants were
identified at the beginning in Enterobacterales isolates, including E. coli (mcr-1, mcr-2, and mcr-
3 genes), Salmonella enterica (mcr-4, mcr-5 and mcr-9 genes), K. pneumoniae (mcr-7 and mcr-8
genes), and Enterobacter roggenkampii (mcr-10 gene). The exception is due to mcr-6 gene that
was first identified in Moraxella spp. After that, some variants were identified in non-fermenter
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Gram-negative rods, asAcinetobacter spp. (mcr-1 andmcr-4) and
Pseudomonas spp. (mcr-1 only) (9, 10).

In general, the isolates carrying mcr genes were first isolated
from animals such as pigs (mcr-1,mcr-2,mcr-3,mcr-4,mcr-6, and
mcr-8 genes) and chickens (mcr-5 and mcr-7 genes), but mcr-9
and mcr-10 genes were identified, for the first time, from human
patients (8).

EPIDEMIOLOGY OF POLYMYXIN
RESISTANCE

The resistance to polymyxins was attributed mainly to
chromosomal mutations and is rare in human clinical isolates
(0.67–1.6%) (11). Nevertheless, this differs among bacteria
species, being higher in K. pneumoniae and A. baumannii
(20–80%) (4) in contrast to lower rates in E. coli (0.2–0.6%) (11).

The polymyxin resistance rate associated to plasmid, as mcr-
1, is also low in humans (∼1%) (4). On the other hand,
according to a large US surveillance study, the association
between mcr-1 and other antibiotic resistance genes, such as
extended-spectrum β-lactamase (ESBL) and carbapenemases,
may reach 32% of prevalence in K. pneumoniae (11). Regarding
the mortality associated with infections caused by colistin-
resistant isolates in humans, the rate is variable, and it is higher
in critically ill patients (30–37%) including those previously
exposed to colistin (4). The mortality rate may reach 100%
in patients with nosocomial infections caused by pan–drug-
resistant K. pneumoniae.

It is important to emphasize that the prevalence ofmcr-1 gene
is higher among production animals, mainly in pig and chicken
isolates (5). The data show colistin resistance rates of ∼70% in
E. coli isolates from China and ∼90% among Enterobacterales
in some European countries (8). So, these data corroborate with
the scientific evidence that the worldwide spread of the mcr-1
gene is mainly associated with the large amounts of colistin use
in production animals, and its emergence is a particular threat to
public health as colistin is considered the last-resort antimicrobial
for treatment of severe human infections, and its use in livestock
production contributes to emerging resistance globally (1).

mcr-1 IN LATIN AMERICA

In Latin America, a systematic review analysis showed that the
prevalence ofmcr-1 gene is higher in isolates from animals (8.7%)
than in food (5.4%) and humans (2.0%) (12). To the best of
our knowledge, the first reports of mcr-1 gene in Latin America
dated from July and October 2012 when this gene was identified
in E. coli isolates from two inpatients in different hospitals in
Argentina (Table 1) (13). Patients presented neurological disease
and diabetes, and the mcr-1–positive isolates were obtained
from blood and urine, respectively. In this study, the authors
evaluated the presence of the mcr-1 gene in 87 colistin-resistant
clinical human isolates from 2008 to 2016 (28 E. coli, 19
K. pneumoniae, 36 of other members of the Enterobacterales,
and 4 non-fermenter Gram-negative rods), and nine isolates
of E. coli were mcr-1 positive. These isolates were associated

with human infections, mainly in males, and the average age of
the patients was 68.5 years. All mcr-1–positive E. coli isolates
were genetically unrelated as determined by pulsed-field gel
electrophoresis, and the resistance mechanism was horizontally
transferable by conjugation (13). Still, in 2012, other studies
reported mcr-1 harboring E. coli recovered from Kelp Guls in
Argentina (14) and from swine in Brazil (Table 1) (15).

Since 2012, the mcr-1 gene has already been identified in
bacteria from humans, animals, animal food products, and
environmental sources in different countries in Latin America,
including Brazil (15), Bolivia (16), Colombia (17), Chile (18),
Uruguay (19), Paraguay (20), Peru (21), Mexico (22), Venezuela
(23), and Ecuador (24). Brazil is the country with the highest
number of mcr-1–positive bacteria reported in Latin America
mainly from bacterial isolates obtained from poultry rectal swabs
(15) (Table 1).

It is important to consider that Brazil is the fourth largest pork
producer and exporter and the largest chicken meat exporter in
the world, which could contribute to the high prevalence of the
mcr-1 gene in this country (25). As in other countries, the colistin
was extensively used in Brazil as a growth promoter for many
years. In 2016, the government published restrictions on the use
of colistin in animal production (1, 26), which came into force in
2018. However, the use of colistin to treat or prevent infections in
veterinarymedicine including animal productions is still allowed.

E. coli is the most common species harboring the mcr-
1 gene in Latin America countries. However, many other
Enterobacterales members such as K. pneumoniae, Salmonella
spp., Citrobacter spp., and Enterobacter spp. were also reported
as positive for themcr-1 gene (17, 27). In addition tomcr-1, other
variants of the gene were reported rarely in Latin America, such
asmcr-3,mcr-5,mcr-7, andmcr-9 (28–30).

GENETIC CONTEXT AND DISSEMINATION
OF mcr-1 GENE

E. coli isolates harboringmcr-1 gene belong to different sequence
types (STs) (31, 32) (Table 1), indicating that the dissemination
of the mcr-1 gene is associated with different clonal strains (1).
Loayza-Villa and colleagues investigated the relationship between
an E. coli carryingmcr-1 recovered from the gastrointestinal tract
of a boy and an mcr-1–positive E. coli from fecal samples and
rectal/cloacal swabs from his domestic animals. E. coli strains
from domestic animals and from the boy were different; however,
all plasmids harboring the mcr-1 gene shared 90% nucleotide
identity and a highly conserved backbone, supporting the idea
of horizontal dissemination of themcr-1 gene (32).

In Latin America, the E. coli belonging to CC10 clonal
complex, known as the largest human clonal complex, was the
most reported in previous studies, including the ST744 and ST10
(1, 17, 22, 33). E. coliCC10 strains are widely disseminated among
humans, animals, meat products, and environmental sources
(34, 35) and are designated asmultidrug-resistant strains carrying
frequently ESBL, among others (5, 31).

The mcr-1 gene is carried by a wide range of conjugative
and non-conjugative plasmid types, including IncX3, IncX4, an
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TABLE 1 | Summary of mainly studies reporting mcr-1 gene in Latin America.

Period of

the study

Country Source of Isolate Total Isolates

(mcr-carried)

Species Plasmid Type Sequence Type (ST) Genetic Context References

2000–2016 Brazil Fecal samples-chicken and

swine (Production Animals)

515 (16) E. coli – – – (15)

2002–2016 Colombia Urine vaginal secretion blood

stool tissue right toe leg

secretion abdomen abscess

(Human)

513 (12) E. coli

S. enterica Typhimurium

K. pneumoniae

IncP-1 IncFII IncHI1

IncH

E. coli (ST10, ST37, ST101,

ST744, ST1263, ST3056,

and ST6627)

S. Typhimurium (ST34)

K. pneumoniae (ST307)

ISApl1-mcr-1-pap2 (IncP-1)

mcr-1-pap2 (IncP-1)

(17)

2008–2016 Argentina Urine, blood, abdomen,

abscess, bone (Human)

87 (9) E. coli – – – (13)

2012 Argentina Fecal samples - Kelp gulls

penguin (Wild Animal)

50 (5) E. coli IncI2 ST101 and ST744 ISApl1-mcr-1 (14)

2012–2018 Argentina Urine, blood, other samples

(Human)

192 (192) E. coli IncHI2

IncX4

ST10, ST156, ST354,

ST8492, ST5208

– (37)

2013 Bolivia Potatoes (Food) 83 (1) C. braakii IncI2 – – (16)

2013 Argentina Fecal samples–Chicken

(Production Animals)

10 (10) E. coli IncI2 ST155 (CC10: ST10,

ST1141 and ST1286),

ST617, ST10, ST410,

ST1011, ST1408

ISApI1-mcr-1.5-pap2- ISApI1 (33)

2013–2014 Ecuador Feces–chicken (Production

Animals)

176 (6) E. coli – – – (24)

2013–2016 Brazil Meat Poultry (Food) 60 (2) Salmonella enterica serovar

Schwarzengrund

IncX4 ST96 parA and hypothetical protein

upstream mcr-1 and pap2

downstream

(44)

2013–2017 Chile Urine (Human) 13 (1) E. coli IncI2 ST4204 (CC10) mcr-1 was delimited upstream

by a gene that encodes a pap2

protein and downstream by a

relaxase-encoding gene (nikB)

(18)

2014 Argentina Clinical samples - dogs and

cats (Pets)

54 (1) E. coli IncI2 ST770 mcr-1 was delimited upstream

by nikB gene which encodes a

relaxase and pap2 downstream

(31)

2014–2017 Brazil Pork carcasses (Food) 490 (8) S. enterica serovar

Typhimurium

IncX4 ST19

ST4556

ST50

mcr-1 was delimited upstream

by IS26 and hypothetical protein

and pap2 downstream

(26)

2015 Venezuela Fecal samples (Human and

Animal)

93 (2) E. coli IncI2 ST452 and ST19 Absence of ISApl1 (23)

2015 Mexico Swine stool samples

(Production Animal)

1 (1) E. coli Incp0111 ST744 ISApl1 upstream mcr-1 gene (22)

(Continued)
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TABLE 1 | Continued

Period of

the study

Country Source of Isolate Total Isolates

(mcr-carried)

Species Plasmid Type Sequence Type (ST) Genetic Context References

2015–2016 Brazil Rectal swab and urine (Human) 140 (2) E. coli IncX4 ST206 and ST354 mcr-1 was delimited upstream

by IS26 and hypothetical protein

and pap2 downstream

(46)

2016 Brazil Seawater (Environment) 11 (3) E. coli IncX4 – – (36)

2016 Ecuador Fecal swabs and soil

fecal from chicken and two

dogs (Domestic Animals)

42 (3) E. coli IncI2 ST3941, ST1630, ST2170 mcr-1 was delimited upstream

by nikB gene and pap2

downstream

(32)

2016 Brazil Rectal swab (Human) 3 (3) E. coli and K. pneumoniae IncX4 E. coli ST744 and

K. pneumoniae ST101

– (38)

2016 Bolivia Fecal samples (Human) 337 (173)
E. coli,

C. europaeus,

E. hormaechei

IncI2 and IncHI1 (E.

coli); Citrobacter and

Enterobacter ( IncI2)

E. coli (ST48, ST744, ST10,

ST206, ST2705, ST2936,

ST1286, ST7,570, ST69,

ST10, ST117, ST711,

ST7571, ST3056)

mcr-1-pap (IncI2)

mcr-1.5-pap ISApl1 (IncHI1)

ISApl1-mcr-1-pap-

ISApl1 (IncHI1)

(27)

2016–2017 Paraguay Urine and feces (Human) 150 (7) K. pneumoniae, E. coli, and

S. Schwarzengrund

– – – (20)

2017 Brazil Water Sample from a

mangrove (Environment)

1 (1) E. coli IncX4 – – (39)

2017 Uruguay Blood, rectal swab, and urine

(Human)

3 (3) E. coli IncI2 e IncX4 ST10, ST93, and ST5442 – (19)

2017 Peru Urine (Human) 10 (7) E. coli – – – (21)

2019 Brazil Fecal sample and Water from

Zoo (Wild Animal and

Environment)

27 (5) – – – – (28)

2020 Brazil Blood, urine, and peritoneal

fluid (Human)

100 (2) E. coli and K. pneumoniae IncX4 ST471/ST410 (E. coli) and

ST15 (K. pneumoniae)

– (29)

–: No data.
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IncX3–X4 hybrid, IncH1, IncHI1, IncHI2, IncP, IncI2, IncF,
IncFII, an IncI2–IncFIB hybrid, and IncY (5). The mcr-1 gene
can also be integrated into the chromosome of some strains
(17). However, in Latin America, only four plasmids have been
described so far: IncX4 (36), IncP (22), IncI2 (31), and IncHI2
(37), of which the IncX4 plasmid is the most frequent in Brazil
(38, 39) (Table 1). There is a clear association between the
IncX4 plasmids and the insertion sequences associated with the
dissemination of themcr-1 gene (40).

Plasmid analysis has revealed that the insertion sequence
ISApl1 (which belongs to the IS30 family transposase), in a
composite transposon (ISApl1-mcr-1-ISApl1), is usually present
in IncHI2-type plasmids (size of 200 kb), being either present or
absent in IncI2-type plasmids (60 kb), and completely absent in
IncX4-type plasmids (30 kb) (Table 1).

The role of ISApl1 in the mobilization of the mcr-1 gene was
demonstrated in vitro by transposition. It was suggested that the
recombination events associated with mobilization of the mcr-
1 gene were initially mediated by two copies of ISApl1 from an
unknown progenitor to a plasmid and subsequently transferred
to Enterobacterales (41).

Besides that, according to Snesrud et al., the presence of a
single or two copies of ISApl1 indicates a recent acquisition of
the mcr-1 gene, whereas the absence of this insertion sequence
could be correlated with the adaptation of the mcr-1 gene to a
new host (41).

The regulation mechanism of mcr-1 gene expression is
complex and remains unknown. In general, the gene expression
is controlled by its promoter and the corresponding activators
and/or inhibitors. Zhang et al. suspect that genes encoding
activators and/or inhibitors in the host chromosome may affect
the expression of the mcr-1 gene found on plasmids IncX4
and other plasmids. They may vary expressively in unlike
genetic backgrounds of the different strains and/or mcr-1–
harboring plasmids, despite that their promoters are remarkably
similar (42).

Although the mobility and dissemination of the mcr-1 gene
are associated with ISApl1 and the pap2 gene in most plasmid
types (43), the genetic context of the IncX4 plasmid type, in Latin
America, is different. This context is characterized by lacking the
ISApl1, but it preserves the pap2 sequence and a hypothetical
protein (hp) around the mcr-1 gene (26, 44). What would be the
explanation for that?

Snesrud et al. analyzed the genetic environment of the
mcr-1 gene associated or not with ISApl1 and concluded that
the target site duplications generated by ISApl1 transposition

are present even in lack of the ISApl1. This result suggests
that the mechanism to mobilize the mcr-1 gene is the same
as that observed in other plasmids, and after that, the loss

of the insertion sequence by recombination events in IncX4
occurs (45).

Furthermore, the IS26 mobile element upstream to the mcr-

1 gene has been also associated with IncX4 plasmid types in
Brazil, but there are no other reports in Latin America (26, 46)
(Table 1). This Insertion Sequence (IS) plays an important role

in the dissemination and evolution of the antimicrobial resistance
genes on plasmids, including colistin resistance genes (1).

DISCUSSION

In veterinary medicine, colistin is mainly administrated in pigs
and poultry production, for prophylaxis or treatment. The spread
of colistin resistance may lead to treatment failure, as well
as increase the pathogen transmission reach with quality and
economic loss in production animals.

Strong scientific evidence indicates that the mcr-1 gene might
have originated from animals because (i) colistin has been
used extensively for decades in veterinary practices; (ii) mcr-1
gene was largely identified in several animals and animal food
products; (iii) the identification of themcr-1 gene in E. coli isolate
recovered before 1980 in China suggests that the emergence
of this gene may be linked to the use of colistin as a growth
promoter in the poultry industry; and (iv) genetic features
of mcr-1 gene associated with ISApl1 were first identified in
Actinobacillus pleuropneumoniae, a common animal pathogen
(43), which could be involved in recombination events leading
to the mobilization of themcr-1 cassette.

Finally, a recent study has demonstrated that when colistin
is banned from use in animal feed, there was a significant
decrease of themcr-1 gene prevalence in most sources, including
pig farms, food, and environment samples (47). Given that the
production animals can be a reservoir for mcr-1 gene and its
dissemination can occur by food and environment, all countries
should apply surveillance, monitoring, and restrictive measures
to polymyxins use. In Latin America, Brazil, and Argentina (1)
have already banned the use of colistin as a growth promoter, but
the impact of this measure has not been evaluated yet.

The problem of antimicrobial resistance is related to the
use and abuse of antibiotics in humans, animals, and the
environment. Besides that, themcr-1 gene is disseminatedmainly
by E. coli clones, with a high capacity to survive in different
ecological niches, some of them with pandemic and epidemic
potential. So, it seems clear that the One Health approach should
be adopted to integrate veterinary and human medicine to
address antimicrobial resistance.
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The extreme north of Chile presents a subtropical climate permissive of the establishment

of potential disease vectors. Anopheles (Ano.) pseudopunctipennis is distributed from

the south of the United States to the north of Argentina and Chile, and is one of the

main vectors of malaria in Latin America. Malaria was eradicated from Chile in 1945.

Nevertheless, the vector persists in river ravines of the Arica and Tarapacá regions.

The principal effect of climate change in the north of Chile is temperature increase.

Precipitation prediction is not accurate for this region because records were erratic

during the last century. The objective of this study was to estimate the current and the

projected distribution pattern of this species in Chile, given the potential impact due

to climate change. We compiled distributional data for An. (Ano.) pseudopunctipennis

and constructed species distribution models to predict the spatial distribution of this

species using the MaxEnt algorithm with current and RCP 4.5 and 8.5 scenarios,

using environmental and topographic layers. Our models estimated that the current

expected range of An. (Ano.) pseudopunctipennis extends continuously from Arica to

the north of Antofagasta region. Furthermore, the RCP 4.5 and 8.5 projected scenarios

suggested that the range of distribution of An. (Ano.) pseudopunctipennis may increase

in longitude, latitude, and altitude limits, enhancing the local extension area by 38

and 101%, respectively, and local presence probability (>0.7), from the northern limit

in Arica y Parinacota region (18◦S) to the northern Antofagasta region (23◦S). This

study contributes to geographic and ecologic knowledge about this species in Chile,

as it represents the first local study of An. (Ano.) pseudopunctipennis. The information

generated in this study can be used to inform decision making regarding vector control

and surveillance programs of Latin America. These kinds of studies are very relevant to

generate human, animal, and environmental health knowledge contributing to the “One

Health” concept.
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INTRODUCTION

The extreme north of Chile presents a subtropical climate,

permissive of the establishment of several mosquito species.
Some of these species are vectors of different pathogens
affecting humans, like Aedes (Ste.) aegypti, Anopheles (Ano.)
pseudopunctipennis, and Culex (Cux.) quinquefasciatus. An.
(Ano.) pseudopunctipennis Theobald is distributed from the
south of the United States (40◦N) to the north of Argentina
(30◦S) and Chile along the Andes, and it extends to Venezuela
and the Lesser Antilles (1, 2). It is found at altitudes from
sea level up to 3,200m. Females oviposit in river pools in
mountain areas, and larvae are tolerant to wide temperature
ranges and droughts because rainfall may destroy their breeding
sites. Nevertheless, natural pools, rice plantations, and wetlands
can also support An. (Ano.) pseudopunctipennis, when located
in proximity to human populations (1–4). Forty-one species
of Anopheles have been described as vectors of malaria (5),
and An. (Ano.) pseudopunctipennis is an important vector of
malaria in different countries of South America [5; (4)]. Malaria
was endemic in northern Chile until 1945, the year in which
the last autochthonous case of malaria was reported. However,
the vector is still present, confined to natural breeding sites
in riversides in Lluta Valley, Quebrada Vítor, Camarones, and
Tarapacá Valley ravines in rural areas of the north of Chile
[unpublished data, Laboratorio de Referencia de Entomología
ISP; (6)]. Although there is no local transmission of malaria in
Chile, there are, on average, 12 imported registered cases per
year in the last two decades (7–9). Furthermore, there are several
recent records ofAn. (Ano.) pseudopunctipennis near urban areas
in Arica (18◦48′33′′S latitude, 70◦33′33′′O longitude) and Matilla
(20◦51′42′′S latitude, 69◦36′14′′O longitude) [unpublished data,
Unidad de Emergencias y Desastres, SEREMI de Arica y
Parinacota; unpublished data, Laboratorio de Referencia de
Entomología ISP; (10)]. These factors support the risk of malaria
reintroduction, particularly given that the north of Chile is
considered an area of immigration from the malaria endemic
countries of Perú and Bolivia (11).

The north of Chile is one of the most arid regions in the
world, and it is characterized as being exposed to intense solar
radiation and comprised of territories at different altitudes (12).
There is no consensus about climate change predictions in
the north of Chile, especially regarding precipitation because
record keeping has been erratic over the last century (12).
Nevertheless, temperature is expected to increase by 1◦C on the
coast and by 4◦C in the Andes mountains in the “Norte Grande”
region (13). However, precipitation may decrease slightly in the
north of Chile, especially in the Andean plateau (12, 14, 15),
even though rainfall could increase in the Andean foothills
(12). Temperature and precipitation changes and topographic
characteristics of the terrain may impact the potential range
of An. (Ano.) pseudopunctipennis, as demonstrated for other
anopheline species (16–18). Important knowledge gaps remain
regarding the potential effects of climate and climate change
on the emergence of several vector-borne diseases in the world.
Here, we provide detailed local maps of the current expected
geographical range of An. (Ano.) pseudopunctipennis in Chile
and examine possible changes in the potential distribution of

this species under future climatic conditions, based on outputs of
10 global climatic models and two representative concentration
pathways (RCP 4.5 and 8.5).

MATERIALS AND METHODS

Data Collection and Study Area
The study area was established from the extreme north of
Chile (18◦S) to the Metropolitan region (34◦S) (Figure 1),
according to the “Programa de vigilancia vectorial de culícidos
del Ministerio de Salud de Chile.” Occurrence data for An.
(Ano.) pseudopunctipennis from 2009 until January 2020 were
obtained from the “Programa de vigilancia vectorial de culícidos
del Ministerio de Salud de Chile” “Laboratorio de Referencia
de Entomología del Instituto de Salud Pública de Chile”
and Cancino (10). We included all records with geographic
coordinates, and filtered data to eliminate duplicate records and
those with < 1 km of distance between them (19). A total of 50
records were compiled: 22 from Arica y Parinacota region and 38
from Tarapacá region (Figure 2).

Climatic Data, Layers, and Projected
Models
Data from WorldClim (20) were used to characterize current
local climates, using “raster” package in R software, including
15 bioclimatic variables. Bioclimatic variables 8–9 and 18–
19 were omitted from the analysis because their validity
is questioned (21–23). A layer representing river proximity
[given that An. (Ano.) pseudopunctipennis breeding sites are
close to streams] and five topographic layers (altitude, slope,
exposition, orientation, and flow direction), obtained from
“Digital Elevation Model” (DEM) using the “elevatr” package
in R software, were included to estimate the “topographic
roughness index” (TRI), “topographic position index” (TPI),
and “topographic wetness index” (TWI). However, we had to
eliminate the Loa river from this variable because its water is
brackish (24). We included another layer (human footprint)
(25) because this species is a malaria vector. All variables
were discharged to 1 km2 resolution (30 s). For the projected
models, we used two different climate change scenarios: RCP
4.5 and RCP 8.5. These were based on 10 global climate
models covering the period from 2061 to 2080 from: ACCESS1-
0 (AC) (Australian Community Climate and Earth-System
Simulator), BCC-CSM1-1 (BC) (Beijing Climate Center and
China Meteorological Administration), CCSM4 (CC) (National
Center for Atmospheric Research), CNRM-CMIP5 (CN) (Centre
National de Recherches Météorologiques and Centre Européen
de Recherche et Formation Avancée en Calcul Scientifique),
GFDL-CM3 (GF) (Geophysical Fluid Dynamics Laboratory),
HadGEM2-ES (HE) (National Institute of Meteorological
Research/Korea Meteorological Administration), INMCM4 (IN)
(Institute of Numerical Mathematics Climate Model), IPSL-
CMSA-LR (IP) (Institut Pierre-Simon Laplace), MIROC5 (MC)
(Atmosphere and Ocean Research Institute, National Institute
for Environmental Studies and Japan Agency for Marine-Earth
Science, and Technology), and NorESM1-M (NO) (Norwegian
Climate Centre) to 2061–2080 period of global climate models.
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FIGURE 1 | Study area spanning from the Arica region in the north to the Metropolitan region in the south, Chile.

Species Distribution Modeling
We applied a correlation analysis and selected variables based
on the variance inflation factor (VIF < 10) to avoid an over-
adjustment in the models (17). We made a current species
distribution model using the MaxEnt algorithm (Maxent v.3.4.1)
(20) with 50 replicates (26) and 3,600 pseudoabsences (27). We
selected the minimum number of variables, based on Jackknife
test, response curve of each variable graphic and “area under
the curve” value (AUC > 0.9) (18, 26, 28–30). Then, we
conducted a logistic regression to explain the relation of each
one of the variables with An. (Ano.) pseudopunctipennis presence
probability (31).

Evaluation of Species Distribution Models
We selected metrics parameters [regularization multiple (RM)
and function type: linear, product, quadratic, hinge, and
threshold] based on the lowest “Akaike Information Criterion
corrected” value (AICc) (28, 32–34) of ENMeval evaluation (35)
in R software (36). We applied metrics parameters selected in
the MaxEnt algorithm for current and projected conditions. We
chose the best model based on the prevalence approach, average
probability/suitability, sensitivity-specificity sum maximization

approach, the sensitivity-specificity equality approach, and AUC
value (26, 37).

Presence Probability Extension Area
Calculation
We calculated the current and projected presence probability
extension area based on the “maximum training sensitivity plus
specificity logistic threshold.”

RESULTS

According to the ENMeval evaluation, the metrics parameters
selected to apply to the Maxent approach were RM = 1.5 and
linear, quadratic, and product functions.

Furthermore, we chose the GF model as the best model
due to prevalence approach, average probability/suitability,
sensitivity-specificity sum maximization approach,
sensitivity-specificity equality approach, and AUC
value (Table 1).

According to the Jackknife test, the best predictor variable
for the distribution of An. (Ano.) pseudopunctipennis in
Chile was “precipitation during the wettest month” (BIO13),
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FIGURE 2 | Occurrence records of Anopheles (Ano.) pseudopuntipennis in Chile.

second was “topographic position index” (TPI), third was
“river proximity,” and fourth was “annual mean temperature”
(BIO1) (Figure 3).

Logistic regression results indicated that “BIO1” and “BIO13”
were positively related to the model, while “TPI” and “river
proximity” were negatively related to it. Nevertheless, “BIO13”
was not significant to the model (p= 0.752) (Table 2).

All models demonstrated to have an AUC value up to 0.9,
proving they have an excellent predictive performance. The
current potential distribution of An. (Ano.) pseudopunctipennis
in Chile (Figure 4A) showed there is a high probability of
presence (orange and red areas) in several river ravines of
Arica y Parinacota and Tarapacá regions, between 18◦21′S and
19◦37′S latitudes. This result validated the model because high
presence probability areas matched with the records used for the
analysis. Also, medium presence probability (green and yellow
areas) extended from the north of Arica y Parinacota region
(18◦21′S latitude) to the north of Antofagasta region (22◦28′S
latitude). Low presence probability (blue area) extended from
the north of Antofagasta region (21◦53′S latitude) to the center

of the same region (24◦40′S latitude). In the future scenarios
(Figures 4B,C), the areas of high An. (Ano.) pseudopunctipennis
presence probability (orange and red areas) overlapped with the
medium presence probability area in the current model, thus
extending the zone of high presence probability from the north
of Arica y Parinacota region to the north of Antofagasta region.
There was a low presence probability (blue area) in “Salar de
Atacama” (23◦30′S latitude, 68◦15′O longitude) in the current
(Figure 4A) and RCP 4.5 scenario (Figure 4B), but this area
increased its presence probability to medium (green area) in
the RCP 8.5 scenario (Figure 4C). Furthermore, there is a low
presence probability (blue and light blue areas) in the river ravine
situated at the border of the Antofagasta region and Atacama

region (between 25◦23′S and 26◦40
′
S latitudes) (Figures 4B,C).

Comparing the presence probability extension areas in the three
scenarios (current, RCP 4.5, and RCP 8.5), it increased to 38%
(from 39.353 to 54.378 km2) in the RCP 4.5 scenario, and it
increased to 101% (from 39.353 to 79.299 km2) in the RCP
8.5 model, according to the “maximum training sensitivity plus
specificity logistic threshold” (0.2652).
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TABLE 1 | Evaluation results to select the best model to project.

RCP Model Sensitivity =

specificity

Sensitivity-specificity

sum maximization

Predicted prevalence =

observed prevalence

Predicted Average

probability

AUC

4.5 AC 0.435 0.415 0.71 0.0228 0.023 0.9962

4.5 BC 0.385 0.365 0.67 0.0201 0.0202 0.9958

4.5 CC 0.4 0.39 0.66 0.0209 0.0215 0.996

4.5 CN 0.38 0.355 0.7 0.022 0.0211 0.9953

4.5 GF 0.49 0.465 0.79 0.0256 0.0251 0.9946

4.5 HE 0.475 0.46 0.73 0.0236 0.0234 0.9961

4.5 IN 0.375 0.345 0.69 0.0214 0.0208 0.9957

4.5 IP 0.455 0.44 0.74 0.0236 0.0239 0.996

4.5 MC 0.44 0.43 0.72 0.0228 0.0221 0.9962

4.5 NO 0.43 0.43 0.72 0.0228 0.0223 0.9958

8.5 AC 0.49 0.48 0.75 0.0245 0.026 0.996

8.5 BC 0.49 0.48 0.76 0.0245 0.0251 0.9956

8.5 CC 0.475 0.46 0.73 0.0237 0.0247 0.9961

8.5 CN 0.495 0.48 0.76 0.0245 0.0243 0.9958

8.5 GF 0.69 0.68 0.86 0.0294 0.0355 0.9959

8.5 HE 0.575 0.555 0.79 0.027 0.0282 0.9965

8.5 IN 0.485 0.47 0.75 0.0247 0.0247 0.9958

8.5 IP 0.55 0.54 0.83 0.0275 0.0295 0.9957

8.5 MC 0.51 0.485 0.77 0.0264 0.0254 0.9956

8.5 NO 0.49 0.48 0.74 0.0245 0.0235 0.9955

FIGURE 3 | Jackknife test model with variables BIO1, Bio13, river proximity, and topographic position index (TPI).

TABLE 2 | Regression logistic results using variables BIO 1, BiO 13, TPI, and river

proximity.

Variable ß coefficient Standard error p-value

BIO1 0.001898 0.000344 <0.01

BIO13 0.00001278 0.00004038 0.752

TPI −0.0003896 0.00005867 <0.01

River proximity −0.000000084298 0.000000007712 <0.01

DISCUSSION

This study assembled a local data set summarizing occurrences
of An. (Ano.) pseudopunctipennis and provided detailed maps
of its potential geographic distribution under current and

future climatic conditions. The latter objective is important in
anticipating any possible future distributional changes of An.
(Ano.) pseudopunctipennis and the potential risk to human health
posed by the reintroduction and transmission of malaria in
northern Chile.

Under both climatic change scenarios, it was probable that
conditions would permit an expansion of the geographic range
of Anopheles species in several world regions (38). According to
the An. (Ano.) pseudopunctipennis distribution model in Chile,
its presence probability would increase in its geographic extent
under both scenarios (by 38% in RCP 4.5 and by 101% in RCP
8.5). These results fitted with the expected projection for the
geographic range of An. (Ano.) pseudopunctipennis given insect
adaptation to climate change effects (39–41).

In the three scenarios analyzed (the current scenario,
RCP 4.5, and RCP 8.5), we observed an area of medium
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FIGURE 4 | An. (Ano.) pseudopunctipennis potential distribution model in Chile under current (A), RCP 4.5 (B), and RCP 8.5 (C) scenarios. Model GF.

presence probability for the current model (Figure 4A) and
of high presence probability in the RCP 4.5 and RCP 8.5
models (Figures 4B,C), extending from the north of the
Arica y Parinacota region (18◦21′S latitude) to the north of
the Antofagasta region (21◦53′S latitude), along the Andes
mountains. This area shares similar topology, bioclimatic, and
vegetational characteristics, typical of the desert (42).

“TPI” and “river proximity” were the topographic layers
most relevant in the model. Both variables were negatively
related to the model, meaning there was a higher An. (Ano.)
pseudopunctipennis presence probability in areas capable of
retaining the water from river flooding. This reflects the
preference of this species to lay eggs in fresh water pools formed
near riverbanks (4).

The projections for the north of Chile should be interpreted
with caution due to inconsistent record keeping regarding
precipitation during the last century. In addition, northern
Chile precipitation records are lower than what is typical in
tropical areas, probably causing errors in statistical models
(12). Nevertheless, precipitation level is a relevant variable to
predict the presence of this species because it is important
for the aquatic development of immature mosquito stages,
especially in arid regions like northern Chile. Furthermore,
higher precipitation is associated with an increased reproductive

rate and distribution expansion in insects (39–41). The An.
(Ano.) pseudopunctipennis population in Chile is already
known to increase after summer rainfall due to a plateau-
style winter (“Invierno altiplánico”). It is not possible to
predict how this climate phenomenon will behave under
climate change scenarios because it depends on the “South
Pacific Anticyclone” (42). However, an intensification of this
type of phenomenon has been observed in association with
the effects of climate change in recent years (43). Thus,
there is a possibility that summer rains will increase in the
RCP 4.5 and 8.5 scenarios, affecting positively the presence
probability of An. (Ano.) pseudopunctipennis. Nevertheless,
precipitation layers are controversial for this vector distribution
model because intense rains are also responsible for the
destruction of its breeding sites. Although “precipitation in
the wettest month” (BIO13) was the most relevant variable
according to the Jackknife test, logistic regression showed
that “BIO13” was not significant for the model (p = 0.752),
perhaps because of its controversial contribution to An. (Ano.)
pseudopunctipennis presence.

“Annual mean temperature” (BIO1) increases also had an
impact in the distribution of this vector. Higher temperatures
decrease the duration of the development cycle and increase
fecundity, survival rates, population density, and dispersion
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capacity in insects (39–41). Therefore, increases in projected
temperatures under both climate change scenarios would be
expected to enhance the geographic extent of the presence
probability area.

“Human footprint” was not a predictive variable for the model
because this vector is distributed in rural areas, removed from
human population centers in northern Chile (6), and feeding
primarily on local animal hosts (44, 45).

Under both projected scenarios, there was a low (Figure 4B)
to medium (Figure 4C) presence probability of this species in
the “Salar de Atacama.” As in the case of the Loa river, the
salinity of the water in the “Salar de Atacama” would not permit
the development of An. (Ano.) pseudopunctipennis immature
stages (24).

Under all three scenarios, there was a low presence probability
of this vector around the border of the Antofagasta and Atacama
regions (between 25◦23′S and 26◦40′S latitudes). Although
topographic and bioclimatic characteristics are likely similar to
the areas where An. (Ano.) pseudopunctipennis is present, it
would be unusual to find this species in this region because it
is completely isolated from the areas with known presence of
this vector.

Nevertheless, several An. (Ano.) pseudopunctipennis
specimens have been collected in Arica city and the nearby
Matilla village (Tarapacá region) in the last 3 years [unpublished
data, Laboratorio de Referencia de Entomología ISP; (10)].
Perhaps this species is re-infesting areas where it was historically
found, or perhaps it is adapting to new climatic conditions,
like temperature increment and intense precipitations events.
This situation poses a risk of re-introducing autochthonous
malaria transmission to Chile, especially because northern
Chile is a transit and immigration zone for people coming from
malaria-endemic countries, like Perú and Bolivia (11).

In conclusion, these analyses provide guidance regarding
areas that are potentially vulnerable to the reintroduction of
autochthonous malaria transmission in Chile and will help to
optimize the response to any eventual outbreaks of the disease.
Species distribution models are very relevant to generate human,
animal, and environmental health knowledge contributing to the
“One Health” concept.
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Working the One health strategy in developing countries is a challenge, due to structural

weaknesses or deprivation of financial, human, and material resources. Brazil has

policies and programs that would allow continuous and systematic monitoring of human,

animal, and environmental health, recommending strategies for control and prevention.

For animals, there are components of the Epidemiological Surveillance of zoonosis

and Animal Health Programs. To guarantee food safety, there are Health Surveillance

services and support of the Agropecuary Defense in the inspection of these products,

productive environments, and their inputs. Environmental Surveillance Services monitor

water and air quality, which may influence health. For human health, these and other

services related to Health Surveillance, such as Worker Health and Epidemiological

Surveillance, which has a training program responsible for forming professionals groups

to respond effectively to emergencies in public health are available. Therefore, Brazil

has instruments that may allow integrated planning and intervention based on the

One Health initiative. However, the consolidation of this faces several challenges, such

as insufficient resources, professional alienation, and lack of the recognition of the

importance of animal and environmental health for the maintenance of human and

planetary well-being. This culminates in disarticulation, lack of communication, and

integration between organizations. Thus, efforts to share attributions and responsibilities

must be consolidated, overcoming the verticality of the actions, promoting efficiency and

effectiveness. Finally, this perspective aims to describe the government instruments that

constitute potential national efforts and the challenges for the consolidation of the One

Health initiative in Brazil.

Keywords: Health Surveillance, agricultural defense, animal health, animal-human bond, zoonosis

INTRODUCTION

One Health is an integrative and cooperative health initiative, with a transdisciplinary approach to
health promotion and surveillance at the local, regional, national or global level, aiming to achieve
optimal health conditions, given the recognition of the interconnection and interdependence
between human, animals, and the environment (1, 2).

55

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.644748
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.644748&domain=pdf&date_stamp=2021-06-04
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:isisdefreitasespeschit@gmail.com
https://doi.org/10.3389/fpubh.2021.644748
https://www.frontiersin.org/articles/10.3389/fpubh.2021.644748/full


Espeschit et al. Brasil’s One Health: The disarticulation

Historically, the perspective that environmental health affects
humans has existed since the classical era. Hippocrates stated that
biological and environmental conditions affect human health (3).
Afterward, Aristotle and Galen sought to elucidate similarities
between human and animal vital systems, allowing the creation
of Comparative Medicine (4, 5).

In the 19th century, pathologist Robert Virchow coined the
term “zoonosis,” to name diseases transmitted from animals to
humans, based on his observations with helminths, believing that
there is no separation between animal and human health (5, 6).

Despite the recognition of this relationship, it was only 1970s
that the epidemiologist Calvin Schwabe introduced the “One
Medicine” theory, to name, in a holistic way, the connection
between animals and humans in nutrition, habitat, and health,
stating that both human and veterinary medicine have the same
scope in physiology, anatomy, and pathology (7, 8).

The United Nations (UN), World Health Organization
(WHO), Food and Agriculture Organization of the United
Nations (FAO), and the World Organization for Animal Health
(OIE) have recently established a cooperation to promote the
perspective of One Health, encouraging the implementation of
government policies and programs guided by it (9–11).

To this end, the Global Health Security Agenda (GHSA) was
signed in 2014 with more than 64 nations and international
non-governmental organizations supporting the collaborative
approach. This will accelerate the consolidation and compliance
of the requirements from the OIE Terrestrial and Aquatic Animal
Health Codes, the WHO International Health Regulations
(IHR), and other global health regulations for planetary
health (8, 12, 13).

Despite the increase in rhetoric and support for the One
Health model, it is difficult to find authentic examples of
multidisciplinary or multi-sectoral efforts that transcend
traditional public, animal, and environmental health
“silos” (13, 14).

The ability to face threats to public and animal health
effectively and efficiently requires effort and proper planning.
A prerequisite for this is the training and capacitation of
the public and private health sectors. However, this, within
the One Health strategy, remains a challenge, especially for
developing countries. This stems from competing priorities,
insufficient and fragmented funding, with a lack of integration
and communication between sectors (14, 15).

Some positive international experiences in this path have been
reported, such as the One Health Workforce (OHW) project
by the United States Agency for International Development
(USAID). This aims to build partnerships with institutions
and leaders in Africa and Southeast Asia to assist in the
identification of technical, collaborative, and organizational
characteristics, important for the development of the workforce
in alignment with the goals established in the GHSA and by
the Joint External Evaluation– International Health Regulations
(JEE – IHR) (16, 17).

In Latin America, the incorporation of the One Health
strategy into government plans is timid and the integration
of animal, environmental and human programs and sectors is
insignificant (9–11).

In Brazil, the One Health concept itself requires recognition
by health professionals and is not acknowledged by important
entities such as the Federal Council of Medicine. As an effect,
the power of interventions and control strategies over the
environmental causes of diseases is limited, and these activities
are often restricted to veterinary professionals. On the other
hand, public policies for Health Surveillance (HS) have allowed
the gradual insertion of One Health supportive efforts in
health practices, however with little integration between their
organizations (9–11, 17, 18).

An adequate surveillance system, with a strong laboratory
network, is the key component of any disease prevention
and control strategy. To develop an effective One Health
implementation plan, it is necessary to reexamine how the
existing systems are structured, resourced, and managed. These
analyzes would contribute to the development and sustainability
of the synergy between human, animal, and environmental health
initiatives (12–14, 19).

Thus, this perspective article aims to present the potential,
successes and challenges of government health strategies,
programs and policies in Brazil, from One Health point of view.
The present discussion is based on the analysis of the official
documents, legislation and health informational systems.

THE POTENTIAL GOVERNMENT
INSTRUMENTS FOR THE CONSOLIDATION
OF ONE HEALTH IN BRAZIL

One of the most important aspects of pathogen control
at the human, animal, and environmental interface is the
development of appropriate scientific-based Surveillance
and Risk Management policies that respect transboundary
regulations (12, 14, 19).

In Brazil, there is a complex system for monitoring human,
animal, and environmental health conditions, based on
the Health Surveillance System (HSS) and in the use of
epidemiology as a planning tool. This system is supported
by organizations such as the Ministério da Agricultura
Pecuária e Abastecimento- MAPA (Ministry of Agriculture,
Livestock and Supply) and the Sistema Único de Saúde- SUS
(Unified Health System) and its respective policies, programs,
regulations, and health information systems as summarized
in Tables 1, 2 and described in detail in the following
text (46–49).

Brazil’s health system emerged due to an organizational
restructuring and popular social movements. With the
implementation of this universal and integral system, normative
actions created for stimulation of the HSS, brought with it the
redefinition of health practices, allowing their greater integration
with epidemiology. This surveillance system is based on four
main pillars, focused mainly on conditions that affect human
health, namely: Epidemiological, Sanitary, Environmental and
Occupational Health Surveillance Systems (12–15, 50).

The National Environmental Health Surveillance
System performs continuous and systematic monitoring of
environmental conditions that may interfere with human
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TABLE 1 | Organizational components of Health Surveillance System (HSS) programs and policies regarding the human, animal, and environmental health.

Acronym Program Regulations

HUMAN AND ANIMAL HEALTH SURVEILLANCE

ESS Epidemiological Surveillance System

Zoonosis Epidemiological Surveillance System

Ordinance No. 2,254, OF AUGUST 5, 2010

Institutes Epidemiological Surveillance in Hospital Settings defines the

competencies for the Union, the States, the Federal District, the

Municipalities, the criteria for the qualification of the national reference

hospital units and defines the scope of the activities to be developed

by the Hospital Centers of Epidemiology (20).

LAW No. 6,259, OF OCTOBER 30, 1975.

Provides for the organization of Epidemiological Surveillance actions,

the National Immunization Program establishes rules regarding the

compulsory notification of diseases and provides other measures (21).

NATIONAL COUNCIL OF HEALTH SECRETARIES-TECHNICAL

NOTIFICATION, 02 / 2014- 2 definition of health actions and services

aimed at surveillance, prevention, and control of zoonosis and

accidents caused by venomous and poisonous animals, of relevance

to public health (22).

EpiSUS Training program in Applied Epidemiology to the

Services of the Unified Health System

MINISTRY OF HEALTH - Ordinance No. 1,430, OF JUNE 11, 2018-

Amends Consolidation Ordinance No. 5, of September 28, 2017, to

institute the Training Program in Epidemiology Applied to the Services

of the Unified Health System - EpiSUS Program (23).

OHS Occupational Health Surveillance MINISTRY OF HEALTH - Ordinance No. 1,823, OF AUGUST 23,

2012-Institutes the National Policy for Workers’ Health (24).

MINISTRY OF HEALTH. Ordinance No. 1339. 1999 November 18. To

institute the List of Work-related Diseases, to be adopted as a

reference for injuries originated in the work process in the Unified

Health System, for clinical and epidemiological use, contained in Annex

I of this Ordinance (25).

ENVIRONMENTAL HEALTH SURVEILLANCE

VIGIÁGUA Water Quality Monitoring Program Ordinance No. 2,914 of December 12, 2011, provides for the control

and surveillance procedures of the quality of water for human

consumption and its drinking water standard.

VIGIPEQ Health Surveillance of Populations Exposed to

Chemical Contaminants

Ministry of Health of Brazil. National health surveillance program for

populations exposed to contaminated soil. 2007. Brasília (26).

VIGISOLO Health Surveillance of Populations Exposed to

Contaminated Soil

Normative Instruction MS No. I of March 7, 2005 - Regulates

Ordinance No. 1,172 / 2004 / GM, concerning the competencies of the

Union, states, municipalities, and the Federal District in the area of

environmental health surveillance (27).

VIGIDESASTRES Environmental Health Surveillance related to Natural

Disasters

NATIONAL HEALTH FOUNDATION. Guide to environmental health

surveillance / National Health Foundation. 2002. Brasília (28).

VIGIAR Air Quality Monitoring Program

These components are part and subject to the national Unified Health System (SUS- Sistema Único de Saúde).

and animal health such as water, soil, air, biological factors
and vectors, environmental disasters, and accidents with
contaminants. The operational instruments to make this viable
are VIGIÁGUA (evaluates the quality of water for human
consumption), VIGIPEQ (acts on environmental contaminating
chemicals), VIGISOLO (acts on the quality of soil and cultivation
activities), VIGIAR (evaluates air quality), and VIGIDESASTRES
(surveillance and management of environmental disasters)
(26–28, 46–48).

The Epidemiological (ES) component of the Surveillance
System is responsible for systematic monitoring of adverse
health events, and control measures proposition, consolidated by
the National ES System and its sub-areas, allowing significant

advances in the capacity to respond to health problems. ES
monitors communicable and non-communicable diseases and
other health problems, such as accidents, violence, and a
strategic area, that performs Zoonosis Surveillance, recognizing
the importance of the animal-human bond. The latter is
responsible for monitoring the progress of animal diseases
and accidents with venomous animals. The recognition of the
importance of zoonotic diseases by the health system is extremely
relevant; both for management and for the health care itself,
since, on average 60–80% of human diseases are of animal
origin (20–25, 49, 51–53).

In the context of ES, Brazil also has a Training program
in Applied Epidemiology to the Services of the Unified Health
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TABLE 2 | Organizational components of Health Surveillance System (HSS) programs and policies regarding the human, animal, and environmental health in Brazil.

Acronym Program Regulations

MAPA- MINISTÉRIO DA AGRICULTURA, PECUÁRIA E ABASTECIMENTO (MINISTRY OF AGRICULTURE, LIVESTOCK AND SUPPLY)

VIGIAGRO Agropecuary Surveillance/defense Law 8,171, of January 17, 1991 - Provides for agricultural policy (29).

Decree n◦ 30.691, of March 29, 1952 -Institutes the Regulation of

Industrial and Sanitary Inspection of Products of Animal Origin and

obliges MAPA to inspect animals and derived products in the sea and

river ports and border posts. Institutes the Inspection Regulation

Industrial and Sanitary Products of Animal Origin and obliges MAPA to

inspect animals and derived products in sea and river ports and border

posts (30).

Law No. 6,198, of December 26, 1974 - Forces MAPA to inspect

products for animal feed in ports and border posts. Forces MAPA to

inspect products for animal feed in ports and border posts (31).

Law No. 7,802, of July 11, 1989 - Forces the Federal Government to

inspect the import of pesticides (32).

Law No. 7,678, of November 8, 1988 - Provides for the production,

circulation, and commercialization of wine and grape and wine

derivatives, and makes other provisions (33).

Law No. 8,918, of July 14, 1994 - Provides for the standardization,

classification, registration, inspection, production, and inspection of

beverages, authorizes the creation of the Intersectorial Beverage

Commission, and makes other provisions (34).

Decree No. 24,114 of April 12, 1934. - Organizes the Unified System of

Attention to Agricultural Health and makes other provisions (35).

Normative Instruction No. 51, of November 7, 2011 (36).

Normative Instruction No. 91, of September 18, 2020 - Provides for the

Use of the LPCO Module in Import Operations for Products of

Agricultural Interest (37).

Annex IN 51/2011 - NCM list of products that will meet the regulatory

criteria and procedures for inspection, inspection, quality control, and

risk analysis systems, established by the Ministry of Agriculture,

Livestock and Supply (MAPA) (36).

AHP Animal Health Programs, namely:

National Equine Health Program

National Poultry Health Program

MAPA - Normative Instruction No. 6, of January 16, 2018, institutes the

National Equine Health Program (38).

MINISTERIAL ORDINANCE No. 193, SEPTEMBER 19, 1994-

Establishes the National Poultry Health Program within the scope of the

DSA and creates the Consultative Committee of the Poultry Health

Program (39).

National Program for the Control and Eradication of

Brucellosis and Tuberculosis

MAPA - Normative Instruction 02/2001 Normative Instruction SDA n◦

10/2017, to reduce the negative impacts of Brucellosis and

Tuberculosis on human and animal health (40).

National Goat and Sheep Health Program MAPA - Normative Instruction No. 87, of December 10, 2004. Institutes

the National Program for the Health of Goats and Sheep (41).

National Herbivore Rabies Control Program MAPA - Normative Instruction No. 5 01/03/200, Approves the

Technical Norms for the control of rabies of domestic herbivores (42).

National Apiculture Health Program MAPA - Normative Instruction No. 16, of May 8, 2008, institutes the

National Program for Beekeeping Health (PNSAp) (43).

National Program for the Eradication and Prevention

of Foot-and-Mouth Disease,

MAPA - Normative Instruction No. 44 of 10/02/2007

Approves the general guidelines for the Eradication and Prevention of

Foot-and-Mouth Disease, to be observed throughout the National

Territory, with a view to the implementation of the National Program for

the Eradication and Prevention of Foot-and-Mouth Disease (PNEFA),

like the one established by the Unified Agricultural Health Care

System (44).

ANVISA- AGÊNCIA NACIONAL DE VIGILÂNCIA SANITÁRIA-(NATIONAL AGENCY OF SANITARY SURVEILLANCE)

Sanitary Surveillance System Law No. 9,782, of January 26, 1999, institutes the National Health

Surveillance Agency, which is responsible for ensuring the safety and

quality of goods, products, environments, inputs, and services that can

convey risks to individual or collective health (45).

System- EpiSUS, part of the Department of Surveillance of
Communicable Diseases of the Health Surveillance System. This
program counts with multidisciplinary teams, aiming to enhance

the ability to respond to public health emergencies and encourage
the exchange of professionals and experiences at national and
international levels, to improve the national technical capacity in
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field epidemiology, becoming an international reference in this
field (23, 51, 53–57).

The Occupational Health Surveillance, part of HSS, monitors
occupational risk factors and determinants of human health
conditions that are related to the production and labor processes,
as well as the ones related to the work environment (23, 54–57).

The Sanitary Surveillance System, coordinated by ANVISA,
the national agency for Sanitary Surveillance, works in the
regulation, control, and inspection of goods, products, and
environments that are directly or indirectly related to health
conditions, from production to consumption. It is recognized as
a set of integrated institutional, administrative, programmatic,
and social strategies, guided by public policies that aim the
elimination, reduction, or prevention of individual and collective
health risks, based on comprehensive services and actions that
are essential to the health defense and promotion. This breadth
of activities justifies the fact that these actions are developed as a
democratic and participatory exercise and in an articulated way,
to guarantee the quality of products, services, and environments,
fundamental aspects for global health. Therefore, the Sanitary
Surveillance is not restricted to purely technical actions, but its
driving axes are actions aimed at the strengthening of the society
and citizenship to promote health and preventing risks, damages
or injuries (15, 45, 49, 54, 55, 58).

Also responsible for One Health, regarding animal health,
food safety, trade and transit of products of animal and vegetable
origin are the programs subjected to MAPA, the institution
responsible for the National Agropecuary Defense (18, 57, 58).

The Agropecuary Defense relates to all stages of agricultural
and livestock production, since the registration and inspection of
agricultural inputs; production, industrialization, inspection and
trade of products and by-products of animal and vegetable origin;
besides acting in the import and export of inputs and products,
as well as in the transit of these products and animals. In this
way, it would not only promote and protect animal, human
and environmental health but also help to increase economic
incentives by promoting security and adding value to agricultural
products (12, 29–36, 59–63).

Also subject to the National Agricultural Defense services,
are the Animal Health Programs, namely: National Equine
Health Program, National Poultry Health Program, National
Program for the Control and Eradication of Brucellosis and
Tuberculosis, National Goat and SheepHealth Program,National
Herbivore Rabies Control Program, National Apiculture
Health Program, National Program for the Eradication and
Prevention of Foot-and-Mouth Disease, coordinated by
MAPA (38–44, 61–64).

These programs aim to prevent, control, or eradicate
diseases of public health importance or that may threaten
international trade, ensuring animal health through health
education activities; epidemiological studies; the inspection of
breeding establishments, fiscalization of agricultural events and
animal transit, notifying the occurrence of these diseases, in
addition to guaranteeing the competitive value of the products
in the international market (38–44, 61–64).

Furthermore, an operational instrument for Agropecuary
Defense is VIGIAGRO,MAPA’s instance that regulates the flow of

animals, products, and agricultural inputs in frontiers, to ensure
their safety and quality, preventing or minimizing potential risks
to the One health (14, 18, 64–66).

In this construct, the programs and services presented have
the potential for the insertion of the multidisciplinary and
integrative approach of One Health, with intra and intersectoral
collaboration Tis approach is appropriate to the current context
of growing concerns about the consequences of the interactions
between humans, animals, and the environment, in a productive
framework based on capitalist ideals (58, 59, 67–69).

DISCUSSION

The importance of the policies and operationalization referred
in this perspective article is acknowledged, but several challenges
are found for the consolidation of its potential, the main ones
being the disarticulation, the verticality of the actions, and the
overlapping of attributions (1–5).

The central goals of the One Health model include altering
the organization’s work from a vertical and hierarchical approach
to a horizontal and integrated one, in addition to moving from
individual “silos” to a transdisciplinary functioning (1, 2, 14).

The difficulties in achieving these goals and in the
integration between the spheres that work animal, human,
and environmental health start in the professional training
of those who work in these fields. Few individuals enter the
workforce with crosscutting skills to thrive in transdisciplinary
or multi-sectoral teams (14, 15).

The increase in the number and distribution of qualified
personnel has proved to be one of the main limitations in
most developing regions. This limitation, added to the financial,
structural, and bureaucratic constraint faced by this sector,
prevents it from satisfactorily exercising its potential, putting
global health at risk (15).

The need and benefits of an integrated surveillance system to
better understand the emergence and epidemiology of diseases
have been demonstrated. This should count with a health
care notification system and a comprehensive national database
including environmental monitoring, human and animal health
diagnostic systems, essential components of an integrated
surveillance system, and for the implementation of One Health
(12–15, 61).

Brazil has all these components, but they do not articulate
or communicate. Even more, they sometimes overlap their
attributions and compete for authority and hierarchy. The
information produced by different organizations, rarely crosses
that ’silo’ that produced them, even though it could support
health actions as a whole, producing and using information and
communication in a shared way, to better instrumentalize the
intervention (15).

For example, information on the incidence and prevalence
of work-related illnesses could be used to modify production
processes, minimizing the risks and potential damage. The
occurrence of water and foodborne diseases could contribute to
the improvement of the performance of Agropecuary Defense,
among others. Just as, information about environmental
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health can be useful to guide all production processes, to
help understanding the epidemiology and natural history of
diseases, allowing the intervention in their origins. This would
promote cheaper, more assertive, and definitive solutions
to health problems and demands, making individuals,
animals, and the environment healthier, more productive,
and sustainable (12–15).

While some progress has been done, there is a need for
continued investment and political commitment to address the
persistent challenges in public health. As it can be seen in the
Tables 1, 2, the programs are not recent efforts and some of
them are more than 20 years old. This is also a challenge since
they are sealed in their ’silos’, without undergoing major changes
over the years and without communicating with other programs
and institutions. Still in this sense, it is clear that changes in
global initiatives and situations such as the pandemic due to the
coronavirus have little or no influence on the construction of
regulatory frameworks.

The One Health initiatives are of complex consolidation from
both a political, technical, and sanitary perspective (12, 14, 15).
The implementation of the strategies presented here, associated
with the complex movement of political and administrative
restructuring in Brazil represented progress in the direction
of producing more effective interventions, however, it further
aggravated the fragmentation and sectorization of health actions.
This resulted in a surveillance based primarily on a routine
centered on the notification and investigation of cases and the
transmission of data to other levels for the consolidation of bases
and information systems, frequently not reaching the final goal
of triggering an intervention (15).

The lack of articulation and use of health information for
planning interventions can be evidenced with a contemporary
example. The COVID-19 pandemic and the recent worsening
of it at the national level in early 2021 are the results of a lack
of planning and intervention by governmental health spheres
that have proved inefficient and non-resolute. Instead of applying
the information, fees, numbers to equip their infrastructure and
instruct their professionals, the highest governmental spheres
have chosen to hide and fragment the health information
consolidated by the Epidemiological Surveillance Systems and
not apply it for planning and structuring measures to mitigate
the health crisis (70–72).

The integration and articulation between health actions,
organizations, and policies would promote greater effectiveness
and efficiency of health interventions, promoting global health
and expanding the response capacity. However, there are still

restrict limits to the autonomy of federal entities in Brazil,
perpetuating an excess of verticality in programs and decisions,
which makes it difficult to move toward the integration of
surveillance systems in the perspective of democratizing the
health practices (15, 59, 73).

The action of these entities and services should be in the
sense of sharing attributions and responsibilities, without leaving
behind the technical specification of each of the areas. This would
imply new roles, as well as new dynamics, relationships, and
innovative practices at all levels, which denotes the complexity
and challenge of its implementation (59, 73, 74).

Thus, it is proposed to work, from the One Health approach,
in an articulated and integrated set of actions, which assume
specific configurations according to the environmental, animal,
and human health situation of each territory, transcending
the institutionalized spaces of the health services system, the
verticality, and hierarchy of agencies and programs. Thus,
seeking a dialogue between “cause control,” “risk control” and
“damage control” through the redefinition of the object, the
means of work, activities, and technical and social relations
(12, 13, 15).
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INTRODUCTION

The vision that we are all connected in this world is not new. However, to respond to the current
challenges the world is facing, an integrated vision where humans, animals, and environment are
linked has never been so important (1). Coronavirus disease 2019 (COVID-19) is the most recent
example of the complex threats of emerging infectious diseases. El Zowalaty and Järhult (2) discuss
the COVID-19 outbreak in a One Health context, highlighting the need for the implementation of
this approach to improve human health and reduce the emergence of pandemic viruses.

The definition of One Health as an “effort to collaborate across multiple disciplines on the local,
national, and global level to achieve optimal health for people, animals, and the environment” (3)
implies that multidisciplinary approaches in research, education, varied services, and policies could
support evidence-based decision-making in health and help build different solutions for challenges
in the animal–human–ecosystem interface.

For some countries, the collaboration among disciplines and sectors is already a reality as is the
case of Brazil. From the 1970’s with the National Rabies Program, created by an agreement between
the Ministry of Health and the Ministry of Agriculture, data from both sectors started to be shared,
and cases in humans, dogs, other domestic animals, and wild animals were treated in a joint effort
(1). In the 1980’s, some experiences of multidisciplinary residences in Primary Health Care were
created just after Alma-Ata enabled the participation of different professionals to work side by
side in special projects in low-income areas (4). However, it was in the 1990’s, with the creation
of the Brazilian Unified Health System (Sistema Único de Saúde—acronyms SUS in Portuguese),
based on a strong emphasis on Primary Health Care, that the opportunity for diverse professionals,
namely, veterinary doctors, to become part of a multidisciplinary team came through, mostly at the
local level. Altogether, SUS can be considered as a good and practical example of the One Health
approach in Latin America.

SUBSECTIONS RELEVANT FOR THE SUBJECT

The knowledge and performance of Veterinary Medicine as part of the health professions in
Brazil, namely, in the One Health approach, is an experience to be shared. The SUS (5) is the
practical evidence of a State policy, which operates in all areas of health, from primary care to high
complexity healthcare services. Among the policies of the SUS in Primary Care, the Family Health

63

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.618234
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.618234&domain=pdf&date_stamp=2021-06-04
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:mmcv@uevora.pt
https://doi.org/10.3389/fpubh.2021.618234
https://www.frontiersin.org/articles/10.3389/fpubh.2021.618234/full


Souza et al. One Health and Brazilian SUS

Strategy (FHS) is a focal point throughout the entire Brazilian
territory, with local coordination in the municipalities; and
whose basic team is formed by a family medical doctor, a nurse,
a nursing assistant, and community health agents working in a
given territory (6).

In 2008, extended multidisciplinary teams were
created involving more professions to support the Health
Centers (in Portuguese “Núcleos de Apoio às Equipes
da Estratégia da Saúde da Família”—NASF) (7). These
teams formed by several health professionals, such as
psychologists, occupational therapists, and veterinary doctors,
support a certain number of NASF. The selection of the
professionals within the NASF is done according to the
epidemiological reality of the territory to be worked by each
health team.

In Brazil, the veterinarian is recognized as a health
professional by both the Ministry of Health and the Ministry
of Education since 1993 and has been part of the NASF
Teams since 2011 (8), working in close collaboration with
physicians and other health professionals, bringing to the
operation the concept and practicality of One Health (1).
These multidisciplinary teams working at the local level
are part of the objectives of Health Surveillance and its
components of Epidemiological, Sanitary and Environmental
Surveillance (9). Hence, each NASF team has different
joint activities, such as identification of potential zoonosis
emergency, joint outbreak investigation, discussion of specific
zoonotic cases (food-related or animal/vector-borne), home
visits to follow-up events in the animal–human interface,
identification and control of vectors and pests in the area
and inside homes, analysis of environmental changes caused
by man and natural disasters, and defining prevention and
control strategies. The NASF teams also collaborate in
the preparation of health education and communication
strategies for the local communities, through team discussions,
performing interdisciplinary actions, and developing shared
responsibility (10).

In regard to the COVID-19 pandemic (caused by the
infection of severe acute respiratory syndrome coronavirus
2, SARS-CoV-2), veterinarians have been strongly involved
throughout the country at the municipal level, mainly in
health surveillance, as well as in health education, mostly
in both food safety and food production guidance. Besides,
veterinarians were considered as part of the program on
strategic action “Brazil Counts With Me—Health Professionals,”
focused on the training and registration of health professionals
for the detection and epidemiosurveillance of COVID-19
patients (11).

Altogether, the recognition as a health professional and
the work developed by veterinarians in the SUS, in Brazil
reveal that this experience can serve as an example to other
countries in the Latin Americas and in other parts of the world.
Furthermore, Queenan et al. (12) reveals unique experiences
and advantages of integrated human and animal health services,
namely, National Services of Italy, Canada, and Kenya. All these
examples feature collaborative efforts and strategies for others
to pursue.

DISCUSSION

For several years, the United Nations and the European
Union, through different mechanisms, have been driving various
initiatives to implement the One Health approach (13).

This awareness prompted a bibliographic review uncovering
more than 250 articles related to One Health worldwide, many
of them related to the concept and the history; however,
publications referring to the application of the concept increased
in number after 2013 (1). The turning point for the application
of the One Health concept was the preparation for the
potential avian influenza H5N1 pandemic around 2005 and
2006, when several official documents addressing the importance
of intersectoral collaboration and joint preparedness plans
were made in the Americas, Southeast Asia, and other parts
of the world (1). Yet again, another influenza pandemic
occurred in 2009 (H1N1 viral isolate) for which the previous
joint preparedness plans greatly contributed to manage the
disease dissemination. Together, these plans and evolving
versions enabled prompt and adequate responses to other
zoonotic threats.

The first declaration of a Public Health Emergency of
International Concern (PHEIC), since a new version of the
International Health Regulations (IHR) was in place (2005),
was pronounced during the H1N1 pandemic when a stronger
global cooperation for risk assessment and capacity-building was
deemed crucial. Alongside, advocating for aOneHealth approach
to better prevent, detect, and respond to any pandemic potential
threat (14).

The coronaviruses (CoV) with animal origin represent a
continuous pandemic threat to global health security, as previous
coronavirus crises can be traced back to 2003 with the emergence
of SARS-CoV and also in 2012 when the Middle East Respiratory
Syndrome coronavirus (MERS-CoV) created a novel challenge
(2). Although concrete evidence is not available, other hypothesis
based on the mutation rate of a specific viral gene and molecular
clock analysis considers that interspecies CoV infection, crossing
from bovine to humans, may have occurred in the late 1890’s
(15). This possible CoV outbreak caused a worldwide disruption
and maintains the infamous designation of the Great Russian
Flu pandemic.

With respect to the human–animal health interconnectedness,
the World Health Organization defines a zoonosis as any
infection naturally transmissible from vertebrate animals to
humans (16) and has already included the COVID-19 pandemic,
caused by SARS-CoV-2, in these zoonotic diseases class.
However, and according to Haider et al. (17), no animal
reservoir has yet been identified, considering this classification
as premature. Haider and collaborators propose that COVID-
19 should instead be classified an “emerging infectious disease
(EID) of probable animal origin,” without compromising the
importance of zoonoses and communicable diseases common to
humans and animals as potential PHEIC that is well-known for
more than 20 years. Forasmuch as the importance of zoonoses,
Taylor et al. (18) estimated that around 70% of infectious hazard
threats to public health have an interface with animals, confirmed
by other studies that have demonstrated the importance of
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animal/human health interface and suggested the need for more
comprehensive research (19).

Remarkably, WHO included the One Health approach in
evaluations of the country core capacities to implement the IHR
(20). The joint evaluation exercise, coordinated by WHO, has
been performed by countries and by peer reviewers in the context
of the Joint External Evaluation (JEE), in order to evaluate
the country core capacities to prevent, detect, and respond to
possible PHEIC and include several indicators to evaluate this
coordination (21). The most recent example of this assessment
is related to COVID-19, a declared PHEIC by WHO, revealing
each country/region’s capacities and fragilities to address the
pandemic and calling out for multisectoral collaborations. This
could be considered one step further in the direction of the One
Health approach and operationalization, setting the goal in truly
understanding how animals and humans are linked, based on
concrete examples. Noteworthy, it is not a current practice in
most countries as demonstrated in the WHO/JEE scores (22).

Transdisciplinary studies and integrative collaboration across
research, practice, and society counterparts are needed both to
prompt a wholesome perspective (from local to global settings)
and to enhance a comprehension of the details intertwined.

The term “transdisciplinary health” was tentatively proposed by
Assmuth et al. (23) to signify the multidimensional integration
across fields relevant for health assurance. And what is the One
Health approach really about? It is a framework that equates the
shared environment affected by the socio-economic interest of
humans. A One Health concept calls for various disciplines to
work together to provide newmethods and tools for research and
implementation of effective services to support the formulation
of norms, regulations, and policies to the benefit of current
and future generations. This will improve the understanding of
health and disease processes as well as the prediction, detection,
prevention, and the control of infectious hazards and other issues
affecting health and well-being in the human–animal–ecosystem
interface, contributing to the sustainable development goals and
to the improvement of equity in the world (1). Public Health
depends on it!
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Small Island State of the Caribbean
Mariana Geffroy 1,2, Nonito Pagès 2, David Chavernac 2, Alexis Dereeper 1,2, Lydéric Aubert 3,

Cecile Herrmann-Storck 4, Anubis Vega-Rúa 5, Sylvie Lecollinet 6 and Jennifer Pradel 1,2*

1CIRAD, UMR, ASTRE, Petit-Bourg, France, 2 ASTRE, CIRAD, INRAE. Univ Montpellier, Montpellier, France, 3CIRE Antilles,

Santé Publique France, Pointe-à-Pitre, France, 4Centre Hospitalier Universitaire, Department of Bacteriology, Virology and

Parasitology, Pointe-à-Pitre, France, 5 Institut Pasteur de Guadeloupe, Laboratory of Vector Control Research, Unit

Transmission, Reservoirs and Pathogen Diversity, Les Abymes, France, 6 Anses, Laboratory for Animal Health, UMR1161
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After spreading in the Americas, West Nile virus was detected in Guadeloupe (French

West Indies) for the first time in 2002. Ever since, several organizations have conducted

research, serological surveys, and surveillance activities to detect the virus in horses,

birds, mosquitoes, and humans. Organizations often carried them out independently,

leading to knowledge gaps within the current virus’ situation. Nearly 20 years after the

first evidence of West Nile virus in the archipelago, it has not yet been isolated, its impact

on human and animal populations is unknown, and its local epidemiological cycle is

still poorly understood. Within the framework of a pilot project started in Guadeloupe

in 2019, West Nile virus was chosen as a federative model to apply the “One Health”

approach for zoonotic epidemiological surveillance and shift from a sectorial to an

integrated surveillance system. Human, animal, and environmental health actors involved

in both research and surveillance were considered. Semi-directed interviews and a Social

Network Analysis were carried out to learn about the surveillance network structure and

actors, analyze information flows, and identify communication challenges. An information

system was developed to fill major gaps: users’ needs and main functionalities were

defined through a participatory process where actors also tested and validated the

tool. Additionally, all actors shared their data, which were digitized, cataloged, and

centralized, to be analyzed later. An R Shiny server was integrated into the information

system, allowing an accessible and dynamic display of data showcasing all of the

partners’ information. Finally, a series of virtual workshops were organized among actors

to discuss preliminary results and plan the next steps to improve West Nile Virus and

vector-borne or emerging zoonosis surveillance. The actors are willing to build a more

resilient and cooperative network in Guadeloupe with improved relevance, efficiency, and

effectiveness of their work.

Keywords: integrated surveillance, social network analysis, One Health, information system, West Nile virus,

Guadeloupe (French West Indies)
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INTRODUCTION

West Nile Virus (WNV) is the world’s most widely spread vector-
borne flavivirus (1). It primarily affects wild birds, being its
natural reservoirs capable of amplifying the virus and maintain it
in nature. High-titer viremias develop within infected reservoir
birds, which transmit the virus through a cycle involving
several mosquito species from the Culex genus (2). In addition,
WNV can infect several mammalian, avian, and reptile species
considered as “dead-end hosts.” WNV (3, 4) is the etiological
agent for West Nile Fever in humans, equines, and several bird
species, where different disease outcomes of the disease are
found, ranging from asymptomatic (in the majority of cases)
and mild flu-like illness to severe neurological disease and
death (5–7).

WNV was first isolated from the blood of a febrile woman
in Uganda in 1937 (3). Initially, the virus was endemic to the
African continent and the Middle East with sporadic epidemics
in Southern Europe. In the 90s, and even more notably after
2008, more WNV outbreaks were reported in Eastern Europe
and the Mediterranean, gaining importance as an emerging and
re-emerging pathogen in this region (8).

Several theories suggest that the virus has been mainly spread
by migratory wild birds, outside its original distribution range
(9, 10). The most striking event regarding WNV diffusion and
emergence corresponds to WNV introduction in America from
the Middle East in the 90s. A more likely scenario to explain
virus introduction in the Americas is through commercial or
unintentional transportation of birds or mosquitoes (11).

The New York outbreak marked the first description of
WNV on the American continent in 1999 (1), consisting of the
onset of severe West Nile Fever cases in horses and humans.
Such outbreak was preceded by high numbers of wild bird
mortality in the area, putting several public health and veterinary
organizations on alert. Subsequently, WNV dispersed northward
to Canada and southward to Central America, South America,
and the Caribbean (9) following migratory flyways, being the
Caribbean situated along the Atlantic and the Mississippi flyways
connecting North and South America.

The first detection ofWNVwithin the Caribbean was reported
in 2001; a man from the Cayman Islands without a recent
travel history (3). In 2002 several islands reported antibody-
positive animals, confirming that the virus had arrived in the
Dominican Republic, Guadeloupe, Jamaica, and Eastern Mexico
(12–14). Viral strains identified in the area were the same as
those found in Florida (12). The following year, the virus was
circulating in Puerto Rico, Cuba, the Bahamas, and by 2004,
the virus was identified in Colombia and on the island of

Abbreviations: ANSES, French Agency for Food, Environmental and

Occupational Health & Safety; ARS, Regional Health Agency; CHU, Center

Hospitalier Universitaire; CIRAD, French Agricultural Research Center for

International Development; CIRE, Interregional Epidemiology Unit of Antilles-

Guyane; DAAF, Direction de l’Alimentation, l’Agriculture et la Forêt; IPG,

Institute Pasteur de Guadeloupe; IS, Information System; OFB, French Agency for

Biodiversity; SNA, Social Network Analysis; SPF, Santé Publique France; WNND,

West Nile Neuroinvasive Disease; WNV, West Nile Virus; WNIS, West Nile

Information System.

Trinidad (14, 15). More recently, in the British Virgin Islands,
a WNV isolate sharing more than 99% nucleotide homology
with earlier US WNV strains were found on dead wild birds
(Caribbean flamingos, Phoenicopterus ruber ruber), confirming
that the outbreak resulted from the geographic expansion of US
strains (16). Moreover, seropositive equids, both locally bred and
imported animals, were found in Saint Kitts and Nevis and Sint
Eustatius, meaning WNV was circulating in the Caribbean (17).

In contrast to the situation in North America (7 millionWNV
human clinical cases recorded since the virus was first detected in
the USA), WNV dispersion in Latin America and the Caribbean
has been rather silent, without significant bird mortality or
clinical manifestations in human and animal populations (11).
This has made tracking WNV challenging in the Caribbean
region, where the primary information source comes from
serological tests. Additionally, there is a high prevalence of other
flaviviruses in Central America and the Caribbean; therefore,
cross-reactions in serological testing can occur, and positive
WNV detections in the area need to be interpreted with care,
especially in humans. Lastly, critical wild bird species for virus
dispersal and mosquito vector species have not been clearly
identified, even though WNV is a public health concern that,
due to local meteorological conditions, can be transmitted all year
round (10, 18). While the virus has probably become endemic in
the Americas, there have been few strains and genomes isolated
from outside the USA, with no large WNV outbreaks reported,
highlighting the need for further investigation to understand the
true burden of WNV in Latin America and the Caribbean (11).

The environmental component is an integral part of theWNV
system and is crucial to understand its epidemiological cycle.
Several environmental factors - climatic (temperature, rainfall,
relative humidity) or other modifications of the habitats or land
use can significantly impact vectors and vector-borne disease
distribution (19–21). They may indeed play a significant role in
the life cycle, distribution, vector and host density (22), and on
vector competence (23, 24), influencing the likelihood of vector-
virus-host interactions.

Guadeloupe (16◦15’ N, 61◦35’ W) is a French Overseas
Territory located in the Lesser Antilles in the Eastern Caribbean
Sea (22). Differential patterns in precipitation, temperatures,
and the fertility of volcanic soil have created highly diverse
ecosystems: (i) tropical semi-deciduous forests, (ii) tropical
rainforests, and (iii) several types of wetlands like mangroves,
lagoons, brackish and freshwater ponds, and swamplands (23,
24). Urbanization and agricultural development also have
degraded natural ecosystems. All of these elements can foster
WNV vector and host populations. Guadeloupe’s main activities
are agriculture (banana, sugar cane), and tourism, relying
on connections with neighboring Caribbean countries, North
America, and France, thus increasing the risks of pathogen
introduction, turning Guadeloupe into a hotspot for the
emergence and spread of biological hazards.

More than 33 mosquito species are present in Guadeloupe
(25, 26), and several vector-borne disease outbreaks (dengue,
Zika, and chikungunya) have been recorded in the last two
decades. Also, Guadeloupe has about 60 nesting bird species
and at least 120 migrant or vagrant bird species (27), making
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the introduction of WNV through migratory species a real
possibility. In July 2002, WNV was identified for the first time
in Guadeloupe via serological investigations (ELISA and sero
neutralization tests) that revealed the presence of IgG and IgM
antibodies against WNV in horses and chicken samples with
seroprevalence rates ranging from 2.8 to 10.4%. Six months
later, horses’ prevalence rate increased up to 50%; which was
probably linked to the first WNV incursion in Guadeloupe
a couple of months earlier (13). After the first detection of
WNV in Guadeloupe, a multidisciplinary surveillance was set
up to improve the knowledge of the virus distribution and its
burden in human and animal populations of Guadeloupe. As
part of the WNV surveillance programs, information campaigns
were implemented to increase awareness in physicians, hunters,
veterinarians, the general public, and horse and poultry owners.
The transmission of WNV decreased dramatically during 2003
and 2004 in horses and poultry. Neither clinical cases in equines
nor neurological disorder linked to WNV infections in humans
has been reported (18). New seroconversions were detected on
horses afterward between September 2007 and August 2008 and
between January 2011 and March 2013 (23, 25). Furthermore,
mosquito surveillance was set up early in 2015 to monitor
mosquito population dynamics in twoWNV equine and chicken
sentinel sites and to identify the vector species involved (25).
Despite these efforts, WNV has never been isolated from
mosquitoes, horses, nor bird samples collected in Guadeloupe
(28). Additionally, WNV bird mortality was never observed,
possibly due to (a) the existence of few susceptible bird species
in the territory, (b) hypothetical low vector competence, and
(c) possible co-circulation of other flaviviruses (13, 29). In
humans, out of nine suspected cases from the Center Hospitalier
Universitaire of Pointe-à-Pitre (CHU), none were confirmed as
WNV cases, with symptoms that could be attributed to other
pathologies. However, it is well-recognized that the causative
pathogens of infectious encephalitis in humans in tropical
areas are poorly known and investigated (30). Usually, WNV
is screened in patients and animals developing neurological
symptoms, so mild West Nile Fever (WNF) cases can often go
under-recognized (3). Nowadays, WNV surveillance continues
in Guadeloupe but mainly involves the veterinary and the
entomological components while the actors of the human
health sector are in charge of surveillance and control of other
human flaviviruses, like dengue and Zika. Most of the WNV
surveillance activities in Guadeloupe are sectorial and do not
involve regular communication across sectors. After many years
of a disassociate surveillance, the actors decided to implement a
“One Health” approach to improve WNV surveillance and work
more effectively and efficiently together.

WNV surveillance exemplifies how “One Health” approaches
can be useful and necessary to understand and create methods
for establishing more resilient disease surveillance and control.
“One Health” is frequently described as a multidisciplinary and
collaborative approach working locally, regionally, and globally
to prevent and mitigate risks that originate from the animal-
human-environment interface in order to attain optimal health
and well-being for everyone (31, 32). There is a particular
emphasis on teamwork and communication across disciplines,

communities, and sectors, where health problems can be
addressed by examining their multiple dimensions. Surveillance
using a “One Health” approach, also known as Integrated
or “One Health” surveillance, happens when surveillance is
organically harmonized, allowing actors and stakeholders from
different backgrounds and organizations to work together
to control, for instance, a zoonotic pathogen. It consists of
systematic collection, validation, analysis, interpretation, and
dissemination of information collected on humans, animals,
and the environment to inform decisions for more effective,
evidence- and system-based health interventions (33). Integrated
surveillance aims to share data, providing faster detection
and better disease control, compared to sectorial pathogen
surveillance, where each sector works only with its data and reacts
individually to the outcomes. Benefits have been seen in both
disease management efficiency and cost reduction by sharing
logistics, human resources, and splitting expenses between
institutions. However, joint surveillance is not a problem-free
approach due to issues related to barriers for information sharing,
unclear responsibilities, privacy regulations, or structural barriers
inside organizations adding the lack of communication between
actors (33–35). Implementing joint information systems seems
necessary and has already been enacted successfully in other parts
of the world (36–38).

The application of “One Health” programs aims at offering
early detection of circulating WNV in wildlife, mosquitoes,
sentinel animals, or confirmed clinical cases. If WNV is detected,
human health institutions and authorities are informed and
can, in turn, implement vector control measures and preventive
activities in the population, thus reducing the number of human
infections (38).

Surveillance programs rest on top of two essential pillars:
(i) the coordination of the people or organizations in charge
of the surveillance and (ii) the establishment of an efficient
data exchange network that allows actors from the field to
the decision making levels to have quick access to data and
information when required (39). The implementation and use
of information systems (IS)—defined as “the set of processes
implemented to ensure data management” with clear rules
concerning sharingmechanisms—is essential for integrated “One
Health” surveillance programs.

This article aims to share the experience of Guadeloupean
partners who initiated a shift in collaboration practices based
on the “One Health” approach applied to the WNV surveillance
system in Guadeloupe. This led to the creation of an
integrated information system for disease surveillance. Also, a
social network analysis (SNA) was implemented in which the
relationships, strengths, and weaknesses of the network could be
identified, and possible recommendations were made to improve
cross-sectoral collaborations and better tackle future emerging
zoonotic threats in Guadeloupe in the long-term.

MATERIALS AND METHODS

Four participatory workshops were organized between February
and November 2020 to which all actors implicated in
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WNV surveillance were invited. The first two workshops
(organized in February and March 2020) had a capacity-building
component on Information Systems (IS), databases, and data
visualization using R Shiny. The last two workshops (organized
in November 2020) focused on testing the new tools, discussing
recommendations, and developing a strategic plan toward a
more sustainable network.

Development of the Information System
During the first workshop, the EVASYON method developed by
Chavernac, was used following several steps: (i) identification,
mapping and role (data collection, centralization, analysis,
information sharing) of all the actors and description of
surveillance data flow at the regional (Guadeloupe), national
(French), and international levels; (ii) identification of current
IT resources and data, and creation of a data catalog; and (iii)
a comprehensive evaluation of the state of available information
and future planning to create an IS for WNV (WNIS) in
Guadeloupe. At the end of the workshop, participants agreed
on preliminary technical specifications for the creation of an
IS (sections, functionalities, users’ rights) that would allow
participants to collect, store and share data among all participants
and organizations that have a role in WNV surveillance,
depending on the participants’ needs and interests.

A detailed document with all the technical requirements and
specifications was prepared by a small working group using
an online editable platform to facilitate collaboration with the
developer (Google Docs). The WNIS prototype was developed
using php/MySQL and the Rapid Application Development of
php Runner (https://xlinesoft.com/phprunner). It was adapted to
main users’ comments and needs shared throughout 2020. A final
prototype version was presented to the broader group of WN
surveillance actors (veterinarians, DAAF, Santé Publique France,
CHU, IPG. . . ) for discussion through another participatory
workshop held in November 2020. Improvements have been
made to prepare a beta version that will run in 2021 for testing
and validation. The final IS will be developed and transferred to a
local server using the feedback on its use after several months of
field WNV surveillance.

Data Catalog
Information on the WNV surveillance activities conducted since
2002 by the various institutions was collected, emphasizing that
data, reports, and knowledge would be used to develop and test
the newWNIS.

The data catalog was prepared using the Dublin Core (40),
a metadata structure used to classify electronic resources with a
brief description of their content and characteristics. In this case,
using the Dublin Core allowed easy creation of the catalog and, in
the future, facilitates the proper maintenance, management, and
use of existing resources.

Use of R Shiny for Data Visualization
During the second workshop, partners interested in tool
development and conception were trained on R Shiny, an
application for dynamic and interactive data visualization
entered in the web interface to capture and manage surveillance

data reports from the WNIS. Indeed, an attractive and dynamic
display of information to the partners and the general audience
is one of the goals of this integrated WNV surveillance
system. Concurrently to the WNIS development, a graphical
and cartographic data visualization web application called
VirusTracking was deployed. The application was written in “R”
using the Shiny framework. It explores data and information
stored in the MySQL database of the IS accessible for the WNV
surveillance members from a secured server, and the surveillance
databases. It relies on Shiny’s reactive programming framework,
allowing the communication of results easily via interactive
charts, texts, or tables, and compartmentalizes and caches
expensive computational stages so that an interactive session
does not require calculations and queries to be recomputed
unnecessarily. The application is directly connected to the
MySQL database and allows the extraction of the information
through SQL queries.

Social Network Analysis
Social Network Analysis (SNA) is defined as a “distinctive set
of methods used for mapping, measuring, and analyzing the
social relationships between people, groups, and organizations”
(41, 42). It can be used to evaluate any network, from businesses,
governmental institutions to health and ecological systems that
involve people and organizations. In general, knowledge of how
actors and partners interact with one another helps understand
how the information flows between organizations and under
what conditions (43).

Given the large number of organizations belonging to
different sectors and backgrounds involved in the WNV
surveillance in Guadeloupe, an SNA was used to understand
the ties and relationships of the actors implicated in WNV
surveillance in Guadeloupe and in identifying the levers and
barriers that influence teamwork. Relevant recommendations
about desirable changes to increase communication and
collaboration will be facilitated.

In order to attain the stated objective, a questionnaire was
created and piloted to collect information about the connectivity,
centrality, and flux of information between actors. The
questionnaire consisted of four parts: (a) personal information,
(b) network connections and information flow, (c) actions for
the future of the network, and (d) current perception of the
network. It also allowed the acquisition of information using
focused ethnography, a methodology that helps describe a group,
its experiences, attitudes, and interactions (44, 45). Actors were
asked to describe and give their opinion about the network’s
current state, challenges, and future actions for improvement.

Face-to-face, telephone, or via ZOOMTM, semi-directed
interviews were conducted with the actors involved in the
surveillance of WNV. Interviews were done both in French or
English, depending on the interviewee’s confidence and language
management level. All the interviews were recorded for later
transcription. If interviews were in French, they were transcribed
and translated into English for subsequent analysis.

The qualitative analysis of the actors’ interviews was
carried out using Nvivo, a qualitative data analysis software
(QSR International, Release 1.0). For the network mapping,
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TABLE 1 | WNV surveillance activities in Guadeloupe.

Component of the

WNV surveillance

Organizations involved Type of

surveillance

Description of surveillance activities

Human CHU Pointe-a-Pitre

Interregional Epidemiology Unit of

Antilles-Guyane (CIRE) of Santé Publique

France (SPF)

Passive WNV screening in suspected clinical cases: undiagnosed viral

encephalitis or meningitis or infections consistent with West Nile

Neuroinvasive Disease (WNND).

Frequency of data collection: infrequent, highly heterogeneous.

Regional Health Agency (ARS) Serosurvey Flavivirus screening in pregnant women within the framework of Zika

surveillance (2016–2017). West Nile was included in the testing.

National Center of Arboviruses (France)

Domestic animals

(equines and poultry)

Direction de l’Alimentation, l’Agriculture et la

Forêt (DAAF)

CIRAD

Private veterinarians

Active Use of sentinel equids and chickens to detect WNV circulation.

Horses from four sentinel sites were sampled yearly until 2018.

Chickens from two sentinel farms were sampled every 15 days between

2013 and 2018 and every 3 months since 2019.

Frequency of data collection: regular in chickens some years are

missing in horses.

DAAF

CIRAD

Private veterinarians

Event-based WNV screening in suspected clinical cases in equids presenting signs of

neurological disease.

Frequency of data collection: every year, during the 2nd semester;

however, it is not activated correctly every year.

Wild birds SAGIR network of the OFB

CIRAD laboratory

Event-based Identification of high wild-bird mortality events and testing. Effective in

Mainland France. Not operational yet in Guadeloupe.

Wild birds IPG

CIRAD laboratory

Serosurvey Data collected within the framework of a 2-year project.

Entomological CIRAD Active Mosquito species identification and determination of population

dynamics in Guadeloupe.

Frequency of data collection: Every 2 weeks since the end of 2014,

alternating with the sentinel chicken surveillance in order to be able to

detect pools of mosquitoes infected in case of seroconversion observed

in poultry.

matrices with actor relationships with one another and their
communication level were created. The matrices’ analysis was
done using R Studio with the following packages: igraph,
network, sna, ggraph, visNetwork, threejs, network D3, and
ndtv. Map designs were improved using Gephi, an open-source
network analysis and visualization software (46).

RESULTS

The interactions among partners evidenced three critical points:
(i) a multitude of persons were involved, (ii) a large set of data
was disseminated within the different institutions, and (iii) only
a few interactions existed between different actors. Additionally,
no single formal WNV surveillance exists, but rather, several
surveillance activities are carried out by different institutes that
communicate poorly with each other.

West Nile Surveillance Organization and
Available Information/Data
The WNV surveillance organization in Guadeloupe and the
data’s location is summarized in Table 1 and Figure 1. Every
database included information relevant to individual surveillance
objectives, and they were centralized at the French Agricultural
Research Center for International Development (CIRAD) for
future data analysis.

The primary sources of data came from the
following organizations:

CIRAD: Poultry, equine, and mosquito surveillance data.
Excel files and Access databases are stored in CIRAD’s Laboratory
Quality Assurance system and server.

Institute Pasteur of Guadeloupe (IPG): The database of a
research project on wild birds was shared. It was organized as a
list using the bird capture dates, location, and serological results.

CHU Pointe-à-Pitre: No existing records could be found, but
communications were established concerning WNV samplings
at the hospital, with concerns about those samples’ poor quality,
resulting in unreliable results.

Santé Publique France (SPF): A serosurvey of pregnant
women was organized in Guadeloupe within the Zika
surveillance framework. Several flaviviruses, including WNV,
were tested.

The main sources of data were initially organized in separate
Microsoft Excel documents. Excel files were further merged by
component, completed, harmonized, and validated using the
lab result sheets that were delivered to each sampling group.
These MS Excel documents were ordered by date, and four MS
Excel documents were finalized for each component—equine,
birds, humans, and mosquitoes—to prepare future integrated
data analysis.

Pilot WNV Information System and R Shiny
component
A consensus was reached among the partners to develop
a simple WNIS based mainly on the regular sharing of
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FIGURE 1 | Chronogram of surveillance activities that took place from 2002 to 2020 in horses, poultry, wild birds, mosquitoes, and humans, based on the datasets

provided by the partners.

surveillance reports for the different surveillance components
(human, equine, domestic poultry). We hypothesized that each
organization had databases already in place and that the IS
would not attempt to duplicate data entries in a third-party
application but rather allow collecting synthesized data. The
main actors agreed that the primary information that would
be entered and displayed in the WNIS would be: location
(commune), component (human, equine, poultry, wild birds),
reporting organization, event, number of individuals tested,
number of positive (and test used), number of negative, number
of deaths (Figure 2B). The information would be submitted
through monthly to quarterly reports. The information is
comparable for all surveillance components allowing easy
visualization with automatic data recovery routines with R
Shiny. The final prototype is being developed using the
latest workshops’ outputs with the actors who required
additional functionalities such as implementing alert flows
to notify partners of WNIS activities alongside access rights
management. A local web server hosting the platforms and
allowing a dynamic connection between the IS and the R-
Shiny visualization interface has yet to be identified before
the system is passed in production. In the meantime, it
is located in a temporary server in mainland France. The
demo version is accessible here: https://astre-apps.cirad.fr/
apps/tracking-virus/. It showcases information from different
surveillance components, displaying both surveillance data
(“past” published datasets) and mock surveillance summary
reports that were submitted through the WNIS (“current”
datasets) with simulated WNV surveillance reports submitted in

2020–2021. The actors are currently testing several options and
the system will evolve as new needs arise.

The VirusTracking application is divided into two main
panels: the first panel is dedicated to option control (inputs)
on the left, and the second panel on the right has graphical
data reports (outputs) based on user preferences. Users may
first select a disease (WNV) and the species under surveillance
(human, equine, avian, wild birds, or mosquito surveillance
or all the surveillance components at the same time). Users
can then adjust the period and geographical location (i.e., by
selecting/deselecting communes) of interest on which they want
data to be presented. Data information is then shown and plotted
dynamically on the right panel according to the input data user’s
selection. The resulting panel is organized as follows (Figure 2A):

• Overall statistics of reported tested and positive cases observed
in the selected locations during the period.

• Histogram of the number of tests conducted chronologically,
• Histogram of positive cases reported chronologically,
• Guadeloupe region-centric geographical map showing the

locations where individuals were sampled.
• Guadeloupe region-centric map reporting positive case vs.

individuals tested ratio for each commune. These are
represented as mini pie charts whose sizes are proportional to
the number of tested cases.

Regarding chronology reports through histogram representation,
bar width can be adjusted according to the accuracy required
by the analysis, either daily, weekly, monthly, or even by year,
to sum up, the information. In practice, this flexibility has
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FIGURE 2 | (A) Screenshot of the VirusTracking West Nile Virus surveillance platform. The graphs show the reports submitted on the information system on eight

communes of Guadeloupe (Baie-Mahault, Basse-Terre, Goyave, Les Abymes, Petit-Bourg, Sainte-Anne, Sainte-Rose) during 2020. The time unit is a month. The data

are not real epidemiological data; they were the ones entered by the participants in the workshop for testing the tool. (B) Screenshot of the WNIS. WNV report section:

The report ID with the organization that submitted the report is listed as well as the component under surveillance, commune, and number of tested and positive

cases. The information and data do not correspond to actual data (participants entered them to test the platform).

been implemented because of the heterogeneous frequency of
report acquisition.

The users can also gather information from different
surveillance components at once, as different layers overlaid in
the same histograms and geographical maps were added. This
functionality may be of great importance for helping actors have
an overview of the information. This functionality does not
substitute Geographic Information Systems that would be helpful
to understand WNV epidemiology in Guadeloupe.

Social Network Analysis
In total, sixteen (16) people out of 20 currently involved
in WNV surveillance were interviewed. They were actors
participating in all three components of the WNV surveillance
(human, animal, and environmental) and belonged to the
following institutions: CIRAD, IPG, SPF, CHU Pointe-à-Pitre,
the French Agency for Biodiversity (OFB), the Regional Health
Agency (ARS), the French Agency for Food, Environmental
and Occupational Health & Safety (ANSES), Direction de
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FIGURE 3 | Hierarchy chart of themes obtained from the SNA questionnaire using Nvivo software. The bigger the box, the more frequent the theme.

l’Alimentation, l’Agriculture et la Forêt Guadeloupe (DAAF
Guadeloupe), and private veterinarians.

Actors talked about various themes, but their three main
concerns addressed “communication,” “current challenges,” and
the “actions for the future” of the network, as can be seen from
Figure 3.

The network map of the surveillance system (Figure 4) is
made up of 36 vertices and 88 edges, having a diameter of six (6),
which is the minimum path length that can connect any pair of
nodes in the network. The network reciprocity is 52%, meaning
that among our pairs of nodes, half of them have a one-way
exchange of information. Nearly three-quarters of the nodes (28,
77%) have less than five edges that connect them to other actors of
the network. On the other hand, two nodes concentrate 22 and 31
edges (labeled NP and JP, respectively), meaning that more than
half (53, 60.2%) of the connections are gathered around these two
actors: the main hubs and authorities of information.

In addition to data information flows, actors and stakeholders
also have provided suggestions and opinions about the levers
and barriers of communication inside the system (Table 2), the
main challenges (Table 3), and the priorities for improving the
surveillance system (Figure 5).

Some actors indicated that their concerns had not been fully
addressed and felt excluded from the network, albeit having
particular tasks inside the surveillance system (data collection,
laboratory diagnostics) and sometimes do not understand some
procedures related to their components due to a lack of
information and communication with other actors.

Actors from the human health component have expressed that
their main concern is the absence of human cases or limited
information available on the impact of WNV on the human
population of Guadeloupe. Physicians are fully alert and appear
not to be aware of the disease, and they do not have any specific
instructions from public health authorities to prescribe WNV
tests. Consequently, they do not prescribe WNV diagnostic tests,
so possible mild WNF cases could be mistaken for dengue fever
due to similar symptomatology and a high prevalence in the
region. Also, not all laboratories can carry out WNV testing,
so samples would be sent to overseas reference laboratories in
France, which hampers the physicians’ prescriptions and the
centralization of the results by the local laboratories leading to
a loss of information.

DISCUSSION

Constraints to Multidisciplinary and
Cross-Sectoral Collaborations
These results show several limitations of the current WNV
surveillance organization threatening the sustainability of the
network. The SNA results show that flows of information
between partners in Guadeloupe are constrained by the type
of organization (or sector), a common practice where people
communicate with those sharing the same working space or
interests. WNV surveillance is mainly led by actors belonging
to the animal health sector; they have created some links with
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FIGURE 4 | Map of the West Nile Virus surveillance network in Guadeloupe. The colors represent the sectors the actors belong to: animal (Blue), human (Magenta),

and the environment (Gray). Larger nodes have more edges. The thicker the lines, the more weight in the communication between two actors.

TABLE 2 | Constraints and levers for sharing data between actors.

Information sharing:

levers and constraints

Actions recommended Examples

What makes sharing WNV

information easy?

• Partners know one another

• Trust between partners

• Relationships

• Existence of available platforms for sharing information

(meetings, seminars, newsletters, etc.)

• Curiosity

• Surveillance is divided, thus needs information from

another actor to complete their own.

“And another point, so I said yes, we know each other, we know what the

others are doing, and we may have a common tool, um, possibly the

Internet, finally the web, to share minimal information and alerts.”

What makes sharing WNV

information difficult?

• WNV is not a health priority (lack of interest) in Guadeloupe

• Information lacks detail

• Lack of communication between organizations.

• No tools to share information

• Lack of cases (human health)

“Because mainly I think it is not the priority of all people and organizations:

they have their own priorities. They are not available for things like this.”

specific human health actors, which in turn are connected
to isolated members inside their sector. The environmental
component is also underrepresented and ought to be an essential

addition to the WNV surveillance system in the future. SNA
results also show the unevenness of the communication with:
two members being the central actors having most connections
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and representing the link between actors—they act both as hubs
and authorities—while most actors are a part of the system
because they are linked to only one person inside the network.
In these cases, it would be hard to recover the communication
routes established by these actors if either node disappears.

TABLE 3 | Main challenges of the WNV surveillance system with examples.

Main challenges of

the WNV surveillance

network

Quotes

No formal network and

no existing protocols

“There is no network. Individual activities are

conducted independently from one another. There

is no coordination. No established mechanisms for

sharing information between the different actors….”

Undetected

transmission. Silent

viral circulation

“I think that with a disease, a flavivirus, you can have

a lot of undetected transmissions. WN fever is not a

disease that social security tells you to take a test for.

That is why people have symptoms, but they are not

systematically tested for WN.”

Proving viral circulation

in humans (Human

health problem)

“And so we do not do tests, that’s why we say there

are no tests in humans, okay (...), but we don’t look for

them.”

No exchange of

information between

partners

“We are not used to exchanging information or plan an

integrated surveillance: I would say there are multiple

activities and these activities are not connected, and

there are a few exchanges of information from all the

different sides.”

Early detection of the

disease

“I think the challenge is to be able to detect the

reintroduction of the virus in our territories very quickly,

and this detection is first of all through the animal

surveillance system and mainly avian and equine.”

Lack of testing “If the clinician does not ask for WNV testing, it is

impossible for the laboratory to add it systematically

in every syndrome, neurologic syndrome.”

This organization results from the absence of a formal protocol
and a lack of governance that encompasses all sectors, where
roles, responsibilities, and communication mechanisms between
each organization or actor would be described. Actors need to
communicate and collaborate directly with one another. Getting
to know other actors by setting up meetings or trust-building
activities is vital to create long-lasting connections that can
be reflected in professional work and the shaping of efficient
working groups. The “beer-and-pizza concept” mentioned by
professor Craig Stephen is quite efficient in forming stronger
groups: actors are encouraged to meet in relaxed environments,
thus building friendly relationships (33). In the south of France,
annual meetings of the WNV surveillance in the early 2000s
used to be organized in the heart of the Natural Regional Park
of Camargue. They included a field trip, bird watching, and
other activities, allowing actors from all sectors to meet and
get to know each other in a preserved, unique environment,
that was also the virus’s playground. With the current COVID-
19 pandemic, this might be a bigger challenge. However, there
may be something innovative to do, bearing in mind that
collaboration needs to be mainly understood as a human process
and not an obligation inside the professional area. Furthermore,
an organizational structure is desirable where actors can get to
know one another, their work line, and possible contributions
to the network. Trust and established relationships can make the
difference in communication.

Anticipating the considerable limitation of information
sharing in a context where partners are willing to share
information, the WNIS, and R Shiny platform are expected to
fill major gaps by providing supporting infrastructure to facilitate
the exchange of information and knowledge between partners.
Moreover, it is expected to facilitate integrated data analysis,
the definition of new research and surveillance questions, and
the coordination of future WNV surveillance and research

FIGURE 5 | Main actions that were recommended by actors to increase the resilience of the WNV surveillance system.
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activities. If well-adopted, it may contribute to developing
a systemic organization (polycentric, highly connected, and
multidimensional), especially if it is extended to other vector-
borne and zoonotic diseases.

With the advent of new information and communication
technologies and their democratization over the last 10 years or
so, IS have become more efficient and reliable: standardization
of information, speed, reliability, availability, security, and
shareability are all criteria for performance and optimization,
which means that today IS are key tools in monitoring systems
(39). However, it is essential to parallel an in-depth study
of existing constraints (human resources in terms of skills,
budgetary constraints, and technical constraints depending on
the study site) so that the deployment of an IS based on new
technologies thrives in the long-term.

Other than communication issues, concomitant participation
in Gruel’s study (47) on key attributes of “One Health”
implementation highlights several other major weaknesses
limiting the successful implementation of the “One Health”
approach in the WNV surveillance network. There is a lack of
formal “One Health” governance, coordination, and monitoring
mechanisms. Moreover, there is no synergistic pooling of
resources, no integrated data analysis, and a general lack
of awareness of the “One Health” approach with an under-
recognition of “One Health” professionals’ roles. In addition,
actors—mainly those from the public health sector—mentioned
that WNV is not a priority and has fewer funding opportunities
compared to other health threats like Leptospirosis, dengue, and
currently Covid-19, which have a most significant public health
impact in Guadeloupe.

Having a wider “One health” integrated surveillance network
to establish collaborative programs to prevent and tackle diseases
would probably be a good option, especially in a challenging
environment like Guadeloupe where the turnover of persons in
research/health agencies is frequent, the system is fragmented,
and resources are scarce. Finally, Guadeloupe is distant from
mainland France and communication between local and national
epidemiological surveillance systems is inconsistent.

Implementation of a Pilot Integrated
Surveillance in Guadeloupe
A strategy has been envisioned with the actors and
recommendations were formulated during the final workshop
to keep the WNV surveillance and research activities going on
after this study, and shape the network on the longer term,
linked at the national level, as overseas territories are generally
poorly integrated.

WNV integrated surveillance in many European countries
involved creating strong, well-integrated teams (36, 38, 48),
which is still lacking in Guadeloupe. For this reason, the main
short-term goal is to enhance collaboration and communication
around the WNIS, the R shiny platform, and the use of
partners’ information to improve early warning systems for
WNV based on sentinel animals. Big expectations have been
set on these new technologies and are yet to be used regularly.
An epidemiologist has been recruited for 1 year to moderate

and facilitate communication within the network. She will
operationalize theWNIS and conduct the integrated data analysis
with the partners to increase WNV knowledge in Guadeloupe,
posing new surveillance and research questions.

Specifically, integrated data analysis will allow identifying
correlations between environmental variables and WNV
circulation data in horses and poultry as well as with mosquito
vector dynamics in Guadeloupe. Several environmental variables,
including climatic factors, such as warmer temperatures at the
beginning of the mosquito breeding season, landscape structures
(comprising water bodies or higher normalized difference
vegetation index), and reservoir bird ecology were shown to
shape WNV circulation risks in different areas (49). These have
been integrated into WNV models that analyze vector and
host abundance spatially and more precisely map areas at-risk
for WNV infections in Europe, the Mediterranean basin, and
North America (50–52). Identifying such factors that are critical
modulators for WNV circulation in Guadeloupe is a prerequisite
for WNV risk modeling and mapping and anticipating future
virus epizootics or epidemics.

Also, training workshops for partners on the use of the
WNIS, databases, data visualization, and the surveillance
system will be continued. Alongside, actors have identified
four priority actions they will work on throughout 2021:
(a) the governance and information sharing mechanisms, (b)
surveillance protocols and links with the French Epidemiological
Surveillance platform (ESA, https://www.plateforme-esa.fr/), (c)
improvement of WNV and flavivirus diagnosis in humans in
collaboration with the veterinary research diagnostic laboratory
and the national reference laboratories for human and animal
vector-borne diseases, and (d) databases and integrated data
analysis, with the development of a consortium agreement.

Despite their little availability and constraints, all actors are
eager to participate in the WNV surveillance amelioration with
minor additional costs and want to collaborate and learn about
what other actors have discovered regarding WNV, and that
has not been published yet. In the future, the combined use
of technology for disease surveillance and IS might give us a
better idea of current disease circulation, providing strategies for
the implementation of prevention and disease control programs
in Guadeloupe (39). This integrated surveillance system could
also be expanded to other mosquito-borne diseases or emerging
zoonosis of concern.

It is also essential to address open questions about the
presentation of WNF in humans in Guadeloupe. Public health
experts with a background in neurology and diagnostics
mentioned that the current sampling strategy is not adequate,
and the lack of positive cases acts as a barrier for the
detection of the pathogen in the human population. This
is also related to a lack of disease awareness or WNV not
being a priority for human health organizations. The budget
for WNV surveillance is very limited and only intended to
fund diagnostic assays. It is crucial to increase awareness
of the existence of WNF in the region among clinicians
to promote testing for the disease and gain epidemiological
knowledge on the true burden of WNV in humans. Also,
adding WNV testing to the prescription of patients that present
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dengue-like symptoms could help in identifying human WNV
positive cases.

Currently, the environmental sector is not represented in
the WNV surveillance network. Ecologists from the University
of Antilles (UA), as well as several naturalist associations
(ornithologists, bat specialists), are working with CIRAD and
several institutes on a research project called, “Insula” (2020–
2023), funded by the European Union and the Guadeloupe
region. This project aims at studying the impact of biodiversity
degradation of several ecosystems on the risks of transmission
of vector-borne diseases in plants, animals, and humans. It
was suggested to organize a collaboration between the WNV
surveillance network and the Insula research project to organize
mutually beneficial collaborations: pool some resources, organize
joint activities, share relevant data/samples, etc. It is anticipated
that this will help WNV surveillance get highly relevant data and
information from wildlife and the environment until the French
Office for Biodiversity in Guadeloupe starts its operations on
wildlife disease surveillance.

Linking research and surveillance on emerging zoonotic
diseases has always been considered essential both by research
institutes and organizations in charge of public and animal
health surveillance, however, it has historically been poorly
operationalized. With the implementation of the “One Health”
approach in Guadeloupe since 2019, the partners of the MALIN
Project are pushing for a strong “One health” project aiming
at strengthening research and surveillance of emerging health
problems, including zoonotic/vector-borne diseases within the
framework of the next European Research Development Funds
(ERDF) program (2022–2027).

It would be interesting to include cycles of internal evaluations
with feedback of the actors to adapt network operations
to surveillance objectives and its governance regularly. In
addition, evaluating the “one health-ness” of theWNV integrated
surveillance in the near future would be important to see the
degree of evolution of the operationality of the “One Health”
approach. For this, several methodologies can be used to evaluate
interventions like SNA and focused ethnography, as well as tools
of the Network for the Evaluation of One Health (NEOH) (53) or
the method proposed by Gruel et al. (47).

In the longer term, thanks to the collaborative efforts and
future programs under development, we hope to enhance
linkages with other French, EU, and global initiatives to prepare
for pandemics and zoonosis prevention. Currently, the WNV
surveillance in Guadeloupe is disconnected from the national
level. Indeed, although the French Ministry of Agriculture and
the French Ministry of Health are aware of the results of the
WNV surveillance conducted in Guadeloupe in their respective
animal and human population, other groups involved in the
national WNV surveillance do not know much about WNV
surveillance conducted in Guadeloupe and, more generally in
other French overseas territories. Options to better integrate
WNV information from Guadeloupe at the national level were
discussed like establishing a formal communication between
the WNV surveillance locally and the ESA platform “WNV
group.” Also, developing a surveillance protocol for theWild bird
component and defining the access to the “Epifaune” national

database of the OFB monitoring wild bird mortality (https://
ofb.gouv.fr/le-reseau-sagir) and mechanisms to inform the local
WNIS need to be defined.

WNV is a pathogen that, even if silent in most Latin America
and the Caribbean, is still circulating in the region, with strains
continuously evolving in North America (11). It remains unclear
ifWNV strains are regularly introduced in Guadeloupe or if there
is an episodic circulation of a local strain. In the case of WNV in
Guadeloupe, many of the ecological cycle components have not
been discovered yet, so the findings associated with the WNV
surveillance in all components will be key to understand better
the epidemiology of WNV in the Neotropics.

Also, a big concern within the “One Health” approach, in
general, is a lack of experts in social, legal, and economic
sciences (31). In the WNV surveillance system in Guadeloupe,
not even one social scientist was mentioned or known to be
a part of the system. Besides, the social sciences’ expertise
could be very useful in the future, providing insights into
the population’s needs and how the network can expand and
communicate.When incorporating the human component, there
is a strong connection between social and ecological factors that
can make the difference in disease transmission and be taken
into account while making prevention, control, or surveillance
programs (54, 55). Involving actors belonging to non-profit
or community organizations is vital because they are usually
engaged in programs with the general population. Because of this
interaction, they can act as key actors in creating programs that
may impact health in the region (56). As well, links with policy-
makers would be essential to make long-lasting changes in the
health of Guadeloupe.

Finally, competencies outside the fields of science and
health are an essential addition to “One Health” programs.
Leadership and horizontal management are needed to manage
a broad range of complex issues, to create and evaluate new
partnerships and collaborations, and integrate the knowledge
of various stakeholders. Solution finding techniques, flexibility,
communication skills, team building, and trust development
are capacities that anyone who works in a multidisciplinary
environment needs to practice and develop (57). Often
overlooked, those competencies will have to be considered in
future projects—either through capacity building programs or
recruitments—to sustain the collaborative efforts.

CONCLUSION

This work is one of the first collaborative works paving the
way for subsequent “One Health” research and surveillance
in Guadeloupe. It has started making improvements in
communication and collaboration between actors of the WNV
surveillance system, making actors aware of the existence of
people that currently work in similar fields. With further
improvements and changes to the network structure and
organization, it might become a model of surveillance for
other emerging zoonotic pathogens in Guadeloupe aiming to be
resilient, which means able to respond to a crisis or adapt while
keeping a strong and efficient communication. WNV circulation
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may be difficult to evidence in Guadeloupe, but actors need to
be prepared for future threats of any type. Knowing one another
and being already a part of a multidisciplinary teammight reduce
Guadeloupe’s health vulnerability and make a difference in the
course of a health emergency or an outbreak. Surveillance actors
now have a tool to save time and money while building stronger
relationships and inter-institutional cooperation along the way.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

JP designed, directed, coordinated, and organized all phases of
the project. MG did the Social Network Analysis, interviews,
and data collection from partners. DC and AD developed
the information system and the R Shiny app. NP, LA, AV-R,
and CH-S provided surveillance information and input from
their sectors during the participatory workshops. MG and

JP drafted the article. SL participated actively in the latest
workshops. All authors contributed to the article, discussed
results, participated in the workshops and meetings, and
approved the submitted version.

FUNDING

This work was a part of the MALIN project funded by the
European Union on the Guadeloupe Region under the European
Research and Development Funds (ERDF) 2014-2020 program
(Grant 2018-FED-1084).

ACKNOWLEDGMENTS

The authors wish to acknowledge all the actors of the WNV
surveillance network who were interviewed: Evva Jolt, Jan
Cherdieu (veterinarians), Annie Lanuzel and Hugo Chaumont
(CHU), Anouk Decors, Ronyl Narfez, Stéphanie Desveaux and
Antonny Grolleau (OFB), Cedric Ramdini (ARS) and Jacques
Rosine (Santé Publique France), and Fabienne Barthelemy and
Aurelie de San Mateo (DAAF). The authors wish to acknowledge
Sylvain Falala (INRAE) and Guillaume Cornu (CIRAD) for
their support with R Shiny and Craig Stephen. The work
has been undertaken as part of the One Health Leadership
capacity building program implemented in Guadeloupe within
the Malin project framework. MG benefited from the European
Commission through the Erasmus + programs and the
Infectious Disease and One Health Master.

REFERENCES

1. Reisen WK. Ecology of West Nile virus in North America. Viruses. (2013)

5:2079–105. doi: 10.3390/v5092079

2. Ciota AT. West Nile virus and its vectors. Curr Opin Insect Sci. (2017)

22:28–36. doi: 10.1016/j.cois.2017.05.002

3. Campbell GL, Marfin AA, Lanciotti RS, Gubler DJ, Nile W. West Nile

virus. Lancet Infect Dis. (2002) 2:519–29. doi: 10.1016/S1473-3099(02)

00368-7

4. Maclachlan NJ, Dubovi E. Flaviviridae. In: Maclachlan NJ, Dubovi E, editors.

Fenner’s Veterinary Virology (Burlington, MA: Academic Press). p. 525–45.

5. Gray TJ, Webb CE. A review of the epidemiological and clinical aspects

of West Nile virus. Int J Gen Med. (2014) 7:193–203. doi: 10.2147/IJGM.

S59902

6. Barros SC, Ramos F, Fagulha T, DuarteM, Henriques AM,WaapH, et al.West

Nile virus in horses during the summer and autumn seasons of 2015 and 2016,

Portugal. Vet Microbiol. (2017) 212:75–9. doi: 10.1016/j.vetmic.2017.11.008

7. OIE. West Nile fever. In: Manual of Diagnostic Tests and Vaccines for

Terrestrial Animals (Paris: OIE). p. 1–14.

8. Hubálek Z, Halouzka J. West Nile fever — a reemerging

mosquito-borne viral disease in Europe. Emerg Infect Dis. (1999)

5:643–50. doi: 10.3201/eid0505.990505

9. Rappole JH, Derrickson SR, Hubálek Z. Migratory birds and spread of West

Nile. Emerg Infect Dis. (2000) 6:319–28. doi: 10.3201/eid0604.000401

10. Kramer LD, Ciota AT, Kilpatrick AM. Introduction, spread, and establishment

of West Nile virus in the Americas. J Med Entomol. (2019) 56:1448–

55. doi: 10.1093/jme/tjz151

11. Hadfield J, Brito AF, Swetnam DM, Vogels CBF, Tokarz RE, Andersen

KG, et al. Twenty years of West Nile virus spread and evolution

in the Americas visualized by Nextstrain. PLoS Pathog. (2019)

15:e1008042. doi: 10.1371/journal.ppat.1008042

12. Dupuis AP, Marra PP, Kramer LD. Serologic evidence of West Nile

virus transmission, Jamaica, West Indies. Emerg Infect Dis. (2003) 9:860–

3. doi: 10.3201/eid0907.030249

13. Quirin R, Salas M, Zientara S, Zeller H, Labie J, Murri S, et al. West Nile virus,

Guadeloupe. Emerg Infect Dis. (2004) 10:706–8. doi: 10.3201/eid1004.030465

14. Komar N, Clark GG. West Nile virus activity in Latin America

and the Caribbean. Rev Panam Salud Publica. (2006) 19:112–

7. doi: 10.1590/S1020-49892006000200006

15. Dupuis AP, Marra PP, Reitsma R, Jones MJ, Louie KL, Kramer LD. Short

report: Serologic evidence forWest Nile virus transmission in Puerto Rico and

Cuba. Am J Trop Med Hyg. (2005) 73:474–6. doi: 10.4269/ajtmh.2005.73.474

16. Anthony SJ, Garner MM, Palminteri L, Navarrete-Macias I, Sanchez-Leon

MD, Briese T, et al. West Nile virus in the British Virgin Islands. Ecohealth.

(2014) 11:255–7. doi: 10.1007/s10393-014-0910-6

17. Bolfa P, Jeon I, Loftis A, Leslie T, Marchi S, Sithole F, et al. Detection

of West Nile Virus and other common equine viruses in three locations

from the Leeward Islands, West Indies. Acta Trop. (2017) 174:24–

8. doi: 10.1016/j.actatropica.2017.06.023

18. Lefrançois T, Blitvich BJ, Pradel J, Molia S, Vachiéry N, Pallavicini G, et al.

West Nile virus Surveillance, Guadeloupe, 2003-2004. Emerg Infect Dis. (2005)

11:1100–3. doi: 10.3201/eid1107.050105

19. Reiter P. Weather, vector biology and arboviral recrudescence. In: Monath

TP, editor. The Arboviruses: Epidemiology and Ecology. Boca Raton, FL:

CRC Press.

20. Wiese D, Escalante AA, Murphy H, Henry KA, Gutierrez-Velez

VH. Integrating environmental and neighborhood factors in

MaxEnt modeling to predict species distributions: a case study of

Aedes albopictus in southeastern Pennsylvania. PLoS ONE. (2019)

14:e0223821. doi: 10.1371/journal.pone.0223821

21. Kilpatrick AM. Globalization, land use, and the invasion of West Nile virus.

Science. (2011) 334:323–7. doi: 10.1126/science.1201010

Frontiers in Public Health | www.frontiersin.org 13 June 2021 | Volume 9 | Article 64919079

https://doi.org/10.3390/v5092079
https://doi.org/10.1016/j.cois.2017.05.002
https://doi.org/10.1016/S1473-3099(02)00368-7
https://doi.org/10.2147/IJGM.S59902
https://doi.org/10.1016/j.vetmic.2017.11.008
https://doi.org/10.3201/eid0505.990505
https://doi.org/10.3201/eid0604.000401
https://doi.org/10.1093/jme/tjz151
https://doi.org/10.1371/journal.ppat.1008042
https://doi.org/10.3201/eid0907.030249
https://doi.org/10.3201/eid1004.030465
https://doi.org/10.1590/S1020-49892006000200006
https://doi.org/10.4269/ajtmh.2005.73.474
https://doi.org/10.1007/s10393-014-0910-6
https://doi.org/10.1016/j.actatropica.2017.06.023
https://doi.org/10.3201/eid1107.050105
https://doi.org/10.1371/journal.pone.0223821
https://doi.org/10.1126/science.1201010
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Geffroy et al. WNV Integrated Surveillance in Guadeloupe

22. Cornevin R.Guadeloupe. Encyclopædia Britannica (2018). Available online at:

https://www.britannica.com/place/Guadeloupe (accessed July 20, 2020).

23. Pradel J, Chalvet Monfray K, Molia S, Vachiéry N, Rousteau A, Imbert D, et al.

Risk factors for West Nile virus seropositivity of equids in Guadeloupe. Prev

Vet Med. (2009) 92:71–8. doi: 10.1016/j.prevetmed.2009.07.001

24. Office Nationale des Forets. L’etat de la biodiversité en Guadeloupe. Available

online at: http://www1.onf.fr/guadeloupe/$++$oid$++$640/@@display_

advise.html (accessed July 20, 2020).

25. Pages N, Vachiery N, Lefrançois T, Albina E, Giraud-Girard K, Pradel J.

West Nile virus surveillance in Guadeloupe, French West Indies. In: Chueca

M, Alten Bulent MA, editors. International SOVE Congress. New Technology

Conquering Old Vectors? Palma de Mallorca, Spain (2017). p. 84.

26. Schaffner F. Les moustiques de Guadeloupe (Diptera, Culicidae). Parc

Nationale de la Guadeloupe EID Méditerranée (2003).

27. Levesque A, Jaffard M-E. Fifteen new bird species in guadeloupe (f.w.i.). El

Pitirre. (2001) 15:5–6.

28. Pages N, Vachiery N, Lefrançois T, Giraud-girard K, Albina E, Pradel J. West-

Nile in the Caribbean. In: Xth International Congress for Veterinary Virology.

Montpellier, France.

29. Agence francaise de securité Sanitaire des aliments. Rapport sur la surveillance

de l’infection à virus West Nile en France. Maisons-Alfort (2004).

30. Chaumont H, Roze E, Tressières B, Lazarini F, Lannuzel A. Central nervous

system infections in a tropical area: influence of emerging and rare infections.

Eur J Neurol. (2020) 27:2242–9. doi: 10.1111/ene.14422

31. Lerner H, Berg C. A comparison of three holistic approaches to health:

One Health, EcoHealth, and Planetary Health. Front Vet Sci. (2017)

4:163. doi: 10.3389/fvets.2017.00163

32. Stephen C, Karesh WB. Introduction is One Health delivering results?

Rev sci Tech Off Int Epiz. (2014) 33:375–9. doi: 10.20506/rst.33.

2.2301

33. Stärk KDC, Arroyo KuribreñaM, Dauphin G, Vokaty S,WardMP,Wieland B,

et al. One Health surveillance - more than a buzz word? Prev Vet Med. (2015)

120:124–30. doi: 10.1016/j.prevetmed.2015.01.019

34. Braks M, Medlock JM, Hubalek Z, Hjertqvist M, Perrin Y, Lancelot R,

et al. Vector-borne disease intelligence: strategies to deal with disease

burden and threats. Front Public Heal. (2014) 2:280. doi: 10.3389/fpubh.2014.

00280

35. Amato L, Dente MG, Calistri P, Declich S. Integrated early warning

surveillance: achilles
′
heel of one health? Microorganisms. (2020) 8:1–

10. doi: 10.3390/microorganisms8010084

36. Chaintoutis SC, Dovas CI, Papanastassopoulou M, Gewehr S, Danis K, Beck

C, et al. Evaluation of a West Nile virus surveillance and early warning system

in Greece, based on domestic pigeons. Comp Immunol Microbiol Infect Dis.

(2014) 37:131–41. doi: 10.1016/j.cimid.2014.01.004

37. Paternoster G, Tomassone L, Tamba M, Chiari M, Lavazza A, Piazzi M,

et al. The degree of One Health implementation in the West Nile virus

integrated surveillance in Northern Italy, 2016. Front Public Heal. (2017)

5:236. doi: 10.3389/fpubh.2017.00236
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The concept of Planetary Health has recently emerged in the global North as a concern

with the global effects of degraded natural systems on human health. It calls for urgent

and transformative actions. However, the problem and the call to solve it are far from

new. Planetary health is a colonial approach that disregards alternative knowledge that

over millennia have accumulated experiences of sustainable and holistic lifestyles. It

reinforces the monolog of modernity without realizing that threats to “planetary health”

reside precisely in its very approach. It insists on imposing its recipes on political,

epistemological, and ontological peripheries created and maintained through coloniality.

The Latin American decolonial turn has a long tradition in what could be called a

“transformative action,” going beyond political and economic crises to face a more

fundamental crisis of civilization. It deconstructs, with other decolonial movements, the

fallacy of a dual world in which the global North produces epistemologies, while the

rest only benefit from and apply those epistemologies. One Health of Peripheries is a

field of praxis in which the health of multispecies collectives and the environment they

comprise is experienced, understood, and transformed within symbolic and geographic

peripheries, ensuing frommarginalizing apparatuses. In the present article, we show how

the decolonial promotion of One Health of Peripheries contributes to think and advance

decentralized and plural practices to attend to glocal realities. We propose seven actions

for such promotion.

Keywords: One Health of Peripheries, modernity, coloniality, decolonial turn, health inequities, One Health,

Planetary Health, more-than-human biopolitics

INTRODUCTION

Modernity is a popular concept, often referred to the idea of progress, to positive and
necessary changes to build a better future. Less famous is the critical comprehension of the
modernity/coloniality cultural complex. This is not fortuitous; modernity is a narrative built by
Western civilization to highlight its achievements (rationality, science, and technology) and conceal
its dark side (genocide, expropriation, forced displacement, and exploitation) (1–3).
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This dark side of modernity is coloniality; it is “the
underlying logic of the foundation and unfolding of Western
civilization from Renaissance to today of which historical
colonialisms have been a constituent, although, downlpayed
dimension” (3). Colonialism designates the political, social,
and cultural domination in territories occupied by Europeans,
typical of the period of colonization of America, which, far
from being the discovery of America, was what Dussel called
the discovery of an invasion and framed as the very origin of
modernity (4).

The global South is a metaphor regarding the “field of
epistemic challenges that seek to repair the damage and historical
impacts caused by capitalism in its colonial relationship with the
world” [translation is ours] (5). Therefore, the global South also
includes Northern places. With the epistemologies of the South,
the critiques of modernity cease to be exclusively internal (from
the global North), making the colonial aspects of modern rhetoric
evident (6). The epistemologies of the South show us that beyond
economic crises, dictatorships, and corrupt governments, we are
experiencing a crisis of civilization ofmore than five centuries (7),
with devastating effects on health.

In Latin America, philanthropic support has helped to
mitigate some of the health effects of the crisis of civilization,
transferring small fractions of the wealth of a few rich
philanthrocapitalists to the poorest, without affecting the
consumption and accumulation patterns of the former, and
enabling major transformations in the material conditions of
the latter. This has made it possible to legitimize the elites
and avoid responsibility for the poverty they generate and the
exploitation that underpins the growth of their wealth. The
Rockefeller Foundation’s philanthrocapitalism has been around
since the early 20th century, with strategies to shape the health
professions and structure public health services (8–10).

But such strategies have also generated decolonial health
responses. This is the case of Collective Health (9, 11), Critical
Epidemiology (12), and South-South International Health
(13). However, these responses inherited part of the colonial
anthropocentrism and have treated health as a predominantly
human phenomenon. Other beings appear only as vectors,
reservoirs, or determinants of human health. Notwithstanding,
it is worth highlighting the progress of the Ecuadorian school in
its debates on the social determination of animal health (14) and
animal production management (15).

In the report of The Rockefeller Foundation–Lancet
Commission on Planetary Health, non-human beings appear
within terrestrial systems that only have instrumental value,
due to their role in human health (16). However, animal health
takes prominence in One Health, another approach fostered
by the Foundation. One Health refers to the human-animal-
environmental health interface and has gained popularity for
its convenience to address pandemics, emerging diseases, and
antimicrobial resistance.

Like previous projects of the Foundation, Planetary Health
and One Health can be read as proposals for preserving the
capitalist order in the face of the perceived need for social change.
More specifically, these two approaches pursue the prevention
and control of environmental deterioration and animal diseases

that impact human health, to avoid more instability in the
capitalist order. As might be expected, the colonial aspects of
these proposals have not been unnoticed (17–19), and in this
paper, we will contribute by further exploring those aspects.

One Health of Peripheries is a decolonial response to
experience, understand, and improve the well-being of
marginalized multispecies collectives (20). Baquero presents the
biopolitics, social determination, and field of praxis of OneHealth
of the Peripheries, highlighting the symbolic character of the
peripheries and leaving implicit its decolonial foundation (20).
One of the features that shows this foundation is the opposition
to animalization, a marginalizing apparatus registering non-
human animals and marginalized human groups in colonial
domination spaces that determine epidemiological profiles.

The excess risks underlying peripheral epidemiological
profiles increase the relevance of primary, secondary, and tertiary
prevention, that is, of measures directed at specific factors to (1)
avoid, (2) early detect and treat, and (3) mitigate the effects of
diseases or ill-health. However, the preventive approach is limited
to a negative ontology of health, to the absence of diseases or ill-
health. On the other hand, health promotion works on a positive
ontology, regarding health as a resource and capability to live
well. Despite the overlap between prevention and promotion, as
the first subsumes the second (environmental sanitation prevents
diseases and not having diseases increases the resources and
capabilities to live well), the absence of diseases or ill-health is
not enough in terms of promotion because that absence does not
exhaust the possibility of a better life. Promotion is not restricted
to risk factors or specific problems; it also works on resources
and capabilities.

One Health of Peripheries is inherently preventive because its
field of praxis generates excess risk and disease burden. However,
peripheries are more than collections of risks and injuries; they
have structurally oppressed resources and capabilities, which
the ecology of knowledge can release in a multispecies health
framework. Such release is the task of decolonial promotion of
One Health of Peripheries.

In what follows, we present the myth of modernity and
then continue with the colonial precedents of the Rockefeller
Foundation’s philanthropy and the coloniality in the report of
The Rockefeller Foundation–Lancet Commission on Planetary
Health. After this decolonial turn, we move to the ecology of
knowledge to frame our proposal of decolonial promotion of One
Health of Peripheries. This paper is a continuation of another one
dedicated to introducing One Health of Peripheries (20).

MODERNITY AND COLONIALITY

Modernity designates a political, social, and cultural European
process that in the 15th century allowed the emergence of
capitalism, and since then, its development as a global economic
system (21). Modernity has as a backdrop the idea of unlimited
progress. Economic and social changes promoted by scientific
and technological development promised the construction of
a better future (22). The Eurocentric and colonial character
of modernity has been questioned, particularly by the Latin
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American decolonial turn (23–25). Dussel pointed out two
connotations of modernity: one, primary and positive, that
understands modernity as an effort of rational emancipation
that opens for humanity a new historical development, and
the other, secondary and negative, in which modernity justifies
irrational violence (26). According to this perspective, the
only civilizing possibility for the “barbarian” peoples seems
to be their gradual incorporation into the modern and
Eurocentric project that depends to a large extent on the
epistemological authority and alleged ontological superiority
(racial, ethnic, geopolitical) of the global North (2). The
incorporation to that project (modernization) has not been,
however, an encounter between equals, but on the contrary, a
violent conversion.

This violence, invested with heroism and redemption, marks
the myth of modernity, synthesized by Dussel in seven elements:
‘(1) Modern (European) civilization understands itself as the
most developed, the superior, civilization. (2) This sense of
superiority obliges it, in the form of a categorical imperative, as it
were, to “develop” (civilize, uplift, educate) the more primitive,
barbarous, underdeveloped civilizations. (3) The path of such
development should be that followed by Europe in its own
development out of antiquity and the Middle Ages. (4) Where
the barbarian or the primitive opposes the civilizing process, the
praxis of modernity must, in the last instance, have recourse to
the violence necessary to remove the obstacles to modernization.
(5) This violence, which produces, in many different ways,
victims, takes on an almost ritualistic character: the civilizing
hero invests his victims (the colonized, the slave, the woman,
the ecological destruction of the earth, etc.) with the character
of being participants in a process of redemptive sacrifice. (6)
From the point of view of modernity, the barbarian or primitive
is in a state of guilt (for, among other things, opposing the
civilizing process). This allows modernity to present itself not
only as innocent but also as a force that will emancipate or
redeem its victims from their guilt. (7) Given this “civilizing” and
redemptive character of modernity, the suffering and sacrifices
(the costs) of modernization imposed on “immature” peoples,
enslaved races, the “weaker” sex, etcetera, are inevitable and
necessary’ (1).

Such suffering and sacrifice become less visible in the light
of the seduction that turns modernity into aspiration, rather
than imposing it through systematic and constant repression:
‘colonizers also imposed a mystified image of their own patterns
of producing knowledge and meaning. At first, they placed
these patterns far out of reach of the dominated. Later, they
taught them in a partial and selective way, in order to co-opt
some of the dominated into their own power institutions. Then
European culture was made seductive: it gave access to power.
After all, beyond repression, the main instrument of all power is
its seduction. Cultural Europeanisation was transformed into an
aspiration. It was a way of participating and later to reach the
same material benefits and the same power as the Europeans:
viz, to conquer nature in short for “development.” European
culture became a universal cultural model’ (2). But not everyone
attains the aspiration. The ontological superiority of the myth of
modernity limits material benefits and the exercise of power so

that racial, ethnic, and geocultural attributes frustrate or advance
the aspiration, depending on their configuration (27).

The configurations of these attributes define the place
of hegemonic production of epistemologies of health and,
what is more important, how they materialize in health.
Within modernity, the global North produces epistemologies. In
contrast, the global South is limited to benefit from the transfer
of knowledge or knowledge building within the epistemological
production patterns established by modernity. As we will see, the
global North’s health discourses align with the interests of the
dominant groups of dominant nations, and to the extent that they
neglect the interests of peripheral groups, they induce particular
epidemiological profiles.

COLONIAL PRECEDENTS OF THE
ROCKEFELLER FOUNDATION

Capitalism, made possible by coloniality, generates figures like
the one recently reported by Coffey and collaborators (28): in
2019, the world’s billionaires, just 2,153 people, accumulated
more wealth than 4.6 billion people. In other words, in a world
population of 7.7 billion, the wealth concentrated by 0.000028%
of the population was greater than that of 59.7%. In light of
the so-called Law of diminishing marginal utility, figures like
that make possible the transfer of small fractions of wealth
from the wealthiest to the poorest without affecting the former’s
consumption and accumulation patterns while enabling major
transformations in the material conditions of the latter. On the
one hand, we can see these transformations as philanthropic
successes. On the other hand, as a strategy to legitimize the
elites and avoid responsibility for the poverty they generate
and the exploitation that underpins the growth of their wealth.
The dialectics between both sides reproduces inequalities and
determine conditions of possibility to produce alternatives.

The mentioned transfers can increase the symbolic and
cultural capital of elites and consequently their economic
capital. Moreover, legitimization strategies are also economic
investments. Among the main strategies is the influence on the
educational system to favor the reproduction of the dominant
classes by forming profiles to occupy high positions in the
state bureaucracy and the field of power (9). It was not
by chance that in the early 20th century, the United States’
industrialization allowed the accumulation of great fortunes
and the establishment of influential universities (today leading
prestigious global rankings according to modern criteria), many
of which are partially homonyms with their founders’ magnates
(29). John D. Rockefeller, the first world billionaire and owner
of the Standard Oil Company, contributed to founding the
University of Chicago (29).

According to Vieria-da-Silva (9), philanthropists at the
beginning of the 20th century anticipated a social reform that
they saw as inevitable, investing in scientific approaches to social
issues that did not threaten the capitalist order. The Rockefeller
Sanitary Commission was created in 1909 (The Rockefeller
Institute in 1901 and The Rockefeller Foundation in 1913).
One of its central objectives was the industrialization of the
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agrarian South and its articulation to the capitalist interests of the
North (9).

The Rockefeller Foundation continued to invest and intervene
in the research and development of medicine (9). In 1947, its
official Fred Sopper became director of the Opas, an institution
subordinated to the United States’ health policies and officially
directed from that country until 1958 (9). Only after the Second
War, with the creation of the WHO, the Opas became a
Regional Office of that organization. During the Cold War,
the United States’ foreign policy, in defense of free trade and
foreign investment, involved the creation of a favorable image (9).
According to Tota, Nelson Rockefeller, Coordinator of the Office
of the Coordinator of the Inter-Americans Affairs, contributed to
an explicit project to promote the United States’ image (30).

In the dispute over the monopoly of legitimate healthcare
practices in Latin America, the Rockefeller Foundation’s goal was
to replace the French model (9). In the 1950’s, the Opas was
fundamental to this objective, through its strategies to spread
Preventive Medicine, an ideological movement to protect the
interests of Private Medicine, in the face of two problems: the
increasing cost of Medical Care in the United States and the
possibility of a State intervention (8). These problems already
worried the American Associations of medical colleges, as
Arouca showed (8) by citing Fishbein and Bierring (31): “There is
a special need that the medical profession develops some method
by which the greatest possibilities of modern medicine in the
way of diagnosis, treatment and prevention of diseases, may be
brought within the reach of all people. This function, it is believed,
should be performed by the medical profession and not to any form
of State Medicine” [the original citation is entirely emphasized].

COLONIALITY IN THE REPORT OF THE
ROCKEFELLER FOUNDATION–LANCET
COMMISSION ON PLANETARY HEALTH

The report of the Rockefeller Foundation-Lancet Commission on
Planetary Health maintains the Foundation’s historical concern
with inequality, the health of the poorest, and the environment.
Such insistence is again a colonial proposal for preserving the
capitalist order in the face of the perceived need to avoid
environmental deterioration and its impacts on human health.

Although we discussed some Rockefeller Foundation’s
colonial precedents in the previous section, it is worth noting
that Planetary Health also has precedents omitted in the report
(19). Over the last half-century, integrative medicine, holistic
medicine, and many scholars have talked about the need for a
healthy planet, even using the expression “planetary health” (19).
So in what follows, we continue previous contributions that look
beyond the ahistorical and colonial perspective of the Rockefeller
Foundation-Lancet Commission report (19, 32, 33).

In a typically colonial attitude, the report ignores an enormous
diversity of worldviews that do not separate humans from nature
or think that degrading nature does not affect human health and
well-being. Worldviews with millenary legacies in which it is not
new to think that health and well-being are also nature: “The
importance of the natural environment in supporting human

health and well-being is only becoming clear as the Earth’s systems
are degraded” [emphasis is ours] (16).

How is the modern trajectory of humanity progressing if there
have never been so many victims of genocide, dispossession,
forced displacement, and exploitation? Which humanity is the
one that progresses? The same colonizing and modern humanity
for which there is only one civilization, even though Western
civilization is known to coexist with other civilizations: “Put
simply, planetary health is the health of human civilization and
the state of the natural systems on which it depends” (16).

It is not the humanity of backward and irrational peoples
with visionary healers. It is rational humanity with visionaries
from the global North: “[. . . ] Tony McMichael whose visionary
book Planetary Overload, published more than 20 years ago,
presciently addressed many of the issues that confront the world
at present” (16).

The previous decolonial reading of the report does not imply
its total rejection. The problems pointed out by the Commission
must be solved, and it is pertinent to evaluate the attempts at
resolution, for which, as the Commission indicates, quantitative
indicators are helpful. But these should be used considering their
different implications.

Let’s look at two examples from the report. Between 1990
and 2012, the percentage of stunted children decreased from
50 to 30%, a significant advance in relative terms. However,
in absolute terms, this reduction represented an increase of 14
million children, a number only exceeded by the total population
of 7 European Union member states in 2011. Overall, there were
58 million children—predominantly from the global South—
stunted in 2012, a number surpassed only by the population size
of 4 European Union member states in 2011. Thus, in its absolute
and relative version, a numerical indicator tells different stories
that must be considered in a critical and integrated way. In the
global South, it is no progress to have millions of additional
stunted children, while wealth concentration in the global North
continues. Moreover, relative indicators fuel a discourse of hope,
of the possibility of unlimited “progress,” causing increasingly
smaller proportional damages.

The other example regards reducing the percentage of people
in extreme poverty during the last two centuries. This reduction
represents important improvements in the well-being of those
who come out of extreme poverty. However, when the threshold
is USD$1.9/day, those who survive on USD$2/day are not in
extreme poverty. Who decides that surviving on USD$2/day
(or on USD$50/day, in a state of frequent frustration at
trying to satisfy manufactured consumer needs) is not a state
of extreme poverty? Analyzing thresholds together with the
underlying distribution allows comparison all individuals of the
population. Otherwise, only mentioning the reduction in the
fraction or number of individuals within unfavorable categories
may conceal that changes occur in intervals far from thresholds
that decision-makers would accept for themselves in the
global North.

Thresholds help to identify limits from which damages
become irreversible: “Action has to be taken before irreversible
changes in key Earth systems occur, which will require
decision-making under uncertainty (panel 13) about the critical
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thresholds or rates of deterioration of these systems” (16). In
this sense of warning of catastrophes, thresholds are helpful
to raise awareness and generate changes. However, at the
same time, they can promote policies of acceptable minimums
to avoid only irreversible changes instead of promoting
multispecies flourishing.

Policies of acceptable minimums are symptomatic of crisis
that leads not to crossing or scarcely crossing minimum
thresholds. A crisis that, when it becomes persistent, ceases to
be explained and becomes an explanation (34). Thus, a previous
level of causality that perpetuates the status quo is lost. This is
evident in the report, in its fragmented descriptions of the threats
to Planetary Health. For example, it presents changes in land
use as a human action on the “environment”, with deleterious
effects on health, without considering their causes (16). From
the perspective of One Health of Peripheries, the problem
to solve resides in the capitalization of land that generates
forced displacement of millions of people and animals, reduces
biodiversity, and worsens the climate crisis.

The report identifies several causes of deterioration in health,
and we agree with that identification. Our critique here is
about the omission of previous causal levels. We also agree
with the report in other points: the inconvenience of GDP
as a measure of progress; technological improvements are not
sufficient to reduce the environmental footprint because they
can stimulate consumption and increase the footprint (rebound
effect); governance transformations are necessary. We agree with
a good part of the key messages and the conclusions. Our
disagreement is, as shown by the previous decolonial viewpoint,
in the interpretation of these messages and in the premises
of the conclusions. From our reading, the report’s proposal is
convenient to preserve the status quo that makes the health of
the planet ill.

The report calls for price stability and malnutrition
management to fight hunger but not for food sovereignty
and security: “[E]nsure stability of food prices and protect
the vulnerable from variability that does occur; and tackle
malnutrition” (16).

Again in a context of hunger, the proposal is to improve
the access of the poor to technology to reduce inequalities,
without discussing the control of technology or technological
benchmarks; thus, helping oligopolies of the technology market
to have more clients: “If these [modern] technologies are to
make a useful contribution to the reduction of global hunger
they have to both protect the environment and be accessible to
farmers in low-income settings, otherwise inequities will persist
and increase” (16).

In modern-colonial logic, it is essential to maintain
epistemological hegemony. Those who do not exercise that
hegemony must support it to benefit from it: “But to have a real
effect, and to change the trajectory of planetary health, these local
movements will need coherence, organization, and solidarity
with the scientific and health communities” (16).

Those who exercise it have a voice and can be even more
influential with the support of those who do not have voice:
“The scientific and health communities, in turn, will be much
more successful in influencing decision-makers who are feeling

pressure for change from their constituents than they would
without the support of civil society” (16).

In the medical care cost crisis, Private Medicine was clear
and explicit in its intention to maintain the hegemony and avoid
the participation of State Medicine (see the previous section).
Similarly, the Rockefeller Commission is clear and explicit in its
intention to maintain a top-down logic in which the owners of
economic and scientific capital reserve for themselves the right
to decide what is relevant: “Research funders and the academic
community frame what questions get asked by scientists and
can steer development of new ways of addressing major gaps in
knowledge, scientific awareness, and academic focus” (16).

It is the modern logic imposed over centuries that says
(note again the use of acceptable minimums and the meaning
of acceptance): “At present trends, even with optimistic
assumptions, the eradication of poverty (with a poverty line
income of USD$5/day per person) will take 200 or 100 years for a
poverty line of USD$1.25/day” (16). So there is nomuch to expect
from modern trends.

It is necessary to overcome the modern crisis of
civilization, starting from the first challenge identified in
the report: “conceptual and empathy failures (imagination
challenges)” (16).

ECOLOGY OF KNOWLEDGE

The previous decolonial reading of the report, pointing to some
of its possibilities, limits and obstacles, commits us from the
global South to understand deeper causal levels and transform
the current relationship between nature, health, and society.
One possibility, not only alternative but above all critical, is the
“ecology of knowledge” proposed by Santos, framed in what he
calls “epistemologies of the South,” that is, the claim of the global
South for “new processes of production, of valuing scientific
and non-scientific valid knowledge, and of new relationships
between different types of knowledge, based on the practices of
the classes and social groups that have suffered, in a systematic
way, destruction, oppression, and discrimination caused by
capitalism, colonialism, and the naturalization of inequality”
[translation is ours] (35).

According to Santos, non-Western forms of thought have
been treated in an abyssal way by hegemonic modern Western
thought, referring by abyssal to visible and invisible distinctions
that divide social reality into two universes: one on this side of
the line—the modern Western societies—and the other beyond
the line—the colonial societies (35). For instance, in the field
of modern knowledge, the visible line separates science from
philosophy and theology, establishing the superiority of science
through scientific criteria instead of reason or faith. The invisible
line divides these types of knowledge from indigenous, popular,
and other types of knowledge. The universe on the other side
of the line disappears as reality. It becomes non-existent (in
the sense of irrelevant and incomprehensible), radically excluded
because it is beyond the universe of what the accepted conception
of inclusion considers to be its other. In colonial societies,
appropriation and violence segregate multispecies collectives,
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that is, subjects, nature, bodies, and knowledge that are on the
side of denial (35).

Western modernity eliminates any reality that is on the other
side of the line. Everything that does not fit in true-false or
legal-illegal axes occurs in colonial zones (35). The abyssal lines
are constitutive of the political and cultural relations based
on the West and the interactions in the modern world-system
(35). Thus, disqualification of non-modern knowledge globally
underscores social and cognitive injustice.

By bringing these elements into the discussion about Planetary
Health and One Health as alternatives for understanding and
transforming the current relationship between nature, health,
and society, the ecology of knowledge or post-abyssal thinking
invites us to reflect and ask ourselves, among other things:
if appropriation and violence established colonial societies,
how can we now receive these philanthropic proposals under
conditions of equality and justice instead of modernization
imperatives? How to move toward a true post-abyssal thought?

Post-abyssal thinking takes the perspective of the other side
of the line “precisely because the other side of the line has
been the realm of the unthinkable in Western modernity”
[translation is ours] (35). Post-abyssal thinking is learning
from the epistemologies of the South, which confronts the
“monoculture of modern science” against the ecology of
knowledge. It frames science as one among many plural
knowledge constituents, making possible a counter-hegemonic
science to support marginalized multispecies collectives in their
fight to get out of peripheries.

What is at stake is not only an abstract cognitive justice. The
ecology of knowledge revalues the concrete interventions that
different knowledge can offer (35). In it, knowledge hierarchies
are context-dependent and not universal.

The ecology of knowledge invites us to build “an alternative
of alternatives” based on permanent epistemological surveillance
and intercultural translation. An alternative to avoid that
Planetary Health, One Health, or any other approach become
a renewed version of abyssal thinking, a softened revision
of coloniality. From the ecology of knowledge we can stand
against marginalizing apparatuses that create peripheries, unjust
epidemiologic profiles, and only accept epistemologies of health
from the global North.

THE DECOLONIAL-COLONIAL AXIS IN
WHICH ONE HEALTH OF PERIPHERIES
MUST BE PROMOTED

There are health-promoting indigenous lifestyles that serve as a
reference to promote health in non-indigenous spaces. However,
the adaptation of indigenous knowledge and experiences to
non-indigenous peripheries leads to other types of practices
(for instance, the Yanomami’s respect and cultivation of edible
mushrooms can inform agroecological practices but not simply
scaled to supply the urban demand for such edibles). Not
recognizing this transformation opens up colonizing possibilities
that are counterproductive to health promotion. Globalization
makes all locals contribute in some way to the reproduction of a

colonial structure. Therefore, any place of decolonial resistance
also has a colonial side, no matter how small. From this
situation, one of the tasks for the decolonial promotion of One
Health of Peripheries is to deconstruct, through the ecology
of knowledge, the marginalizing apparatuses underlying health
inequities suffered by multiple species (20). These are the issues
addressed in this section.

In One Health of Peripheries, the peripheries are a
symbolic category expressed in epidemiologic profiles (20).
The global South is a heterogeneous geopolitical periphery
within that category. Its health dimension has been theorized
and transformed by Latin American Social Medicine since
the 70s, and nowadays in the form of Critical Epidemiology,
Collective Health, and South-South International Health. In a
broader scope, this periphery, the global South, has promoted
worldviews and lifestyles that in current rhetoric could be
deemed sustainable, healthy, and instances of good living (36).

The indigenous worldviews and lifestyles, as well as the
initiatives that have been based on them in the attempt
to transform the institutional arrangement established and
maintained by modernity, serve as a reference to promote One
Health of Peripheries. Take good living (buen vivir) as an
example, a concept from the Aimará suma qamaña and the
Quechua sumak kawsay, incorporated in the constitutions of
Bolivia and Ecuador (36). Although a discussion of good living
is beyond the scope of this manuscript, we stress that in its
generality it is a holistic proposal of collective-care exercised by
a plural totality in which local communities are not peripheral
(36). On the contrary, Planetary Health aims to control natural
systems and keep the global South in a subaltern position. In it,
the only allowed aspiration is to benefit from the epistemological,
scientific, and technological transfers of the global North.

In institutional terms, the meaning of good living has been
substantially transformed. Ecuador and Bolivia incorporated
the concept in the constitution in 2008 and 2009, respectively,
and just this by itself is a symbolic recognition of indigenous
peoples. However, Solón point that in practice the recognized
rights to nature and Mother Earth ended up being secondary to
extractivist interests; the rhetoric of good living began to coexist
with income redistribution policies that supported capitalist
interests, allowed for the growth of oligopolies and encouraged
patronage with some indigenous sectors (36). Paradoxically,
under an indigenous government, it was possible to increase the
acceptance of the modernization rejected for centuries, and the
percentage of people who consider themselves indigenous fell
from 62 to 41% between 1990 and 2013 (36). This experience
of good living institutionalization shows that despite the marked
differences between projects with opposite origins in the
decolonial-colonial spectrum, the distance between discourses
and implemented practices affects both poles of the spectrum.
Contamination between the poles gives rise to the body of
the spectrum.

The promotion of One Health of Peripheries must recognize
and anticipate the distance between discourses and practices
and the contamination between the decolonial and the colonial.
Thus, it is convenient to consider the historical-social processes
that produce and reproduce social organization levels and
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their corresponding epidemiological profiles. Following Samaja
(37), individuals are in the lower social organization level,
and the world-system is in the upper level. Between the
two, there are several levels (family, community, political-
administrative territorial divisions, contractual associations,
and other institutions). Upper levels reproduce themselves by
regulating the lower, but this regulation is not all-encompassing,
allowing lower levels to produce partial changes in upper
ones (37). The upper level reproduces a colonial structure
through the regulation it exercises in lower levels, and these
can partially change that structure through decolonial practices.
This is the so-called social determination framing collective
health epistemology, and as it has unavoidable multispecies
dimensions, it also frames One Health of Peripheries (20). The
promotion of One Health of Peripheries must occur in such
dialectical movement, noting that partial decolonial changes
means partial reproduction of coloniality. Such decolonial-
colonial contradiction does not spare One Health of Peripheries,
so proposals of promotion must take it into account to better
match discourses and material possibilities.

The set of practices exercised from a given position has
decolonial and colonial elements instead of decolonial or colonial
elements. So indigenous good living and the neoliberal rhetoric
of good living differ in the direction and intensity of bias
toward the decolonial-colonial extremes. Similarly, collective
health education programs are not totally different from colonial
higher education or Preventive Medicine in its colonial origins.
The degree of difference depends on how close they get to the
respective extremes.

The conditions of possibility of the peripheral cartography
(20) also condition the decolonial promotion of One Health of
Peripheries. Exercising such promotion from within and outside
that cartography challenges the center-periphery distinction
through social determination movements. It is a utopian
and dialectical promotion that, by centralizing peripheries,
somehow reinforces the mentioned distinction and creates other
peripheries. It is a glocal movement between localization and
globalization (38).

So far, it may not be clear why it is convenient to add “One”
to “Health of Peripheries.” It might well be Planetary Health
of Peripheries to highlight the glocal movement between the
global (planetary) and the local (peripheries). One Health is a
conceptual framework that, like PlanetaryHealth, brings together
statements in favor of health for all, but in practice reinforces
the myth of modernity. In fact, One World One HealthTM is
a registered trademark, created from the Wildlife Conservation
Society conference, established in 2004 at Rockefeller University
(39, 40). The colonial venue for the event may seem like an
isolated event that does not link the Wildlife Conservation
Society to coloniality. But suffice it to remember that at the
time of Rockefeller institutions’ foundation, the Bronx Zoo was
exhibiting Ota Benga (the young Mbuti from what is now the
Democratic Republic of the Congo). The Wildlife Conservation
Society waited until 2020 to issue a public apology for its
responsibility in the exhibition and the position of two of its
founders, Madison Grant and Henry Fairfield Osborn, who were
also founders of the American Eugenics Society and stood in

favor of defendants in the Nuremberg trials (41). Unfortunately,
the apology did not entirely reproach the colonial tradition
of exhibiting other animals, perhaps mistaking exhibition as a
necessary condition for wildlife conservation. They did not see
anything wrong with exhibiting Ota Benga a century ago, and
now they do not condemn the same practice with nonhuman
animals. Hopefully, they will not need another century to abolish
that practice.

In light of the colonial roots of One Health, which goes
beyond what we briefly outlined (18), a decolonial proposal based
on the One Health concept may seem contradictory. However,
it is worth noting that One Health of Peripheries gives other
meanings to One Health (20) and metabolizes contradictions
through its social determination and the ecology of knowledge.
Decolonizing One Health adds plurality to the Latin American
health movements, thus increasing the strength and resilience of
decolonial resistance.

In One Health, health is more-than-human, and it involves
three inextricably related domains: human health, animal health,
and environmental health (42). This differs from Planetary
Health in which health is human and natural systems have
instrumental value as determinants of health (16); the value of
animals is instrumental to the extent that they contribute to
the maintenance of natural systems favorable to human health.
In One Health approaches, animals are also predominantly
instrumental to human health (42); however, they appear as
carriers of health, and animal health takes a fundamental role in
a health that is not just human.

Biomedicine does not question the existence of
physiopathological processes in animals in the same way that
epidemiology does not question the existence of transmission
dynamics between animals or between animals and humans.
As any other species, humans have similarities and differences
with the individual and population biological processes of
health-disease of other species.

The attribution of lower moral status to non-human animals
for the simple fact of not belonging to the human species
(speciesism) is as arbitrary as giving less value to some humans
because of the race or gender attributes tied to them [racism and
sexism] (43). Attempts to justify the inferior status of animals
sometimes base arguments on the greater cognitive capacity
of humans. However, many animals surpass the cognition of
severely disabled humans, leading to justifications of moral
differentiation in which not all humans are of equal value
and some are of less value than many animals (43). Based on
different criteria of cognitive capacity, the moral justifications
to completely separate human beings from the rest of the
animals are also problematic, revealing what Agamben calls
the anthropological machine, an inclusion-exclusion apparatus
to separate humans from other animals, that the more it is
renewed in the attempt to eliminate aporias, the more it reveals
its arbitrariness and contradiction (44).

The distinction between humans and non-humans is a
marginalizing apparatus in the service of domination. It
is a central dichotomy of modernity (45) through which
dehumanization/animalization is all the more, the greater the
distance of a being from the Western heterosexual male referent.
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It is epistemic violence that marginalizes humans, denies the
subjectivity of other animals, and reconfigures animality as
black, indigenous (45), female, and not heterosexual. In other
words, it is more than human violence, with victims of multiple
species. Animals are animalized insofar as they are inscribed in
such animal space of colonial domination (45). The animalizing
apparatus is also applied through colonial health practices that
legitimize domination and represent it as a benevolent act.

In his analysis of 19th-century slave farms in Cuba, Camacho
describes how Chateusalins, in his Vademecum of Cuban
landowners, recommended masters of female slaves “to avoid
giving them a harsh treatment,” to give them “better food than
before” and to “protect them with delicacies and concessions to
encourage them to preserve the product of their conception and
raise their little offspring” [translation is ours] (46). In order to
convince the masters, Chateusalins stated: “I know that in all
farms where it reigns goodness and sweetness and attentions
of the masters toward the blacks, there are many happy blacks
whose mothers express their happiness in their singing and
smiling faces [...] We have seen the books of gains and losses in
which it appears that far from suffering a loss of 5.5%, which is
what is generally calculated in this class of farms, it has been,
on the contrary, an increase from 4.5 to 5.5%, which shows the
advantages that the careful treatment given to blacks brings with
it” [translations is ours] (46).

This production-health binomial was framed in what we
might understand as an epidemiological-zootechnical approach
for slave control. Compartmentalization of facilities; populations
divided according to demographic criteria of productive
and reproductive interest; classification and monitoring
of morbidity and mortality; prevention of communicable
diseases; reproductive selection (genetic improvement); hygiene,
nutrition, socialization, and other generic practices to reduce
losses of biological capital [see the documented analyzes of such
practices by Smithers and Camacho (46, 47)].

The rationalizing discourse of such an approach—statistics,
efficiency, evidence—sought above all productivity, adding value
to animalized commodities. The slaves were objects of knowledge
and professional practices (medicine, statistics, anthropology)
that produced “truths” on which the political and economic
regime of the plantation depended (46). However, behind the
pretense of truth and rationality, there was prejudice and
contradiction. As shown by the Camacho’s analysis of the
medical anthropology of Dumont (48), the medical literature
provided descriptions of the black race as “prone to contracting
several diseases,” while the anthropological one contributed
with assertions of the type “lazy by nature,” “all blacks are
polygamous,” “all are fetishists” [translations are ours] (46). On
the other hand, the prescriptions of kindness and attention to the
“human” needs of the slaves ironically opposed animalization,
but this did not prevent its practice. The concern with the
health of the slaves was a concern to maintain the profitability
of their bodies and prevent them from transmitting diseases
to the masters and their families, whose health did have value
in itself. The epidemiology and zootechnics of slaves coexisted
with torture practices to make them docile; their affections
were irrelevant, except as instruments to increase productive

and reproductive performance, through persuasive practices also
reported in the medical literature (46). The advertisements
of slaves with specific phenotypic characteristics and of drugs
authorized by the government against diseases affecting slaves
(46) showed how animalization was naturalized and legitimized
by the State, the media, and the knowledge produced by
epistemic authorities.

In essence, the discourse of slaves epidemiology and
zootechnics is equivalent to the contemporary discourse of
animal production epidemiology and animal science. Similarly,
within animal welfare science we find benevolence narratives
that legitimize livestock exploitation and add value to live
commodities. In both cases (slaves and livestock), oppressive
relationships are naturalized, and the better performance of
productive and sanitary parameters serves as an indicator of
improvements in well-being.

By deconstructing marginalizing apparatuses and giving rise
to multispecies collectives in which the other is not a commodity
and its subjectivity is cared for and respected, the possibilities of
promotion cease to be variations of degree within a restrictive
peripheral space and become variations of kind. Thus, abolishing
slavery is a leap of promotion, allowing lifestyles—processes,
capabilities, and health conditions—unattainable through the
health practices restricted to the periphery of slavery. As health
is inherently determined by value judgments, problematizing
these judgments is essential to break the margins that limit the
promotion of One Health of Peripheries.

SEVEN ACTIONS OF DECOLONIAL
PROMOTION OF ONE HEALTH OF
PERIPHERIES

The Ottawa Charter [see in McPhail-Bell et al. (49) a postcolonial
critique of the Charter] proposed five actions to promote
health: (1) build healthy public policy; (2) create supportive
environments; (3) strengthen community actions; (4) develop
personal skills, and; (5) reorient health services (50). Redefining
and complementing these actions with another two lead to
the promotion of One Health of Peripheries: (1) deconstruct
marginalizing apparatuses; (2) enrich the ecology of knowledge;
(3) build healthy multispecies public policy; (4) create supportive
environments; (5) strengthen multispecies community actions;
(6) develop individual capabilities in multiple species, and; (7)
reorient multispecies health services. The deconstruction of
marginalizing apparatuses is transversal to the other actions, and
in that sense, we do not need to include it as a separate action.
However, we can do the same with the others. Although one
is transversal to the others, its explicit recognition reinforces
its importance.

The seven actions require overcoming the primary challenge
identified by the Lancet Commission on Planetary Health:
“conceptual and empathy failures (imagination challenges)” (16),
something particularly challenging within coloniality. However,
for the very same reason, they contribute to the decolonial turn.
A turn that requires imagination and multispecies empathy, and
might be seen as a turn from Capitalocene to Chthulocene [see
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in Haraway (51) a discussion of the Anthropocene, Capitalocene,
and Chthulocene].

Despite the difficulties in promoting One Health of
Peripheries, there are precedents for each of its seven actions.
The first action deconstructs marginalization from a health
perspective and finds support in the more-than-human
sociology (52–55), anthropology (56), biopolitics (44, 57, 58),
critical studies (59), social work (60, 61), theories justice (62–64),
and moral philosophy (65, 66) to name a few areas. The second
action opens space to the epistemologies of the indigenous
and non-indigenous global South (5), remembering that for
the holistic sustainability “discovered” by Planetary Health,
there are indigenous versions with centuries of successful
experiences and that animalization is a colonial apparatus that
oppresses human and non-human animals. Albeit insufficient,
there is already public policy support for living cities (67),
biodiversity and indigenous territories. More-than-human
theories of labor (63), food sovereignty and security, sustainable
agriculture, response to disasters, and degrowth perspectives
can strengthen and expand this type of policies (third and
fourth action). Moreover, participatory policies exist in various
settings, community practices abound in the global South, and
animal and environmental activism has been growing. This
gives practical support to multispecies intersectionality (20, 68),
from which the fifth action can be worked out. An outstanding
theoretical framework of justice is that of capabilities, already
elaborated by Nussbaum to consider disability, nationality, and
non-human animal species (62). Therefore, the sixth action,
which in the version of the Ottawa Charter (fourth action)
might seem applicable only to humans, has a robust theoretical
support to consider peripheral subjects of different species. Even
the seventh action has precedents. In Brazil, for instance, the
Unified Health System (national health system), in addition to
having units dedicated to the epidemiological surveillance of
zoonoses that also promote responsible care for animals, has
dependencies dedicated to the health and protection of domestic
animals. These dependencies have specific attributions regarding
rescuing, sheltering and adoption, population control, and
administration of veterinary hospitals offering free services (69).
Undoubtedly, some of these precedents need reassessments and
sound plural participation to preclude or stop being stratagems
at the service of non-collective interests. But at the same time,
they are precedents that in some way have locally fractured
peripheries-making margins.

CONCLUSION

Coloniality did not end with colonialism, and the myth of
modernity is at the kernel of the crisis of civilization we are living.
Philanthrocapitalism allows material gains that significantly
improve the livelihood of the poorest because they are in
conditions in which small aids make a big difference, even if
they continue in poverty. Those improvements are convenient
to legitimize vast accumulations of wealth by a few rich

philanthropists and massive deprivation suffered by billions (in
2019, the wealth concentrated by 0.000028% of the population
was greater than that of 59.7%). Philanthrocapitalism in health
has been a strategy to reinforce colonial epistemology and favor
the interests of the global North, dictating what should be
understood by health, how health problems should be solved,
and how people should live to avoid them. The Rockefeller
Foundation has been an icon of philanthrocapitalism, shaping
Latin American health through public policy, education, and
research. One of the Foundation’s recent proposals is Planetary
Health, also framed in the rhetoric of the global North.

The ecology of knowledge, with its intercultural translation,
is a response from the global South to repair the damage of
coloniality. It encompasses indigenous and popular knowledge,
Latin American health movements, and the counter-hegemonic
use of science. It can also make counter-hegemonic use of
Planetary Health and One Health. An example of such use is
One Health of Peripheries, at the same time a reconfiguration
of One Health and Latin American health movements, strongly
opposed animalization, that is to say, to the colonial space
oppressing animals and peripheral human groups. Extending
the scope and the meaning of the Ottawa Charter proposal, the
decolonial promotion of One Health of Peripheries comprise
seven actions: (1) deconstruct apparatuses of marginalization;
(2) enrich the ecology of knowledge; (3) build healthy
multispecies public policy; (4) create supportive environments;
(5) strengthen multispecies community actions; (6) develop
individual capabilities in multiple species, and; (7) reorient
multispecies health services.
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Most people consume animal foods, for example meats, but few are concerned with

the quality and origin of these products. Many studies point out hygiene problems of

these foods after production; however, the lack of knowledge of the consumers of

animal products about the importance of hygienic-sanitary control during the production

process can lead them to a bad choice when buying these products and, consequently,

expose themselves to the risk of acquiring many diseases, such as zoonosis. In this

perspective, the objective of this work is to reflect about the consumers’ role in the

production of safe food of animal origin and to show that the population’s health

education is necessary and urgent. Only by helping the consumers to obtain knowledge

about the production of animal products origin will there be a change in consumption

habits, preventing the ingestion of contaminated foods that can cause damage to human

health and to the environment, consequently, promoting one’s health.

Keywords: food, zoonosis, health, education, animal products

INTRODUCTION

Protein from animal sources, especially meat, is an important source of nutrition for many people
around the world, and to produce them in a sustainable way is one of the challenges in the
coming decades (1). Foodborne diseases are a serious global health problem (2), and in developing
countries, most people are not concerned about the norms in the processing and packaging of the
food (3) that they will consume and/or offer to other people to eat (4, 5). Due to this carelessness
or lack of knowledge about safety production and handling of food of animal origin at the time of
purchase, people do not know whether they are buying clandestine or manufactured products that
have a good hygienic-sanitary standard supported by legislation and guarantee safe consumption.

Some questions about food of animal origin are important and should be considered at the time
of purchase or consumption, such as what would be the origin of the food that I am buying? Do I
search and know how to identify in the label if the products of animal origin have been inspected
and produced by hygienic-sanitary standards? Would I buy the product if I knew that it is harmful
to health and to the environment just because it is cheaper? Do I know the diseases that I can get if
I consume a contaminated product from animal sources?

Unfortunately, most people do not have the answer or the habit of thinking about these
questions, mainly in developing countries. In Latin America, there are many researches related
to the profile and behavior of the consumer of food from animal sources, and it showed that most
of the people do not worry about the animals’ sanitary conditions and the good hygienic practices
during the production process (2, 4–10). They care most about the color, tenderness, and price of
the food, and in some regions, it is explained by the low education of the population, including
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people who are analphabet (4). In Brazil, a study about consumer
perception of risks associated with food, safety and traceability
showed that some consumers are concerned about health risks
linked to animal products, but they have a wrong idea about
the concept of hygienic-sanitary factors, as could be seen in the
phrases like “A product that is not so perishable, such as honey,
could buy both from the farm and from the supermarket, as it
does not offer such a great risk” and “the cheese on the farm tastes
better than the supermarket” (6). Therefore, if the consumers do
not know about the hygienic and sanitary aspects of the food of
animal origin that they will eat, will the producers and farmers
really do care about it?

In addition to the lack of knowledge, the consumers are also
false-information hostages about the product they will purchase
and/or consume (6, 10) and end up not making the best choice
at the market. Disinformation is often spread by famous digital
influencers (11) who are not experts in the production of food of
animal origin. This lack of scientific knowledge of the consumers
ends up harming their own health and the economy, because
in addition to running the risk of eating contaminated food,
many also stop eating meat and other animal products due to the
negative influence of lay people on the subject or motivated by
ethical and moral issues, like their own beliefs in animal welfare
and environmental impact of production systems (10, 12, 13).

Thus, the objective of this work is to reflect about the role
of the consumers and producers in the production of safe food
from animal sources and to show the necessity and urgency
of education on health, and to have changes in people’s beliefs
and consumption habits. Thus, it will help people to know
more about the proper production of food of animal origin and,
consequently, to choose better products at the time of purchase,
thereby preventing the ingestion of contaminated foods that can
cause human diseases and promoting producers to have good
manufacturing practices, promoting one’s health.

HYGIENE

Basic personal hygiene habits, despite being simple, still are
extremely important and must be acquired in childhood because
children, besides growing up with these habits, are good
disseminators of information to other people (14). The new
Coronavirus pandemic highlighted the importance of hygiene
habits in early childhood education (15). A primordial habit
to produce food safely is to wash hands properly, especially
before handling (3, 16). Food handlers are often associated with
foodborne disease outbreaks and are estimated to contribute 7–
20% of the outbreaks (17). Improper poor personal hygiene of
food handlers contributes most to disease incidence (16).

Personal hygiene habits are also different between genders,
since men are less likely to wash their hands after going to the
bathroom than are women (17). This is an important data for
producers of food of animal origin, because most people who
work in the production area aremen, as shown in a researchmade
in Brazil about employment and occupational accidents in the
slaughterhouse (18). The simple act of washing hands can prevent
many diseases carried by food (16, 17).

Another bottleneck is in practicing hygiene during the
production of food from animal sources (19), that is, whether
the producers are practicing correct sanitation as regards the
environment, the equipment, and the materials to not allow food
contamination (3, 17). The use of potable water and the constant
monitoring of its quality in food manufacturing are extremely
important (3, 17) but are largely overlooked by consumers.
Imagine if the cheese you eat was made with water from a river
polluted by sewage, would you eat it?

Some people in developing countries eat fecal bacteria for
a long time, and people and the municipal government do
anything to change it, as shown in the state of Sergipe in
Brazil. In 2008, a study showed the results of the analyses
of 60 rennet cheeses commercialized in Aracaju city; the
samples presented Salmonella spp. (26.7%), coagulase-positive
Staphylococcus (46.7%), total coliforms (93.3%) with values from
8.0 × 102 to 1.23 × 104 NMP/g, and thermotolerant coliforms
from 2.72 × 102 to 1.12 × 103 NMP/g (20). In 2019, another
research was carried out in the same city with 18 rennet cheeses in
which, after 11 years, the cheeses continued to be commercialized
with coliforms (3.8 × 103 and 1.1 × 107 CFU/g), Staphylococcus
spp. (8.0× 102 to 1.2× 106 CFU/g), S. aureus (50%), pathogenic
E. coli (16.67%), and Salmonella (5.55%) (21).

Other factors, such as technological ones, also help in
preserving perishable products, for example the room’s
temperature control (3, 16, 19). Together with the poor personal
hygiene of food handlers, improper holding temperature also
contributed most to disease incidence (16). Commonly, the
researchers are concerned about the hygienic conditions of
the products during or after the sale (3, 16), which can also
beget foodborne diseases due to incorrect handling (2), but it is
substantial to care about the flowchart production before the sale
too. Thus, it is important to use the farm-to-fork strategies to
produce hygienic food and to keep the consumers and the planet
healthy (17).

All details, even the minute ones, must be carefully considered
to produce food from animal sources safely. For this reason,
there are quality-control programs in industries, such as good
manufacturing practices (GMP) and hazard analysis and critical
control points (HACCP) (17, 19, 22), that allow the organization
and standardization of the production. Hence, it ensures equal
hygienic and sanitary conditions during the manufacturing
process, and it allows the identification of probable dangers
to reduce them to acceptable levels or cut them out (17, 19).
However, few people know about these programs, and they are
not present in the clandestine production of food from animal
sources. The illicit food process is totally disorganized and dirty,
leaving out the conduct of some (or several) precautions and
allowing the contamination of the food produced (23) (Figure 1).

ANIMAL HEALTH AND WELFARE

To produce food safely for human consumption, another
bottleneck is in selecting healthy animals. Most people know
that veterinarians work at farms, but they do not know that
these professionals must be present in food industries also.
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FIGURE 1 | Absence of quality-control programs of a clandestine bovine

slaughter, showing a disorganized, and dirty production (24).

Inside the slaughterhouse, the veterinarians are responsible for
the inspection of the animals (25), and if the animal or the
carcass shows any sign of disease or contamination, they will
determine if the meat could be eaten, if it needs to be processed
(25), for example by heat or salt treatment (17), or if it shall be
condemned totally, preserving people’s and environment’s health.
At clandestine slaughterhouses, the animal health status is not
identified (23).

In Brazil, even though the federal inspection registration of
the food from animal sources was considered important by the
interviewees in a city of Piauí state at the time of purchase,
the carcasses do not go through any type of inspection. Due to
lack of options, most interviewees buy pork meat in butchers
with precarious hygienic conditions, in direct contact with
microorganisms in the environment and objects, without any
type of refrigeration, and at the end of the day, the meat goes to
the freezer (12).

Animal welfare is an important issue that is being increasingly
expanded in the world, but it still needs to be more divulged. In
Mexico, people conveyed a high level of empathy with animal
feelings and emotions; however, they clearly demanded more
information and regulations related to farm animal welfare
(4). The Mexican consumers mostly agree that animal welfare
should be part of the teaching education programs in primary
schools (4). Some Brazilians believe that pigs go through all
kinds of discomfort during production and slaughter (12). Free-
range chicken meat is preferred by Brazilian consumers (50.32%)
when compared to caged chicken (36.13%), and people who buy
chicken meat from the caged system do it because it has the
lowest price (31.61%) (10). The preference for free-range chicken
meat by 40.65% of the consumers was due to its appearance and
by 23.23% because they think that it contains more nutrients than
caged chicken meat (10).

If the animal is not well-treated and it does not have the five
freedoms guaranteed, it is impossible to get good production and
quality meat (10, 26). It could be endorsed as dark, firm, and dry

(DFD) or pale, soft, and exudative (PSE) meat, which appears
when animals are submitted to chronic or acute stress before
slaughter, respectively (26, 27). However, many companies are
still resistant to these standards, as they are associated with rising
cost facilities and labor training, reflecting on the cost of the final
product (10).

HUMAN HEALTH RISK

Food spoilage is different from food contamination (22). Spoiled
foods are those that present changes in color, odor, flavor, and/or
texture because they contain deteriorating microorganisms,
being rejected by consumers (17, 22). Contaminated foods
usually have pathogenic microorganisms, but the characteristics
(color, odor, flavor, and texture) of the food are not altered and are
naturally consumed (22). People will notice after consumption
and usually present symptoms such as belly pain, vomiting, and
diarrhea (22). Foodborne diseases can be much more serious
than a short episode of gastroenteritis, with the possibility of
residual (chronic) symptoms and the risk of death, especially in
elderly and immunosuppressed patients (17). Thus, if the animal
has a disease or if the food is not manufactured hygienically,
pathogenic microorganisms may be present in the product
and the consumer may acquire a disease. Still, food can be
contaminated by physical hazards, such as nails, wood, and
plastic, among others, or chemical hazards, such as detergents
and pesticides, among others; however, all the hazards can be
controlled by applying good manufacturing practices (22). In
a research made in Mexico about consumers’ perceptions and
attitudes toward farm animal welfare and willingness to pay
for welfare friendly meat products, they related that the three
main risk factors associated with conventional animal foods were
residues of antibiotics, hormones, and pathogens (4).

When the production of the food from animal sources is not
carried out correctly or when it is illicit, the consumers’ chances
to acquire a foodborne disease are high, because the products that
do not have adequate quality control are dangerous and harmful
to human health. Among the most frequent diseases transmitted
by food of animal origin are teniasis, brucellosis, tuberculosis,
listeriosis, salmonellosis, toxoplasmosis, botulism, staphylococcal
intoxication, hemolytic-uremic syndrome, campylobacteriosis,
and diphyllobotriasis (15–17). It is estimated that 75% of
emerging human diseases are zoonosis (28), and 20% of all
human illnesses and deaths are associated with endemic zoonosis
(2). Epidemics and even pandemics have their etiological agents
linked to the consumption of food of animal origin, and although
not yet confirmed, the coronavirus pandemic may have occurred
due to the consumption of bat soup (15). In many circumstances,
only a small number of people seek medical help, and not all
are investigated. Even when the country has infrastructure for
reporting data, only a small portion of foodborne diseases are
reported to the authorities (17).

These diseases harm the economy of countries due to the
work absenteeism, production and tourism decrease, and high
expenses with hospitalizations and health treatments (2, 3,
17, 29). Foodborne diseases are a high economic burden (2).
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FIGURE 2 | Environmental damage and bad hygienic conditions of a

clandestine bovine slaughter (31).

According to the US Food and Drug Administration, foodborne
illnesses have a total economic impact of 5 to 17 billion dollars
(17). But why is the habit of consuming food from animal sources
with good hygienic-sanitary control still not taken as seriously as
it should be? How much is the consumer willing to pay or lose to
obtain food safety?

ENVIRONMENT RISK

To produce food whose raw material is an animal, the treatment
and correct disposal of residues must be considered so that
they do not harm and pollute the environment (19, 30). When
a product is clandestine, the producers do not care about the
environmental preservation; for example, the blood and the rest
of the carcasses are exposed to the environment, causing the
presence of synanthropic animals and contamination of the soil,
rivers, and groundwater (23).

In addition, in illicit slaughter the animal stays in an open
place, under environmental temperature, with the presence of
other animals such as carnivorous birds and dogs (Figure 2)
that lick the carcass during the slaughter or feed on the remains
of the carcass (23) and can be infected if the slaughtered
animal is sick. The contact of the blood of a sick animal with
open wounds or mucous membranes of the slaughterers who
perform the slaughter also propitiate the spread of zoonosis,
particularly the ones considered as neglected zoonosis associated
with infrastructure problems and low socioeconomic status (32).

DISCUSSION

Safe foods are those that do not contain harmful agents or
substances in quantities that may cause health problems or
damage to the consumer; in other words, they are those that do
not offer health hazards and guarantee the consumer’s integrity
(17). For this, it is necessary to have a systematic and proactive

approach that minimizes food contamination from the farm to
the fork (2, 5).

Correct food handling is essential to avoiding contamination
bymicroorganisms (16, 22), and knowledge about the production
of food of animal origin is essential for the consumers to choose
quality and safe products for consumption (33), ensuring the
preservation of their own health and the environment that they
live. Many people think that it is enough to cook the food
or to look for fresh food that is not dangerous and does not
damage their health (16). During the cooking process, while
vegetative microorganism cells are killed, the spores produced
by some microorganisms, such as Bacillus cereus and Clostridium
perfringens, can survive (17).

Have the consumers ever wondered which their
responsibilities are when buying and/or consuming food?
What their role would be in the sale of inspected animal products
and in the reduction or extinction of the commercialization
of clandestine products? The price of clandestine products is
usually cheaper, but the products do not have the same quality as
manufactured products within legal standards (33), for example,
the comparison between choosing a clandestine and an inspected
animal-origin product to the acquisition between a false and an
original electronic product. It is a similar situation because the
consumer’s choice will depend on their knowledge about the
factors that are linked to the production.

Moreover, it will depend on the consumer’s interest in
knowing how that product is being manufactured, especially
about the quality of the raw material that makes it up, the
production processes, the work conditions, and the damage
caused to the environment. It should consider not only the
assessment of risks but also technical possibilities, consumers’
attitude/behaviors, and cost–benefit analysis (2). Are the
production costs similar? The knowledge of the production
factors and a brief analysis of the costs (19) and the work
conditions, carried out in an ethical manner, would certainly help
the consumers to choose the best option to purchase safe food.

The lack of consumers’ awareness is a big problem (16,
17), because consumers are vulnerable to receiving any type
of information, including false information (fake news) that is
destructive in all areas, as it distorts what is real, it is easily and
quickly spread on social media, and it gains great repercussions.
For example, in Brazil, there is a myth that the color of the
eggshell is related to good or bad nutrition contents and some
people do not eat chicken meat because they believe that it
contains hormones and antibiotics, so low consumption of both
meat and eggs is associated with false information about poultry
feed and the production system (6, 10).

The consumption of pork meat among Brazilians is still low
and mostly linked to preconception due to lack of information
about the change in Brazilian pig farming and for believing that
pork has a high fat content and that it is bad for health (12). In
an inquiry about the key aspects considered by consumers in the
purchase and consumption of pork in Piauí/Brazil, 74% of the
interviewees answered that pork has the highest level of disease
transmission (12). The lack of information is also the biggest
barrier to the acquisition and consumption of products in terms
of wellbeing (12).
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The power that digital influencers have on the consumers’
lives, especially those of the Z generation, is enormous (11,
34), because they only indicate a product and the people
who follow them will buy it, believing in their theories
that have no scientific meaning or without making a good
reflection. Some people may decrease or stop eating meat (10)
and acquire anemia due to the misinformation transmitted
by the influencers, as they often believe that animals feel
pain when slaughtered, but do not even know what animal
stunning is. For example, in Brazil, it was observed that
the consumption of pork meat is popular, but it is still
not highly or frequently preferred, which may be linked
to the myths related to the product, and this consumption
may even increase with the proper clarification of the main
issues, fat content and sanitary preparations (12). Therefore,
greater enlightenment is necessary for the awareness of
the population, and the change requires investments in
marketing, which encompasses the entire meat production chain,
demystifying the negative image aggregated from its production
to consumption.

The lack of consumers’ knowledge affects the economy and
people’s lives, because when there is no awareness about the
existence of potential problems with food, consumers end up
eating a significant amount of contaminated food and become
ill (17). In addition, clandestine slaughter favors the theft of
domestic animals and the extinction of wild animals. In many
developing countries, hunting and the consumption of meat
from wild animals are also common cultural practices and
increase the risk of zoonotic transmission (28). In Brazil, the
sale and consumption of shark meat in the Amazon region
will expose consumers to potentially harmful levels of inorganic
arsenic (iAs) and mercury (Hg), as well as contribute to the
population decline of species including those that are currently
categorized as threatened (8). Therefore, it is important to
know better the consumers’ perception about food safety,
because it can influence, along with other socioeconomic and
demographic variables, the choice of food to be consumed
and contribute to the effectiveness of the legislation to be
implemented (6).

The low or absent surveillance in production and
commercialization of food from animal sources is also a
huge problem; however, there will never be enough inspectors if
the consumers continue with the same buying and consuming
habits. At this point, it is important to raise more questions
to reflect on, such as the following: Is fake news or the lack
of trade supervision of these products so important if the
consumers obtained the necessary knowledge and changed their
consumption behaviors? Why is there a commercialization of
clandestine animal products? How much do foodborne diseases
cost for the public coffers?

The economic basis is the law of supply and demand
(35), so if consumers are aware of the scientific knowledge
that the food of animal origin they are going to buy can
endanger people’s health, they would certainly not make the
purchase of it, and naturally, they would report the place

of sale to the competent authorities, hence facilitating their
work and having no need to hire an enormous number
of inspectors or increase the surveillance at production and
commercialization. Even so, there would be a decrease in the
supply of clandestine animal products. For it to happen, it is
necessary to implant knowledge through health education of
the population and, thus, to modify cultural and old behaviors,
because when they are rooted, they are exceedingly difficult to
be modified.

In underdeveloped countries, like Brazil, people, especially
the older ones, say that the situation of consumption of
food of animal origin has always been the same and
that no one ever died from eating clandestine products,
creating the popular saying “what does not kill, makes you
fat.” Another popular thought among people is that the
consumption of these products can cause only a belly pain
(referring to diarrhea), due to the lack of information about
foodborne diseases.

In 2025, more than one billion people in the world
will be elderly and more than two-thirds of them will
live in developing countries (17). Population growth
means an increased risk of foodborne illness, and it is
not surprising that, in some countries, one in four people
is at risk of contracting a foodborne disease (17). In the
Caribbean region, despite undertaking limited surveillance
on foodborne diseases, records related to bacterial foodborne
zoonoses in food-producing animals and their associated
epidemiological significance are poorly documented, giving
rise to concerns about the importance of the livestock,
food animal product sectors, and consumption patterns
(2). It is recognized and pointed toward the relevance of
pursuing a holistic One Health approach, with interdisciplinary
engagement (2).

According to the World Health Organization (WHO), One
Health is “an approach to designing and implementing programs,
policies, legislation and research in which multiple sectors,
communicate and work together to achieve better public health
outcomes” (36). According to the United Nations Food and
Agriculture Organization (FAO), the World Organization for
Animal Health (OIE), or the Centers for Disease Control
and Prevention (CDC), health outcomes depend on food
safety, control of zoonoses, and combating antibiotic resistance
while recognizing the interconnection between people, animals,
plants, and their shared environment (36). The One Health
concept has been extended beyond public health to include
the ecological and environmental dynamics of disease in
system-based frameworks such as Planetary Health and Eco-
Health (36).

In summary, it is not enough for only inspection to be
made in the animals and carcasses at slaughterhouses as well as
surveillance in food sale, if there are still uninformed people who
buy illegal or manufactured products without good hygienic-
sanitary conditions. In the food chain, the production of safe
food is everyone’s responsibility (17). Themoment the consumers
know more, they will also be able to demand more quality
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and will become supervisors as well, for the benefit of their
own health.

For this, education on health of the population is urgent and
necessary to change the consumers’ behaviors (2, 3), especially for
children, so they can grow up with this knowledge, changing the
old population’s cultural habits and creating a future with roots
fixed in scientific knowledge. In this way, foodborne diseases,
which are underreported and neglected in underdeveloped
countries (2), could be prevented and would support the world’s
economy. Global food safety is a shared responsibility.
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Brazil has been promoting essential improvements in health indicators by implementing

free-access health programs, which successfully reduced the prevalence of neglected

zoonosis in urban areas, such as rabies. Despite constant efforts from the authorities

to monitor and control the disease, sylvatic rabies is a current issue in Amazon’s

communities. The inequalities among Amazon areas challenge the expansion of

high-tech services and limit the implementation of active laboratory surveillance to

effectively avoid outbreaks in human and non-human hosts, which also reproduces a

panorama of vulnerability in risk communities. Because rabies is a preventable disease,

the prevalence in the particular context of the Amazon area highlights the failure of

surveillance strategies to predict spillovers and indicates the need to adapt the public

policies to a “One Health” approach. Therefore, this work assesses the distribution of free

care resources and facilities among Pará’s regions in the oriental Amazon; and discusses

the challenges of implanting One Health in the particular context of the territory. We

indicate a much-needed strengthening of the sylvatic and urban surveillance networks

to achieve the “Zero by 30” goal, which is inextricable from multilateral efforts to combat

the progressive biome’s degradation.

Keywords: universality, equity, Amazon, human rabies, One Health

INTRODUCTION

Brazil’s seventh Constitution defined health services as a fundamental Brazilian right. This
revolutionary and pioneering strategy, founded on social justice, sets up the basis for a public
health system—Brazil’s Unified Health System (SUS). The SUS was later regulated by law n◦

8080/1990, which defines its principles: universality, equity, and integrity (1, 2). In summary,
the system aims to guarantee free universal access to both essential care services and complex
procedures such as surgeries to 140million people throughout Brazil’s territory (3). However, due to
regional inequalities, ensuring those principles has been a challenge, especially in Amazon riverside
communities that have been affected by neglected diseases (4).
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The Brazilian Amazon composes about 49,3% of Brazil’s area
geographically and is distributed into nine states (5), which
through law n◦ 291/1967 and law n◦ 356/1968, are divided
into the Occidental and Oriental Amazon. The first division
included four states, while the second division comprises five
others, including Pará, in the country’s northern region (6). These
Amazonian states were developed unequally compared with
Brazil’s capitalist main poles, and its integration to International
Trade started after the oil crises in 1973 initiated a disordered
development process focused on limited economic spots (7) (p.
154) that strongly evoked social and territorial conflicts (8) (p.
46). This inequity is reflected by the low Human Development
Index of all Amazonian states during the first decade of the 21st
century (9), despite their international and national importance
as a raw material provider.

Regarding the state of Pará, government strategies aiming
to populate remote areas and develop its commercial activity
during the 20th century created five different poles associated
with mineral exploration, that are the center of Pará’s Gross
Domestic Product (7) (p. 157–159) (10) (p. 159). These economic
strategies enhanced selective economic development, promoting
regional, social, and economic inequities within different state
areas related to mining and other activities (10, 11) (p. 158–
164). It also started an intense human population growth, besides
ecological transformation in the biome, which enhances human-
wildlife interaction, and introduces communities to the cycle of
wild pathogens, highlighting the importance of the One Health
approach in the Amazon area (12–15).

One Health is a multisectoral and multidisciplinary approach
that recognizes the close interaction between human and animal
health (16). This approach is an essential tool for guiding the
efforts of public policies in the prevention of zoonosis and has
demonstrated efficient results toward the control of rabies in
endemic areas (17). As such, there is a need for close and
continuous vigilance of at-risk populations that demand cross-
sector cooperation, including proactive surveillance of animal
vectors such as dogs and bats, which play an essential role in the
transmission of rabies.

Rabies is an acute infectious encephalitis caused by a
neurotropic virus from the Lyssavirus genus, which can infect
all mammalian hosts, leading to death in almost all cases.
Its transmission to humans occurs mainly through a bite
from an infected domestic or wild host (18, 19). Despite its
preventable aspects, rabies threatens almost 60,000 humans
globally, especially in Africa and Asia (20). In Brazil, the Rabies
Prophylaxis Program (PNPR) achieved actual progress in the 21st
century toward controlling urban rabies through post-exposure
prophylaxis (PEP) schemes. However, rabies transmitted by bats
is a current issue: from 2003 to 2018, 143 fatal cases mainly
transmitted by wild vectors were reported. There was a high level
of transmission in the state of Pará, the second highest endemic
area in the country (4, 21–23). The groups most affected by
rabies in the Amazon were those living in neglected zones, where
equitable public health services are not available, emphasizing
this illness’s neglected profile (4, 20).

The occurrence of human rabies cases in neglected
communities suggests the failure of surveillance strategies,

and it indicates the need for improvements in the parameters of
the public health system to achieve WHO’s “zero by 30” goal.
Therefore, the work aims to assess: (i) the distribution of health
services from different levels in the context of rabies prevention
and (ii) the challenges of implementing a “One Health” approach
in the Amazon.

MATERIALS AND METHODS

Data Collection
A descriptive, observational, and cross-sectional research was
carried out to assess data on the sufficiency of free essential
care resources available to assist risk communities in Pará
zones from 2018 to 2019. We collated (i) the distribution of
health units based on their complexity levels; (ii) surveillance
data on domestic and wildlife animal-bite reported during the
period, (iii) availability of human rabies vaccine; and (iv) the
distribution of health centers for diagnosis. Data about both
health units and the availability of rabies vaccines are public-
access and can be formally requested from the State Health
Secretary of Pará (SESPA) by every health professional through
the institutional e-mail (protocolo@sespa.pa.gov.b). The request
was processed as PAE 2020/434223 and accepted on June 25,
2020. We obtained surveillance data on animal bites from the
“Individual Investigation Reports of Human anti-Rabies Care”
form filled by health workers at health units and submitted to
SINAN (24).

This document must be completed by nurses and other
health professionals each time a patient seeks care after animal
aggression, and it is sent weekly frommunicipalities to state levels
and biweekly to the Health Ministry (MS). They are obligated to
investigate and finalize cases within 2 months. The investigations
may follow PEP administration depending on the type of injury
and monitoring the potential rabid dog; upon direct contact with
a sylvatic animal, the patient receives five doses of intradermal
rabies vaccine (cell culture) on days 0, 3, 7, 14, and 28 (25). It
is concluded when the patient interrupts the treatment or when
PEP finishes.

This work assessed the total applied doses of only human
rabies vaccines (cell culture/Vero and cell culture/embryo) and
the animal bite reports on SINAN in the whole state from 2018 to
2019. The data unavailability on the type of doses (1st dose, 2nd,
3rd, four, or booster), and the absence of the profile of animal bite
reported from the municipalities limits the article’s conclusions.

In order to analyze the distribution of free care resources
among the different zones in Pará, we compiled health unit
information based on their level (Figure 1), following the
Primary attention, Second and Third attention (26). This
division is based on health services’ organizational arrangements
from different technological levels, which through integrated
collaboration, seek to guarantee free care services.

Study Area
This study covered the state of Pará, located in the north of Brazil,
to the Oriental Amazon (6). The state area is about 1,245,870,707
km² and has an estimated population of 8,690,745 people (5).
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FIGURE 1 | The levels of health care in the context of Brazil’s system. The organizational health system’s model follows the WHO’s recommendations to divide levels

of assistance according to health units’ resources available to meet the patient’s demands. The primary level works in a preventable approach by promoting close

contact with the community. It may also offer free access to vaccines and medicine. The second level comprises hospitals and care centers that provide ambulatorial

assistance to solve the main health problems. The third level offers high-cost and high-specialized treatments for the patient’s rehabilitation, including Intensive Care

Units and oncologic treatment.

The analysis followed data available from the municipalities
arranged in the 13 Health Regions, which SESPA defined
according to the Resolution CIB/PA n◦ 90, from June 12, 2013:
Araguaia, Baixo Amazonas, Carajás, Lago de Tucuruí, Marajó
I, Marajó II, Metropolitana I, Metropolitana II, Metropolitana
III, Rio Caetés, Tapajós, Tocantins e Xingú, covering 144
municipalities (Figure 2).

This administrative division aims to improve the distribution
of free medical resources among the municipalities and provide
equal access to free care services. The division also considers
the neighboring areas’ geographical and demographic aspects to
include them in the same health region.

Epidemiological Data
The data on human rabies epidemiological status in Brazil is open
access and is available on the Datasus tabnet platform (http://ww
w2.datasus.gov.br/DATASUS/index.php). This database collects,
organizes, and offers Brazil’s health information, including
epidemiological data on infectious diseases; in which human
rabies is inserted.

Statistical Analysis
We performed a descriptive analysis of the distribution of
primary care units, rabies vaccines, and medium and high-
level hospitals by calculating the differences in the rate per 104

people or 105 inhabitants. The regional rate of medical services
was determined by the ratio of total health units and regional
population per 10,000 or 100,000 inhabitants.

rate =

(

total of health units

regional population

)

x 10, 000 or 100, 000 (1)

Statistical analysis was performed with Graph Pad Prism 8th
version forWindows 10. Themean human rabies’ offer compared
to the total of animal-bite notification by Wilcoxon Signed
Rank Test to assess the availability of free medical resources
among the regions. We performed a One-way ANOVA to
analyze the efficiency of the PEP scheme by comparing the
mean of concluded and non-concluded treatments with the
total notifications.

The differences were considered significant at a 95%
confidence interval (p < 0.05).
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FIGURE 2 | Pará’s administrative division (SESPA). The regionalization of care resources is a national effort to reduce health inequities among Brazil’s regions. In the

Pará state, there are 13 health regions, which comprise the 144 municipalities of the area, considering their geographical characteristics.

Populational Data
Data on the Brazilian states’ and municipalities’ population
is public access information, and it is available on the
website of IBGE (https://cidades.ibge.gov.br/). The complete
sociodemographic information of every Brazilian area can be
accessed by searching the state and the cities’ names on the
website. To perform the analysis on the distribution of health
services according to their levels per 104 or 105 inhabitants,
we add each municipalities’ population to estimate the total
inhabitants of each health region.

RESULTS

The Distribution of Primary Care Units
Among the Health Regions of Pará State
According to Brazil’s Health Ministry’s recommendation, the
primary health units should assist an area of 12–18 thousand
inhabitants in big cities, depending on the services offered to
the community (Ministério da Saúde). Thus, when we assessed
the distribution among Pará’s area, we observed a homogenous
distribution of these units among the state’s areas, varying from 1
primary health unit/104 inhabitants to 4 primary health units/104

inhabitants (Table 1). The riverine area, Marajó I (4,3/10,000),
has the most significant distribution of primary health care units,
followed by Tapajós (4,3/10,000) and Rio Caetés (4,2/10,000).

In contrast, the Metropolitana I region (0.9/10,000), which
concentrates the biggest population among the areas, had the
lowest distribution, almost three times lesser than Marajó I
and Tapajós.

Differential Availability of Specialized
Medical Resources and the Concentration
of High-Tech Resources in Urban Centers
The availability of specialized care services provided by hospitals
and emergencies from medium and high technological-level
greatly varied per 100,000 people among the health regions
(Figure 3A). Neglected areas, such as Marajó I (1,6/100,000)
and Marajó II (5/100,000), had the worst indicators, followed
by Metropolitana II (9,7/100,000). The greatest indicators
were concentrated in a few urban areas, such as Carajás
(63/100,000) and Metropolitana I (55/100,000)—which
respectively concentrate 39 and 34 times more hospitals
than Marajó I.

Among the health regions, the Metropolitana I region
concentrates the only laboratory which supports animal and
human rabies antemortem and postmortem diagnosis in the
Amazonia, the Instituto Evandro Chagas, located at Ananindeua
city (1◦ 21′ 59′′ S, 48◦ 22′ 20′′ W). Besides supporting Pará’s
demand, the laboratory has a central role in supporting rabies
surveillance in the North area of the country.
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TABLE 1 | The distribution of primary health units among Pará’s regions.

Health regions

(SESPA)

Total of primary

health units

Distribution/104

inhabitants

Regional

population (2019)

Araguaia 194 3.42/104 people 566,682

Baixo Amazonas 252 3.26/104 people 771,715

Carajás 204 2.33/104 people 875,232

Lago de Tucuruí 116 2.51/104 people 461,593

Metropolitana I 205 0.91/104 people 2,238,680

Metropolitana II 142 3.86/104 people 367,592

Metropolitana III 375 3.99/104 people 939,421

Rio Caetés 231 4.26/104 people 541,251

Tapajós 97 4.38/104 people 221,135

Tocantins 193 2.73/104 people 705,089

Xingú 134 3.82/104 people 350,276

Marajó I 105 4.30/104 people 244,027

Marajó II 115 3.59/104 people 320,172

The analysis on the mean coverage of services from the Primary Health Care (PHC)

indicates a homogeneous distribution among the areas. It considered data on the

availability of Family Health Support Center (CASF), primary health units, health center,

home care, indigenous health care units, and fluvial mobile units.

The Offer of Cell Culture Human Rabies
Vaccines
Rabies prophylaxis may be administered in two primary
schemes: Post-Exposure Prophylaxis (PEP) and Pre-Exposure
Prophylaxis (PrEP) by applying intradermal doses of human
rabies vaccine raised in cell culture (27). Among Pará’s regions,
the availability of this resource in the health units varied from 4
vaccines/10,000 people—such as in the Araguaia (4,69/10,000),
Carajás (4,55/10,000) and Xingú (4,02/10,000) -, to 23/10,000
people in the Marajó II areas (Figure 3B).

The total average of the doses available in the regions was
compared with the total average of animal-bite notifications
in SINAN. Our data indicate that the availability of human
rabies vaccines may be insufficient to assist the local demands
(Figure 4A).

Reports on Animal-Bite Assistance and
PEP Administering in the Pará Areas
In 2018, there were 33, 549 cases of wild and domestic animal
bite-notifications reported in the SINAN database, of which
17,029 patients (50,7%) did not finish the treatment without
interruptions. In 2019, there were 30,970 notifications of animal
injury, in which 18,163 (58%) did not follow the complete PEP
scheme. The differences between concluded and non-concluded
PEP were both considered significant (p < 0.05) to the total
average of notifications (Figure 4B).

The Epidemiological Profile of Rabies in
the Amazonia: Central Role of the State of
Pará in Human Rabies Epidemiology
In Brazil, 160 fatal cases of human rabies were reported from
2001 to 2018, in which 58 cases (36%) have occurred in the North
(Figure 5). Most of the cases that occurred in the northern region

FIGURE 3 | The availability of free medical resources and facilities. (A) human

rabies vaccine’s distribution per 10,000 people is heterogeneous and limited in

some areas of the state. (B) the coverage of hospitals from medium and

high-technological resources is concentrated in a few areas of the territory,

and almost absent in neglected communities.

were reported in the state of Pará, which totaled 47 cases (81%)
of rabies, occurred in 2001 and 2002, in the Carajás region (three
cases); in 2004, in the Metropolitana I (two cases), Rio Caetés
(three cases), and Marajó II (15 cases). In 2005, 14 cases were
reported among Metropolitana I (eight cases) and Rio Caetés
(six cases). More recently, a bat-transmitted rabies outbreak was
reported in the Marajó II region, which confirmed ten fatal cases.

DISCUSSION

Brazil has achieved improvements in health indicators by
implementing and expanding free healthcare programs, in which
Primary Health Care (PHC) are the protagonists (28). PHC,
mainly represented by primary health units, considers the socio-
cultural aspects of the area coverage to promote community and
family orientation by health educational strategies in a close-
contact approach and plays an essential role in promoting health,
especially in the pandemic’s context (29). Similarly, some health
programs, such as the national rabies prophylaxis program, have
contributed significantly to reducing human mortality through
dog and cat vaccination campaigns, besides implementing pre-
exposure prophylaxis (PrEP) and post-exposure prophylaxis
(PEP) strategies. Despite Brazil’s efforts toward controlling
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FIGURE 4 | Reports on animal bite and PEP administration in the Pará state

during 2018 and 2019. (A) the offer of rabies vaccines may be insufficient to

assist the PEP demand in some neglected areas of the state **(p < 0.01). (B)

the reports on patients seeking care after a sylvatic or domestic animal bite

indicate the high rate of interruption in the PEP **(p < 0.01).

FIGURE 5 | Human rabies epidemiology in northern Brazil (2000–2018). It was

reported 160 fatal cases in the period, with bat-transmitted outbreaks. Pará

state has a central role in the northern region, representing 81% of the total

confirmed cases.

urban rabies and achieving “Zero by 30” WHO’s goal, rabies
transmitted by wild vectors, such as bats, are also a current
issue in the Amazon areas (30). Rabies reemergence in neglected
communities has a close relation with anthropic destruction
of animals’ habitats and health, affecting disease transmission
dynamics (13, 15, 31, 32). The occurrence of a bat-transmitted
human rabies outbreak in 2018 at Melgaço’s riverside areas
and throughout other Amazon areas suggests a failure of rabies
surveillance and health systems to deal with rabies considering
the availability of preventable strategies to avoid the occurrence
in animals and humans.

Therefore, this work assessed the distribution of free care
services and resources among Pará’s health regions. Health
and socioeconomic inequities are challenges to achieving the
universality of health policies and are aggravated by the limited
governance of health authorities in neglected areas, particularly

in the Northern region (33). Health services’ regionalization
may serve as an alternative to reduce inequities in free care
services access (34). Unlike Andrade et al. (14), and Garnelo
et al. (35) that discuss the limited PHC’s distribution in the
Amazon areas, in the particular context of the state of Pará,
we demonstrated a homogeneous distribution of primary health
units and primary health care centers among the regions of
Pará. However, this data may not reflect the reality of these
municipalities since we could not assess this distribution within
their context, but at the regional level, limiting the analysis of
particular distribution in remote areas. Although there were
no discrepancies in the coverage of health units among the
areas of Pará, other variables, such as the distribution of
health professionals in urban and rural areas, may influence the
quality and offer of essential care services, impacting the correct
guidance treatment of aggravations in remote zones. That is
because the northern region, including the capitals, has the worst
indicators of distribution of doctors per thousand inhabitants
among Brazil’s regions (36). This indicates a panorama of greater
vulnerability, with difficulties in access to physicians. However,
health inequalities cannot be analyzed only by focusing on the
PHC but also by considering other levels (medium and high) of
health assistance (37).

Moreover, the limitation of the high-technological service in
the particular Amazon scenario is a historical issue. The progress
in reducing poverty and inequality in the 2000s had a paradoxical
effect on Brazilian territory since the developmental agenda
focused on activities related to the geographical specificities
of the macro-regions contributing to spatial inequalities (38).
This strategy enhanced the social conflicts in the area (8),
and reproduced the same pattern in the mesoregions of Pará
(7). Initially, it also affected the distribution of health services
in remote zones: health services from the medium and high
level remained concentrated in few developed areas (39),
differently from the distribution of primary health units—that
was significantly expanded in the poorest regions of the country,
with greater limitations for its implementation in densest
metropolitan peripheries, similarly to our results (Table 1).
Despite Brazil’s efforts to reduce vulnerability in recent decades,
current data still demonstrate a concentration of these specialized
health services (40). There is a considerable difference in the
mean-coverage of hospitals of medium and high-level complexity
among rural and urban areas of the Pará: the availability of
specialized medical resources is almost 35 times greater in
Metropolitana I (54.9/100,000) than Marajó I (1.6/100,000), and
11 times greater than Marajó II (4.9/100,000), affecting the access
of neglected communities to specialized care resources. The
unequal distribution of medical resources indicates the need
for a large displacement between the regions to seek medical
assistance, which directly influences the time for receiving
adequate treatment in case of accidents; and compromises the
maintenance of a patient’s life. However, from other urban areas,
riverside communities have particular barriers in transporting
to the nearest hospital since it may be influenced by the
hydrological cycles of drought and flooding, besides climatic
conditions (35). Based on this scenario, in 2017, Brazilian
authorities implemented the Fluvial mobile units (FMU) aiming
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to guarantee integrated health assistance to these communities
(41). However, it could not meet more complex demands such
as hospitalizations, the treatment, and diagnosis of infectious
diseases, such as human rabies.

Regarding rabies diagnosis, the WHO indicates that the
laboratory should be involved beyond human and animal
diagnostic, maintaining a proactive role in the investigation,
planning, and assessment of rabies cases using a One Health
approach (42). Successful strategies in Latin America toward
rabies control are based on dog-maintained RABV monitoring
molecular sequencing, phylogenetic analysis, and antigenic
typing to provide information on viral variants or lineages linked
with its reservoir hosts—that is useful to mapping risk areas and
help to implement surveillance strategies (43). The governments
must also provide funding to implement decentralized networks
for rabies surveillance and prevention, responsible for collecting
samples to submit to specialized laboratories on the diagnosis,
and the laboratories should work in a decentralized-network
manner to support wild and human monitoring to expedite local
strategies toward control and prevention (44).

For example, In Nepal, a coordinated approach implemented
a laboratory network with five regional laboratories located in
critical areas. It has been successfully typing and identifying
the disease’s epidemiological profile, which guides the
implementation of preventable strategies. However, in the
context of the Amazon, the limited distribution of laboratories
working on animals’ support (postmortem) and humans (ante-
and postmortem) diagnosis represents a challenge to both rabies
monitoring in the region and human rabies management, since
a patient with rabies requires a complex structure, with an
intensive care unit, and constant laboratory monitoring (45).
The centralized laboratory networking may widely affect rabies
surveillance by impacting the time in which results can be
delivered and consequently delaying the health system’s response
to the risk of exposing naive hosts to the virus. The identification
of positive cases needs a quick data reporting scheme for
rapid decision-making (46), and a rapid animal’s diagnosis
with phylogenetic analysis may also affect the need for human
post-exposure prophylaxis administration since the effective
identification of risk zones can guide the implementation of
preventable strategies, such as PrEP administration.

It would be interesting that emerging-endemic neighboring
countries in Latin America, such as Brazil, Peru, and Bolivia,
outline multilateral efforts to finance new epidemiological
monitoring networks. It should also include sharing
technological tools for the diagnosis, prevention, genetic,
and serological typing to identify, guide, and perform strategies
directed at areas of greater risk of spillover, especially in Amazon
neglected zones. This international networking is already
established in Europe (47), by the Middle East and Eastern
Europe Rabies Expert Bureau (MEEREB), and in the Northern
hemisphere, by Canada, United States, and Mexico through
the North American Rabies Management Plan (NARMP) (48),
which successfully achieved the control in endemic zones (49). It
is noteworthy that monitoring rabies in the Amazon has beyond
social but also economic importance since bovine livestock
production has substantially increased throughout the decades,

and the increase of cattle communities is related to the greater
risk of human and animal exposure to RABV (50), especially in
zones related to extensive deforested areas, large herds of cattle,
and the presence of highways (51).

Similarly, the availability of essential resources, such as human
rabies vaccines (Figure 4A), may not be satisfactory to meet the
populational demands in some areas, especially in Carajás, Xingú,
and Araguaia, which had the lowest distribution among the other
regions (Figure 4B). Under the PEP plan, an animal bite may
require an intradermal administration of cell-culture vaccines
(27), and the patient must immediately seek medical assistance
at a primary health unit or emergency center for receiving the
correct PEP. Depending on the severity of the injury or the
animal’s aggressive characteristics (52), the treatment may be
followed by RIG’s administration (53). However, the long-term
aspect of rabies prophylaxis, which involves multiple vaccine
administrations at different times (27), and the low availability
or the centralization of essential resources in some health units,
can affect the efficiency of PEP. In addition to health inequities,
geographic, cultural, and social aspects must be considered
and may reflect low treatment continuity. For example, the
insufficiency of knowledge about rabies in remote Amazon areas
may play an important role in seeking care after an animal bite
injury (54). Together, these aspects might explain the differences
shown in Figure 5, which indicate that only half of the patients
concluded the vaccination plan Nevertheless, the challenges of
correctly following the PEP and guaranteeing essential resources
are not a restricted issue in just the Amazonian reality but also a
general context. Appropriate PEP use was also limited in China
(55), India (56), and in other countries of Asia and Africa, in
which the high cost and limited availability of the vaccine are the
main barriers to receiving the correct PEP (57).

It highlights the importance of international efforts to
reallocate resources to produce and distribute essential health
supplies to vulnerable areas since well-succeeded countries have
widespread access to rabies vaccines and control of rabies (57).
Administering PrEP in at-risk communities in Latin America
must be considered since it is an efficient strategy adopted in
Peru and other countries (58). It has a cost-effective aspect, which
may reduce the need for PEP with vaccination schemes. These
efforts must be accompanied by extensive animal vaccination
campaigns, including livestock vaccination, with the monitoring
of animal herd immunity, followed by the control of cat and dog
populations. Simple initiatives, such as promoting ample health
education campaigns, may effectively reduce non-conformities
on PEP administration and help expand the populational
adherence to the animal’s campaigns.

Endemic and emerging countries should also be proactive in
mapping and monitoring health inequities (59) to implement
public policies in at-risk areas. In the particular context
of the neglected Amazonian areas, health policies need to
embrace resource distribution and promote access to health
services opportunities (60, 61), considering the socio-cultural
heterogeneity and the geographic aspect of the territory (62). The
heterogeneous distribution of high-tech biomedical resources
among these highly diverse zones and the limited laboratory
network denotes a barrier to the implementation of a proactive
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“One Health” approach in the Amazonian context since it
requires constant animal, human, and vector surveillance (17),
which become complex with an insufficient laboratory network.
This active monitoring has been efficient in predicting and
detecting the circulation of RABLV strains in the Ceará state
(24), and the surveillance and control of sylvatic rabies is a
crucial strategy in North America (63). These barriers may be
overcome in the long-term if strategies that involve multilateral
efforts between the different sectors of the government, states,
and municipalities strengthen and establish new decentralized
monitoring networks in different areas of the Brazilian territory.
This can contribute to a positive outcome not only in the context
of rabies but also in the prediction of emerging and reemerging
infectious diseases in the Brazilian Amazon (12).

Therefore, this paper indicates a must-needed improvement
in the health indicators and surveillance strategies in rabies
reemergence, mainly in the particular scenario of the Amazon,
since there are inequities in access to rabies treatment and
vaccines in the neglected areas of the state. These rabies-based
inequities are due to both poor access to health services in these
communities, and the environmental exploitation that present
government policies have which increased the contact of naïve
hosts to wild vectors. Thus, to control human rabies in endemic
areas and help achieve the “zero by 30” WHO goal, it is essential
that Brazil’s government promotes equitable policies and play a

proactive role in monitoring RABLV circulation. Therefore, these
efforts also require a constant commitment by public entities to
protect the Amazon biome in its entirety, which is inextricable of
animal’s and human health.
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Amid the urgency to solve countless and severe health problems, asking what is

health or who can and must have it may seem like a waste of time. However,

some responses can reveal prevailing practices that divert attention from fundamental

problems, thus maintaining privileges and deepening health inequities. One Health of

Peripheries arises from these questions and takes three interdependent senses. The first

refers to attributes determining the well-being and suffering of peripheral multispecies

collectives: a state, a process, the realization of capacities. The second problematizes

marginalizing apparatuses that define health and who can and should have it. The

third encompasses practices in more-than-human social spaces in which, and through

which, One Health is experienced, understood, and transformed. The qualification of

health as “one” does not refer to the lack of plurality, nor to the simple aggregation of

health fragments (human + animal + environmental), but to the complexity of health in

a field with peripheral places, ensuing from margins to privilege those who are inside

and legitimize the exploitation of those who are outside. The interaction among margins

creates degrees and kinds of privilege and vulnerability that materialize epidemiologic

profiles while articulating different peripheral strengths and needs supports a collective

resistance to break margins. Social determination, a key concept in the (Latin American)

collective health movement, underlies such profiles. However, this movement overlooks

the more-than-human dimension of social determination; that is to say, One Health

of Peripheries is a blind spot of collective health. The cartography of One Health of

Peripheries has unique needs regarding participation, research, and inclusive policies

for the decolonial promotion of healthy lifestyles.

Keywords: one health of peripheries, one health, collective health, critical epidemiology, social determinants of

health, health inequities, more-than-human biopolitics, critical animal studies

INTRODUCTION

What is health, who can be healthy, and what are the most pressing health issues? I will argue that
prevailing answers so far have been biased by struggle, cooperation, and imposition to shape and
legitimize hierarchies according to the interest of the most privileged hierarchical positions.

Conceptual frameworks about the social determination of health (1, 2) and the social
determinants of health (3) consider social hierarchies, giving us insights and tools to oppose
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specific health inequities. However, one ofmy claims in this paper
is that at the same time, these frameworks ignore and reproduce
some marginalizing apparatuses that materialize more-than-
human health inequities.

Drawing from Foucault (4) and Agamben (5), I take as
apparatus the system of relations between discursive practices,
institutions, and more generally, anything with the capacity
to determine, control, model, or administer living beings. By
marginalizing apparatuses, I mean those that establish margins
and legitimize the exploitation and violence against living beings
at the other side of the margins, attributing to them and their
interests less value while silencing their resistance and agency.

Peripheries are beyond the margins. Patriarchy margins
create gender peripheries, just as species margins produce
species peripheries. The same happens with racial, ethnic, and
geographic margins, among others.

The (Latin American) collective health field (6, 7) has
been concerned with some peripheries but systematically
produces and reproduces apparatuses that marginalize non-
human animals (hereafter animals). In collective health, animals
have instrumental value to prevent and control specific human
health problems. However, they do not figure as health bearers or
in any other explicit form in its conceptual frameworks about the
social determination of health. Although such marginalization is
common to different health perspectives, I will focus my critic on
the collective health field because it is one of the main influences
on One Health of Peripheries.

Is the marginalization of animals from the field of collective
health justified? I will conclude that it is not. The bourdieusian’s
approach that supports this field (6) and critical analysis of
social hierarchies (8) also shows, together with other perspectives,
the more-than-human dimension of social entanglements (9–
12). Moreover, concerns with health inequities can be better
addressed considering theories of multispecies justice (13), while
labor perspectives of health [see Almeida-Filho’s discussion about
Laurell’s works (14)] could be updated by more-than-human
labor theories (15).

Health is not exclusively human, as demonstrated by
the overwhelming One Health scientific evidence about the
human-animal-environment interface (16). One Health is
supported by intersectoral and international initiatives due to
its pertinence to address pandemics, bioterrorism, food-borne
diseases, and significant health problems expected to worsen,
such as antimicrobial resistance (16, 17). However, One Health
approaches often omit social processes from empirical analysis
and theoretical explanations. They encourage intersectoral
collaboration as if it were a matter of symmetrical negotiation
between institutions, or even more problematic, a matter of
global North assistance for the global South (18).

The biologism in One Health has remarkable exceptions (19–
25). Here I propose another one: One Health of Peripheries.
I rethink One Health from the perspective of Latin American
collective health, more-than-human biopolitics, and other critical
approaches. Inevitably, this brings together contradictions and
some incommensurable aspects. However, we must embrace
these challenges instead of assuming that we can translate
convenient solutions for ideal settings to a real-world full

of contradictions and power relationships, far from being a
coordinated network of rational actors.

The epistemologies of the South offer us alternatives such as
the ecology of knowledge (26) and hybrid cultures (27), among
others, to think complexity, contradiction, plural knowledge, and
intercultural translation. That said, my objective here is not to
make remarkable advancements in epistemic translation. Instead,
in this paper, I point to some conceptual tools that help to
identify peripheries and break margins. It is a starting point to
introduce One Health of Peripheries, its social determination,
and an explicit commitment to advance structural alternatives
for multispecies justice. In a separate paper, we elaborate more
on the ecology of knowledge, the decolonial stance of One
Health of Peripheries, and seven actions to promote the health
of marginalized multispecies collectives (18).

The following sections of the paper sketch the emerging
field of One Health of Peripheries. A field requiring new
practices and policies as well as including other actions already
existing but applied elsewhere. Notwithstanding the relevance,
my objective here is not to address specific procedures to
conduct health practices or concrete recommendations to guide
health policies. The more-than-human biopolitics section locates
marginalizing apparatuses in a broader biopolitical field. It
then outlines the role of domestication and animalization in
the establishment and operation of hierarchies that determine
epidemiologic profiles; it also elaborates on the intersection of
margins as well as on possibilities of resistance. The One Health
section rethinks One Health and draws initial cartography of
its peripheral regions. The social determination of health section
briefly compares the concepts of social determination of health
and social determinants of health. From this comparison and the
previous sections, I extend the idea of triple inequity of health
to include other forms of inequities and their interactions, with
particular attention to species-based inequities. The field of praxis
section is based on Bourdieu’s concepts of habitus and field and
Freire’s understanding of praxis. In that section, I frame One
Health of Peripheries as a blind spot of collective health. Finally,
I present some concluding remarks.

MORE-THAN-HUMAN BIOPOLITICS

Biopolitics addresses new forms of power or aspects of power
previously unknown, in the context of phenomena as diverse as
concentration camps, migratory processes, cognitive capitalism,
domestication, sovereignty, the immunitary paradigm of modern
politics, the relationship of humans with others animals and
with technology, the state of exception, and power/knowledge
relationships (4, 28–37). Such diversity brings ambivalence and
contradiction as well as negative (marginalizing, excluding,
repressing) and positive (affirmative, productive, empowering)
perspectives. Biopolitics shows the blurring of the public/private
boundary, the politics on life and of life, the administration of
populations, the production of profitable and docile bodies, and
marginalizing apparatuses underlying hierarchies (31, 36, 38).

Here it is convenient to come back to the notion of
apparatus as the system of relations between discursive practices,
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institutions, and more generally, anything with the capacity to
determine, control, model, or administer living beings. This
notion is related to the authorities of delimitation (39)—
“including philosophical, religious, scientific and legal”—that
delimit and authorize margins and legitimize their practices (40).
As one can read in Derrida (41), the original marginalization is
constitutive of the socialization of “human culture and of politics
itself ”; it is a marginalization that leaves animals on the periphery
and allows their domestication. Such domestication gives rise
to disciplinary and violent regimes (40) and to population
technologies for the administration of life. It becomes a model
of exploitation and establishes the basis of hierarchical orderings.

Animal domestication required demographic technologies to
control population densities, a complex mixture of enforcement
and behavioral tactics to administer animal resistance, and
care procedures to sustain life. The ensuing more-than-
human social relationships established a complex network of
codetermination. Demographic technologies for animals allowed
human demographic processes of growth and specialization.
Food surplus stimulated the formation of storage specialists,
leading to positive feedback on food surplus and available time
for the emergence of population administrators, accumulation
experts, and bureaucrats (42). Animals were not the unique target
of the mentioned mixture.

The increasing size and complexity ofmultispecies settlements
was the basis for further social differentiation, unequal
distribution of resources, and colonization (42, 43); a process
resting on the war against animals (44), the domestication of
human collectives, and technologies of accumulation.

Domestication also determined another phenomenon of
relevance for more-than-human health. Higher multispecies
densities set an appropriate scene for emerging zoonoses and
epidemics. So domestication is also a history of epidemics, turned
into pandemics by colonization.

The biopolitics of domestication is not a finished remote
history. Medical textbooks for 19th-century landowners
described procedures to reproduce slaves and increase their
productive efficiency, in many respects indistinguishable of
current livestock production procedures: compartmentalization
of facilities; populations divided according to demographic
criteria of productive and reproductive interest; classification
and monitoring of morbidity and mortality; prevention
of communicable diseases; reproductive selection (genetic
improvement); hygiene, nutrition, socialization, and other
generic practices to reduce losses of biological capital [see
the documented analyses of such practices by Smithers and
Camacho (45, 46)]. In the 20th century, the anti-Semite Henry
Ford talked in his autobiography about the disassembly line of a
Chicago slaughterhouse that inspired his assembly-line method
(47, 48), which in turn informed assembly lines to kill Jews in
Nazi Germany (30, 48). In the current century, big data and
artificial intelligence fuel genetic and molecular interventions
and disease surveillance across species, sophisticating biopolitics
and further blurring binary distinctions: natural/artificial,
human/non-human, public/private.

Marginalizing apparatuses come into play when biopolitics
inflict suffering and produce privileges. They are constituents

of speciesist, racist, ethnic, class, gender, capacity, and
geographic marginalization. Furthermore, the interaction
among marginalizing apparatuses creates more peripheries.

Animalization is a marginalizing apparatus applied to some
human groups. As recently as 1920, the Wildlife Conservation
Society (the same institution that decades later proposed
the One Health concept) was responsible for exhibiting Ota
Benga, a young black man, at the Bronx Zoo (49). Pugliese
makes a “deanthropocentric” reading of Foucault’s Madness
and Civilization to argue that the lack of rationality operated
the animalization of the so-called mad people, justifying their
confinement and physical restriction (40). Besides these and
other conspicuous examples of animalization, more nuanced
practices reinforce human marginalization (think in everyday
language). Moreover, animalization also operates in animals,
establishing a category of exploitable beings for human benefit.

It is worth noting that animalization does not consistently
downplay animals. Sometimes “animal” features are exalted and
attributed to humans (fondness, strength, agility) while “human”
characteristics (criminal, terrorist, beggar) justify violence against
certain human groups. Animalization is inherently aporetic as
it operates on who is already an animal, whether human or
not. Furthermore, animalization is not involved in all cases of
human marginalization.

The interaction between marginalizing apparatuses
encompasses more than animalization. Social class determines
the material resources of multispecies households. The
opportunities for humans and animals (especially the fate
of farm animals) are conditioned by disability and sex.
Gender is strongly associated with animal protection advocacy.
Concentrated Animal Feeding Operations exploit animals and
hire marginalized ethnic groups to do unhealthy jobs (50).
The racial marginalization of human communities affects the
multispecies collectives with which those humans entangle.

The above examples show that somemargins directly intersect
each other only in humans, others intersect in humans and
animals, while others simultaneously segregate multispecies
collectives. Race, gender, class, and ethnic margins rest on human
attributes, and through them, they affect multispecies collectives.
Species, sex, and disability margins target human and animal
subjects. Geographic margins segregate multispecies collectives.

The examples are gross simplifications of more complex
intersections. A Black non-heteronormative woman living in
a favela and protecting animals faces the burden of multiple
margins that compromise the capacity to care for her animals.
Worsened animal health and insufficient reproductive control
increase the psychological and economic demands, while
zoonotic spread and animal overpopulation exacerbate the
community burden. Moreover, many humans residing in favelas
were small farmers displaced by agribusiness apparatuses that
at the same time have devastating consequences for traditional
communities, wildlife, and exploited farm animals and workers.

The idea of intersecting margins is not new. It is at the
core of intersectionality, which emerged to address the legal
limitations to repair injustices suffered by Black women (51). One
of the claims of intersectionality is that the marginalization of
black women is not the sum of sexist and racist burdens; sex
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discrimination is not equally experienced by Black and White
women, just as racial discrimination differs between Black men
and women (51). Intersectionality has evolved among scholars
and activists, bringing together awareness, confusion, overuse,
and deeper explanations. The multiplicity of intersectional
concerns has grown because there are many heterogeneous
marginal experiences.

The overlay of peripheries produces particular experiences of
marginalization and resistance without requiring that attributes
of direct marginalization are present in the same individual
(as some examples above showed). Furthermore, different
peripheries share borders, giving rise to a remarkable possibility:
articulating each periphery’s strengths and needs supports a
collective resistance not to turn hierarchies upside-down but to
break margins. Thus, marginalized multispecies collectives can
strengthen intersectionality and benefit from it, but that requires
effective articulation, a non-trivial task.

Earlier, I mentioned accumulation experts and accumulation
technologies. Later, the examples of multispecies intersectionality
implicitly showed that capitalism is a shared marginalizing
apparatus, that is to say, a common target of intersectional
resistance. The biopolitics of animal populations was a condition
of possibility for human biopolitics, colonization, and capitalism.
These, in turn, reinforced and sophisticated animal biopolitics
and produced other marginalizing apparatuses. Therefore, what
is at stake is far from being a unidirectional process. A complex
network of power relationships constantly moves margins in
multiple directions, so individual and collective experiences of
marginalization are also dynamic.

Marginalizing apparatuses mobilize exploitation, care,
administration, discipline, subjectification, resistance,
affects, and legitimization. They produce and reproduce
peripheries that partially determine the health experience of
multispecies collectives.

ONE HEALTH

One health traditionally refers to the inextricable relationship
between human, animal, and environmental health. It is a
concept growing in popularity and application due to the
increasing awareness regarding many human diseases with
an animal origin and the multiple diseases that remain
zoonotic; from AIDS to dengue and COVID-19, from visceral
leishmaniasis to tuberculosis and influenza A (52–54). According
to the World Organization for Animal Health (OIE), 60% of
human infectious diseases are zoonotic, 75% of emerging human
infectious diseases originate from other animal species, and 80%
of agents with bioterrorist potential are zoonotic (17). Neglected
tropical diseases are mostly zoonotic or vector-borne (55) and
affect more than a billion people (56) as well as a high number of
animals. Neglected tropical diseases are a priority recognized by
the World Health Organization (WHO), particularly in its road
map for 2021–2030, which recommends One Health approaches,
to attain the Sustainable Development Goals (57). In the face
of growing global concern about emerging and re-emerging
zoonoses and antimicrobial resistance due to indiscriminate

overuse of antibiotics in human populations and other species,
One Health catalyzed the tripartite union between the WHO,
the OIE, and FAO (16). More recently, One Health approaches
entered in the general and specific objectives of the European
Union Programme for the Union’s action in the field of health
(“EU4Health Programme”) for the period 2021–2027 (58).

One Health is often represented as three partially intersected
sets (human, animal, environment). Thus, although humans and
animals are within the environment, part of the human and
animal sets is outside it. Furthermore, the partial intersection
between the human and animal domains is incongruent with
evolutionary theory since humans are animals. Of course,
representations can emphasize different issues; however, there
is no need to leave part of the sets out of the intersection.
Subsumption serves to represent the relationships, and it is in
line with the inclusiveness required to promote One Health
of Peripheries.

One Health of Peripheries, does not dogmatically cut animal
taxonomy to leave the human species on one side, and a wide
variety of species on the other side (Figure 1). Instead, there
are multispecies collectives whose species-specific constitution
depends on the health phenomenon in question; the division of
animal taxonomy into “human” and “animal” is understood as
a tool that may have didactic and strategic values and serve as
semantic abbreviation; however, the uncritical use of this tool
conflates the division with a constant of “nature” and hides its
biopolitical consequences.

In One Health of Peripheries, the environment is not
understood as an external domain related or partially intersected
by the human and animal domains. It is composed of
multispecies collectives, so multispecies studies can help to think
about it (10–12, 59); the environment is a set of relations
and agents located by them; entanglements; agents that even
as “individuals” reveal internal environments of microbiota;
complex assemblages of holobionts (60). It is an environment
without the dual ontology separating “human society” and
“nature” (10, 12, 61, 62).

There are many holistic approaches to promote the health
of such an environment. Many indigenous peoples have lived
over centuries with a sense of integration reflected in sustainable
and respectful environmental practices. Agroecology has learned
from them, incorporates contemporary technologies, and brings
equity to the center (63, 64). Living cities, recombinant
ecosystems, and other movements of sustainable urban systems
offer alternatives for cities (65–67). However, the colonial
mentality and capitalist order deplete resources and marginalize
collective endeavors driven by well-being instead of profit.
Thus, breaking marginalizing apparatuses is as crucial here
as elsewhere.

Besides the substantial difference between conventional One
Health and One Health of Peripheries as conceptual frameworks,
the last departs from the first in other directions. One Health
of Peripheries is a polysemic expression with an ontological,
an epistemological, and a practical sense. The first sense
refers to attributes determining the well-being and suffering
of peripheral multispecies collectives: a state, a process, the
realization of capacities (note that capacity is a key notion in
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FIGURE 1 | The conventional scheme partially intersect human, animal, and environmental health. In the proposed scheme of One Health, there is subsumption (One

Health, inclusiveness, internal environments with blurred boundaries), differentiated relations (edges of different thickness), and plurality (indexed elements). a:

non-human animal (species/collective/individual/intraindividual); h: human-animal (collective/individual/intraindividual); and e: vegetables, other living beings, inanimate

agents (species/collective/individual/intraindividual). Dashed boundaries show that there are many configurations for multispecies collection.

health promotion). The second problematizes the marginalizing
apparatuses that determine health. The third encompasses
practices against marginalization that informs and reinforces
peripheral resistance and learns from it.

These three senses are not independent; each one is inherent
to the others. While understanding and practice are attributes
of multispecies collectives, attributes and understandings
are practices and transformed by practice. Simultaneously,
understanding gives sense to attributes and practices. This
polysemy has material consequences, as theorizing new
attributes lead to other practices to pursue the wellness of
marginalized multispecies collectives.

The emphasis on marginalizing apparatuses has as a corollary
the existence of an heterogeneous peripheral cartography. Thus,
what follows in this section is an outline of peripheral regions
that are anything but the whole cartography. Choosing some
peripheries and not others is not an unproblematic decision; it
can reinforce marginalization. Indeed, we cannot do everything
simultaneously, but for that very reason, we must problematize
what is at stake in prioritization. My decision is somehow
arbitrary and shaped by my background. Nevertheless, I hope it
sheds some light on pathways to identify and fracture even the
margins I omit.

Neglected Diseases
With renowned institutions listing neglected diseases, it is easier
to see how the pharmaceutical industry disregards the needs
of unprofitable populations. However, stressing diseases might
divert attention from a fundamental point of neglect. Many
tourists have information about the safer travel periods to avoid
malaria, access to preventive medication, and health insurance to
receive the best available treatment regime if they got infected.

Rabies vaccine has been around for decades, but approximately
60 thousand humans die of rabies each year, mainly in the
global South. Thus, not anybody with a neglected disease is
neglected and what is at stake is not only the existence of
pharmaceutical treatments.

The fundamental neglect resides on multispecies collectives
and demands more than outreach policies. People representing
those collectives need effective political inclusion; plural
education to solve their problems and sustainably build their
communities; food security and sovereignty; the multispecies
collectives needmore-than-human health systems and decolonial
programs for caring ecosystems.

Domestic Violence
Violence is a cause of morbidity and mortality, and among the
approaches to address its complexity, it is the prevention of
violence against animals. Conviviality with companion animals
is growing, and in some countries, there are more dogs and cats
than children in households (68, 69). In multispecies homes,
animals enter into family dynamics and can be victims of
domestic violence. The violence against them is related to the
violence against children and women (70–74). In addition to
victims, animals are instruments of coercion used by perpetrators
to cause more suffering and control their human victims (75–79).

Domestic violence does not stem exclusively from individual
psychological factors. Lifestyles, conditioned by processes
of social reproduction, favor or protect against domestic
violence, depending on their configuration. Therefore, it
is important to consider the relationship between social
vulnerability, interpersonal violence, and violence against
companion animals (80–84).
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The investigation of violence against animals helps to detect
domestic violence cases involving several victims and broadens
the understanding of the perpetrators’ psychological profile
(73). Furthermore, animals can promote collective care and
self-care to counter violence (85, 86). However, the effective
prevention of domestic violence must address social vulnerability
and its social determination, in the broad sense, without
being restricted to economic poverty and exploring underlying
marginalizing apparatuses. It must dismantle the patriarchal
apparatus underlying domestic violence. Domestic violence in
One Health of Peripheries is socially determined, affects humans
and animals, and has institutionalized dimensions.

Geographic Peripheries
Geographic peripheries are heterogeneous, encompassing
countries, areas circumscribed within countries, and cross-
border regions such as rural areas, indigenous territories,
and favelas. Taking the last as an example, we can see how
geographic marginalization also circumscribes epidemiologic
profiles. Favela is a term with pejorative connotations, unsolved
by euphemisms. It refers more directly to the geographically
delimited precariousness ensuing from the historical exploitation
and concentration of wealth. Simultaneously, its polysemy point
to the constant meaning-making and remaking from within;
to the place from which resistance, creativity, and sensitivity
produce other epistemologies and lifestyles.

The favelas challenge conventional census methods and
thus receive differentiated treatment, starting from their
identification. For instance, the Brazilian Institute of Geography
and Statistics (IBGE) defines favelas as places with at least 51
housing units irregularly occupied, under urban irregularities,
or lacking essential public services (87). It calls them subnormal
agglomerates. Census definitions, although limited, give an idea
of quantity. There were 6,329 favelas in which 6% of the
Brazilian population lived in 2010. The State of São Paulo
had the highest concentration of households in favelas (23.2%),
including∼11% of its metropolitan population (87). Thus, health
problems affecting favelas compromise millions of individuals in
the country. Globally, projections suggest that in 2030 the human
population will be 8.1 billion, 5 billion (61.7%) will live in urban
areas, and 2 billion (24.7%) will live in favelas (88).

The neglect of favelas continues worldwide. The health in
favelas is different from the urban health and health in poverty
because not all people living in favelas are poor, and not all poor
people in cities live in them (89). The favelas’ contextual effects on
health are mediated by imposed risks and the lack of resources
(money, time, infrastructure, knowledge), establishing a vicious
circle of vulnerability due to the increased burden of diseases that
compromises the individuals’ opportunities for economic and
social inclusion.

The favelas’ contextual effects impinge on multispecies
collectives, and this is even more neglected. Animals are exposed
and vulnerable to pollution, humidity, darkness, insufficient
ventilation, malnutrition, and high population densities. There
is a need to promote animal health for the sake of the animals
but also for the sake of humans living with them. The life cycle of
animals is shorter than in humans. Its monitoring contributes to

the early detection of chronic diseases and other health problems
resulting from exposure to unhealthy environments (90, 91). As
favelas’ boundaries are not hermetic and do not entirely restrict
their contextual effects, improving their health reflects outside
them. Favelas are peripheral but not isolated. Turning favelas
into healthy places reduce infectious diseases, the need to use
antibiotics, and thus antimicrobial resistance, one of the top ten
global health problems according to the WHO. But as with any
periphery, that turn requires structural changes, the dismantling
of the underlying marginalizing apparatuses.

Homelessness
“Homelessness” usually refers to the condition of humans
without a permanent residence, a dynamic situation that can
vary from 1 day to a lifetime, depending on the availability
of social and economic resources to have access to such
permanent residence.

Homelessness is a structural problem of social organization
around private property, worsened by the precariousness of
working conditions and welfare policies. However, it also results
from other processes, such as the abandonment of homes to
escape domestic violence or home dynamics incompatible with
drug abuse, psychiatric illnesses, and other conditions.

In addition to humans, companion animals can turn homeless
due to abandonment or because they got lost. They may be
born homeless, remaining as such for the rest of their lives or
until rescue.

Dogs and cats are still properties, and therefore their
homelessness also represents a private property problem. On
the one hand, the legal consequences of abandoning an animal
property might not be sufficiently persuasive to avoid animal
abandonment. On the other hand, the property status might
reduce and even eliminate the moral responsibility regarding
animal abandonment.

Although the processes that lead humans and companion
animals to homelessness are different, some effects are similar
regardless of the species. Homeless individuals suffer abuse.
Adversities (climatic, nutritional, emotional) cause suffering and
compromise the immune system, thus adding to the lack of
hygiene that predisposes to infectious diseases, worsened by the
lack of access to health services.

In their marginalized condition, homeless humans and dogs
find each other and create emotional bonds (92, 93). Humans
even prioritize dogs when sharing available food (94), and
may prefer to remain on the streets than stay overnight
in places that do not accept their canine companions (95).
Citing Sakelaropoulos et al. (96), Taylor describes the humans’
emotional bonds with cats and even rats (93). The latter and
other synanthropic species live on public spaces and pose specific
challenges that increase the health complexity of multispecies
collectives living on the streets.

Direct actions on homeless multispecies collectives could
involve networks of shelters and adoption programs for
humans (mainly children in the case of adoption) and
companion animals, as well as contraceptive and “humanitarian”
elimination programs for synanthropic populations. These
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actions complement but do not replace structural approaches of
health promotion and disease risk prevention.

Regardless of their species, the homeless are members of the
living cities conceptualized in critical geography (65). OneHealth
in the urban context turns out to be the health of these living
cities, and their improvement demands special considerations
about homelessness. First, promoting lifestyles as opposed to
the conditions that lead humans and companion animals to
homelessness. Second, urban planning to promote biodiversity;
planning for the so-called recombinant ecosystems and green
cities (65, 67).

Agribusiness Externalities
Ending hunger is one of the United Nations’ Sustainable
Development Goals (97). Agribusiness has responded to such a
goal by intensifying production, reducing food prices, generating
jobs, and contributing to Gross Domestic Product (GDP).
However, qualifying that response requires taking externalities
into account. Although some externalities are gaining visibility,
others remain peripheral.

The Intergovernmental Panel on Climate Change (IPCC)
concluded, with a high level of confidence, that “climate change
is expected to lead to increases in ill-health in many regions and
especially in developing countries with low income, as compared
to a baseline without climate change” (98). Greenhouse gases
(GHG) are the leading cause of climate change (99), and farm
animals are the largest source in agriculture (100). Furthermore,
single-crop farming is another source of GHG itself. Its expansion
often leads to more emissions due to the intensification of farm
animal production to compensate for the loss of pastures (101).

The expansion of agricultural frontiers reduces biodiversity
and increases the risk of many zoonoses occurrence (102).
However, zoonoses control proposals are typically biomedical or
focused on proximate risk factors. They hardly question the food
production systems’ status quo, thus losing the opportunity to
find more favorable scenarios in terms of zoonoses, protection
of biodiversity, and other externalities. Moreover, the loss of
biodiversity is rarely understood as a direct One Health problem,
characterized by increases in mortality rates of multiple animal
and plant species (103), and losses of multiple ethnic collectives.

Water consumption and pollution are other externalities of
agribusiness. In Brazil, for example, it is estimated that land
irrigation consumes 72% of the country’s water supply (104),
and feeding farm animals consume 79% of the cultivated protein
(105). Simultaneously, the water network did not serve 33.2
million people in 2018 (106). In animal production systems,
sources of water pollution include pharmaceutical residues
(including antibiotics), heavy metals, chemicals, excrement, and
pathogens; as for crops, in addition to heavy metals and
chemicals, pesticides with carcinogenic potential are of particular
concern (107).

Agribusiness creates jobs and contributes to GDP. However,
it matters what kind of jobs, in a context of employees
with little bargaining power against growing oligopolies
(108, 109). For instance, in subaltern countries, subsidies
persuade smallholders to submit themselves to exploitation by
transnational corporations at the expense of agrarian reforms to
promote diversified agriculture equitably (108, 109). Meanwhile,

in rich countries, unhealthy conditions in intensive production
systems difficult the recruit domestic workers, which has been
circumvented by hiring immigrants, including those who are not
authorized to work. (110, 111).

Unhealthy work can occur for several reasons. In the
production of fruits and vegetables, pesticides are potential
carcinogens (107, 112, 113). In intensive animal production
systems, toxic gases, vapors, and particles pollute the air and
cause respiratory diseases (114–116). Farm environments
and slaughterhouses can predispose to physical trauma,
depression, and drug use (50, 111). Stressful and overpopulated
environments also predispose to animal diseases, and their
treatment with antibiotics results in antimicrobial resistance
affecting human workers and their families (117–120). In
slaughterhouses, the mass killing of animals is a violent job that
can affect the employees’ mental health, and slaughterhouse
employment has been causally linked to increased crime rates in
communities neighboring such slaughterhouses (121).

The externalities on farm animal wellness have been explored
elsewhere (109, 122). Here I want to emphasize that despite
recent theoretical advances on multispecies justice and labor
issues involving animals (13, 15), forcing animals to produce
continues without considering labor rights for them. Farm
animals are subjected to a commodification strategy that
transforms the violence perpetrated on sentient beings into
procedures to increase production efficiency.

While happy farm animals appear in bucolic images (in
children’s books and milk packages) and Ag-gag laws prevent
the investigation and disclosure of animal abuse (123, 124),
the real farm animals are pushed to their physiological limit,
constantly expanded by genetic, medical, and pharmacological
technologies. Billions of these animals are slaughtered, requiring
hasty procedures that challenge labor safety and animal suffering
mitigation. Moreover, cruelty procedures continue in use: male
chicks shredded alive when the objective is egg production; sows
housed in cells that prevent them from turning their bodies;
small cages that do not allow birds to extend their wings;
prematurely brokenmother-offspring bonds; routine amputation
and without anesthesia of beaks, teeth, horns, and tails to increase
confinement density and avoid cannibalism ensuing from the
stressing environment.

Agribusiness produces externalities protected by strategies
of governmentality (109). It destroys the environment and
uses cruel methods against animals. Simply talking about job
creation and GDP contribution does not say anything about
the working conditions or the profit distribution. Externalities,
including subsidies, outweigh the final prices paid by consumers
of agribusiness’ commodities and threaten global sustainability.
Agribusiness marginalize multispecies collectives inside and
outside farms.

SOCIAL DETERMINATION OF HEALTH

There are discussions about health complexity beyond
biomedical issues. In Latin America, social medicine (nowadays
collective health and critical epidemiology) has developed
conceptual frameworks for the social determination of health
since the 1970s. After the turn of the century, the WHO has
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popularized a conceptual framework of the social determinants of
health. Despite criticisms from critical epidemiology to theWHO
proposal for being in practice more complicit with the status quo
structuring inequities (1, 125, 126), both positions point to the
need to transcend biologism and individualism in health, but
they also reduce the social to the human domain. However, some
approaches to One Health show that reducing social relations
to humans is misleading (23, 52, 127), whereas biopolitics and
sociology set background to think a more-than-human social
determination of health (9–11, 30, 128–130).

In the WHO’s conceptual framework, structural determinants
create health inequities through intermediary determinants (3).
The structural determinants refer to the mechanisms by which
political, economic, and social contexts generate “hierarchies of
power, prestige, and access to resources” (3). The intermediary
determinants are material and psychosocial circumstances,
behavioral and biological factors, and the health system itself;
they are a consequence of individuals’ hierarchical positions.
They are also the cause of exposures and vulnerabilities leading
to health inequities (3).

Social cohesion and social capital are considered as both
structural and intermediary determinants while the health
state affects individuals’ opportunities and thus feedback into
the hierarchical structure (3). In short, it is a conceptual
framework of causal nature where structural determinants have
a position of precedence and prominence. The identification and
measurement of the hypothetical effect of causal factors inform
decision-making to reduce health inequities.

The social determination of health theorized in Latin
America is not synthesized in a single reference. However,
a common feature of different perspectives is that social
determination is a category of critical analysis (1, 2, 131, 132).
According to Samaja, social determination is a historical and
ongoing process through which social hierarchy levels are “self-
produced and reproduced, generating tensions and conflicts
that motivate actions of restoration and transformation” (132)
[translation is mine]. A given hierarchical level reproduces itself
as a whole, regulating its parts (levels subsumed by it) to
maintain the whole structure (132). However, the regulation
is not absolute, and the relative autonomy of the parts is a
source of change that produces new wholes (levels subsuming
them) (132).

In this dialectic movement between regulation and relative
autonomy, healthy and unhealthy forces configure epidemiologic
profiles characteristic of the different hierarchical levels and
positions within the levels (131). For instance, the family
is one of such levels. The relative autonomous lifestyles of
family members, as well as the regulations from higher social
organization levels (community, political-administrative
territorial divisions, contractual associations, and other
institutions), determine their epidemiologic profile.

Despite fundamental differences between the two conceptual
frameworks, they intersect at two points. Both identify a
structural dimension (socioeconomic and political context in
the social determinants; social production and reproduction
in the social determination) and the ensuing hierarchy that
imposes constraints on individuals according to their hierarchical

position. Both point to the triple inequity of health determined by
class, gender, and race/ethnicity.

One Health of Peripheries also intersects these points. The
first from a biopolitical perspective in which the political is
neither an external precursor of hierarchies nor an instrument
monopolized by the most privileged hierarchical levels. The
political is the relationships among individuals, the hierarchical
order itself, it is realized and not owned, it is the foucauldian
micro-physics of power (133) involving animals. Therefore, One
Health of Peripheries participates in the second intersection in its
theorizing of multispecies forms of health inequity.

Structural One Health is another helpful reference that
goes beyond proximate causes to explore the crucial role of
agribusiness in the production of zoonoses and pandemics
through circuits of capital (52). However, it is worth noting
that structural One Health and One Health of Peripheries
differ. First, there is a difference of scope because One Health
of Peripheries extends beyond infectious diseases. Second,
structural One Health stresses more extensive empirical causal
processes, whereas One Health of Peripheries agree with the
need for more comprehensive causal explanations but stresses
dialectical process to overcome the limitation of causal reasoning
and empirical evidence. Third, power relations and health
inequities are explicit multispecies phenomena in One Health
of Peripheries. It is beyond the scope of this paper to explore
the details of the (eco)social determination of One Health of
Peripheries, so I will leave that for future works.

FIELD OF PRAXIS

Field and habitus are bourdieusian concepts incorporated in
collective health. From them, we can think about health practices
and knowledge as elaborated by subjects conditioned by symbolic
structures like language and culture that allow and shape their
representations and actions. Therefore, health is for health
practitioners what they can know about it, so transforming the
conditions that make knowledge possible changes health. In
other words, the transformation of symbolic structures is also a
health practice and affects health.

Practices are produced, perceived, and appreciated by habitus,
a system of schemes “constituted in the course of collective
history and acquired [and transformed] in the course of
individual history” (8, 134) [translation is mine]. Individuals’
habitus depends on hierarchies, so individual’s perceptions,
knowledge, and practices reveal their position and shape their
relationships with individuals in other hierarchical places.

The field is the social space constituted by hierarchical
relationships that condition the habitus and gain from this its
meaning and value (135). In the filed, cooperation and conflict
preserve or transform hierarchies. The most privileged positions
have more capital—economic, cultural, social, and symbolic—
to shape and legitimize hierarchies according to their interests.
These interests are not necessarily conscious because, as part
of the habitus, they are inculcated in “institutionalized spaces
(family, school) by specialized agents who impose arbitrary
norms using disciplinary techniques” (8) [translation is mine].
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Peripheral positions “intervene as a passive, contrasting
reference point” (8) [translation is mine]. Here is again the
contrasting position of animals; those who want more capital
to fight and legitimize their interests need a “social promotion
experienced as an ontological transformation or as a process
of civilization, a leap from nature to culture, from animality
to humanity” (8) [translation is mine]. Thus, our relationships
with animals are among the conditions of possibility of the
habitus we acquire, and this, in turn, gives meaning and value
to multispecies assemblages.

Depending on the habitus and the field, one will see,
among others, unfitted mads who deserve their misfortunes,
or psychiatric patients who can become more productive when
receiving treatments provided by the pharmaceutical industry,
or unhealthy exploitation regimes by way of progress. One will
see pests and reservoirs of infectious agents that threaten public
health, or multispecies collectives that share susceptibilities, in
need of comprehensive health policies. Therefore, what enters
into the health field and the way it enters is a social process.

Health practice is not neutral and can reinforce inequities.
On the contrary, promoting One Health of Peripheries is an
explicit commitment to reduce more-than-human inequities.
Thus, the field of practice for such promotion is more specific;
it is a field of praxis. Here I take praxis from Paulo Freire
as reflexive action against oppression, toward liberation (136).
Praxis as action informed by knowledge about the pathological
effects of marginalization, and knowledge built on actions
against marginalization.

In the field of collective health, there is extensive reference
to “health promotion” and “life preservation” (137), non-
anthropocentric perspectives (1), and “diversity of objects and
theoretical discourses, without recognizing any hierarchical and
evaluative perspective about them” (138) [translation are mine].
However, any generic reference to life or health is systematically
pointed to the human, overlooking that life and health are more-
than-human. This is a blind spot of collective health, brought to
light by the praxis of One Health of Peripheries.

As a subfield of health, collective health does not
need to cover everything that concerns health, and in
this sense, it could be limited to the human. However,
if collective health is transdisciplinary (139), concerned
with the social determination of health (1) and aims at
the “production of an expanded knowledge of health”
(140) [translation is mine] it should promote One Health
of Peripheries.

CONCLUSION

One Health of Peripheries is experience, understanding,
and transformation to improve the wellness of marginalized
multispecies collectives. One Health of Peripheries is about
breaking margins to pursue multispecies justice.

Biopolitics and other critical perspectives offer conceptual
tools to understand why marginalizing apparatuses determine
most of the burden of ill-health and why we need multispecies
intersectionality to achieve equitable alternatives.

Biological solutions stripped from the more-than-human
social reality will not solve the remarkable challenges posed by
mainstream One Health. Indeed, insisting on supposed apolitical
and non-ideological epidemiologic settings of transmissible and
physiopathological processes is part of the problem, just as
pretending that all we need is a strong pharmaceutical industry
supported by patents, intersectoral collaborations between
“symmetrical” parties, and good deeds of the global North toward
the global South.

The social determination of health is a comprehensive
framework to embrace health complexity. However, it has a
blind spot: One Health of Peripheries. The anthropocentrism of
collective health perpetuates marginalization and limits the reach
of health promotion.

One Health of Peripheries takes advantage of more-than-
human biopolitics, One Health, collective health, and other
sources of knowledge to inform the commitment of taking
multispecies collectives out of peripheries. Such diversity
inevitably incorporates theoretical difficulties.

It is worth noting that I am talking about One Health of
Peripheries instead of One Health on Peripheries. That makes
the commitment stronger as it is not purported to be a top-
down endeavor. As a side comment, it was working with
communities in favelas that I felt the need for a different
theoretical background. Thus, I ended up trying to give sense to
One Health of Peripheries.

The plurality of (academic, popular, and traditional)
knowledge and the decolonial commitment of One Health of
Peripheries need an explicit agenda. In another paper, we frame
colonial apparatuses of marginalization, elaborate on how the
epistemologies of the South are suitable to work with plural
knowledge, and propose seven actions to promote One Health of
Peripheries (18).
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A critical step for decreasing zoonotic disease threats is to have a good understanding

of the associated risks. Hunters frequently handle potentially infected birds, so they

are more at risk of being exposed to zoonotic avian pathogens, including avian

influenza viruses (AIVs). The objective of the current study was to gain a better

understanding of Cuban hunters’ general hunting practices, focusing on their knowledge

and risk perception on avian influenza. An anonymous and voluntary semi-structured

questionnaire was designed and applied to 398 hunters. Multiple correspondence

analyses found relationships with potential exposure of AIVs to people and domestic

animals. The main associated risks factors identified were not taking the annual flu

vaccine (60.1%) and not cleaning hunting knives (26.3%); Direct contact with water

(32.1%), cleaning wild birds at home (33.2%); receiving assistance during bird cleaning

(41.9%), keeping poultry at home (56.5%) and feeding domestic animals with wild bird

leftovers (30.3%) were also identified as significant risk factors. The lack of use of some

protective measures reported by hunters had no relationship with their awareness on

avian influenza, which may imply a lack of such knowledge. The results evidenced that

more effective risk communication strategies about the consequences of AIVs infecting

human or other animals, and the importance of reducing such risks, are urgently needed.

Keywords: avian influenza, hunter, wild bird, risk perception, pandemic, One Health, Cuba

INTRODUCTION

Influenza A viruses (IAVs) are among the most challenging viruses that threaten both human
and animal health (1). Their ability to transmit between different species and, to undergo genetic
reassortments is extremely alarming (2). In fact, the best studied pandemic influenza viruses, like
those of 1918, 1957, 1968, and 2009, ultimately acquired some or all of their gene segments from
the avian IAV gene pool with swine origin genes also being present in some viruses (3).

Wild aquatic birds, especially birds in the orders Anseriformes (ducks and geese) and
Charadriiformes (gulls and shorebirds) thatmigrate in large numbers fromNorth America to Cuba,
are considered natural hosts for most IAV subtypes (4, 5). In fact, the migratory nature of many
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waterfowl species, along with the potential persistence of avian
influenza viruses (AIVs) in them, presents a potential route for
global dissemination and spillover of these viruses (6, 7).

Individuals who are engaged in occupations requiring animal
handling (hunting, butchering, etc.) or those working in
agricultural areas or forests, are at increased risk of exposure
to AIVs compared to the general population (8). Direct
transmission of AIVs from wild birds to hunters, or anybody
interacting with wildlife, might have at least two significant
outcomes; a direct introduction of a novel virus that could
be sustained by human-to-human transmission, or a possible
reassortment event where avian genes could be incorporated into
an existing seasonal human influenza strain (9).

Poultry keepers and wild bird hunters are considered at
highest risk of contracting AIV infections (10). However, wild
bird hunters are likely to be at highest risk considering the high
number of people involved in hunting and the direct nature
of their contact with dead wild birds and bird carcasses during
cleaning. Furthermore, some duck species which are commonly
hunted in Cuba are known to have the highest prevalence level
for AIVs (4). Since AIVs are known to replicate in wild bird in the
absence of overt signs of disease (11), it is possible that apparently
healthy hunted birds could spread AIVs to the hunters.

In addition to the direct AIV exposure risk for hunters, they
may also indirectly cause the dispersal of such viruses in the
environment, with the possibility of spillover to other species. It
is known that AIVs are able to infect a broad range of host species
(5) include several mammals and poultry, on occasions with
significant economic losses. Despite the fact that AIVs often exist
in their wild bird reservoir host as low pathogenic viruses (12),
when they infect poultry, they can evolve to cause serious disease
termed highly pathogenic avian influenza (HPAI), with severe
economic consequences (13). Since the poultry sector provides
one of the most popular sources of animal protein around the
world, owing to its affordability, nutritional value and lack of
cultural restrictions, AIVs represent an important threat to food
security. All these facts clearly demonstrate the need to address
the associated risks from a “One Health” perspective (14).

Good knowledge, attitudes, and practices (KAPs) targeted
toward certain diseases or infections among the public are
essential for successful control and outbreak prevention of
pandemics (15, 16). However, efforts to better define KAPs in
hunters have been scarce, and mainly limited to Canada and
the United States of America (17–19). Since, behaviors and risk
attitudes can vary from country to country, studies in different
countries where different practices are carried out are well-
justified. The objective of the current study was to gain a better
understanding of Cuban hunters’ general harvesting practices,
knowledge and risk perception on avian influenza (AI).

MATERIALS AND METHODS

Survey
A semi-structured questionnaire (see Supplementary Material)
was designed taking into account related works on this subject
(17, 18). The survey was validated by local knowledgeable
hunting specialists (n = 3) and a small group of local wild

TABLE 1 | Variables related with knowledge, perception and risk attitudes used

for analyses.

Variable Kind of

variable

Description

Knowledge about avian

influenza

Knowledge As a potential proxy for adopting

protective measures

Wild bird hunting as risk for

health

Knowledge As a potential proxy for adopting

protective measures

Water contact during

hunting

Attitude As a proxy for getting infection from

water

Smoking Attitude As a proxy for getting infection

through oral way with contaminated

hands

Hunting with dogs Attitude As a proxy to reduce contact with

water

Cleaning hunted birds at

home

Attitude As a proxy for AIV dissemination to

new locations

Get assistance for birds

cleaning

Attitude As a proxy to expose additional

individuals to virus infection

Sharing hunting knives with

household uses

Attitude As a proxy to contaminate food

Cleaning knives after

hunting

Attitude As a proxy for reducing risk of

infection

Having backyard poultry at

home

Attitude As a proxy to propitiate AIV to evolve

Feed domestic animal with

bird leftover

Attitude As a proxy for spillover

Unvaccinated against flu Protective As a proxy for virus viral genome

reassortments in case of coinfections

Washing hands during

hunting

Protective As a proxy for reducing risk infection

bird hunters (n = 5). A total of 398 Cuban wild bird
hunters were recruited to the study. The survey was conducted
opportunistically taking advantage of planned meetings between
2016 and 2018 of the Sport Hunting Cuban Federation (FCCD),
which has around 4,025 members (20). No information on
avian influenza was provided to hunters before giving them the
questionnaire. The surveys that were <50% completed were
discarded. For statistical purposes, in the cases of incomplete
surveys the proportions of the response were rescaled according
to denominators of the completed answers.

Descriptive Analysis
The demographic variables were analyzed through descriptive
statistics. The variables of age and experience of the hunter were
categorized according to the median. Variables related with risk
or knowledge (Table 1) were compared by proportion analysis
with a confidence interval of 95% using theWINPEPI application
(21) and a Wald Test in the CompaProp application (22). To
evaluate the risk perception level about AI, a univariate and
multivariate logistic regression were carried out with p-value <

0.05 using the SPSS v.21 program. For this analysis, hunters
were categorized according to their hierarchic status (Hunters
belonging to the FCCD Steering Committee vs. those only
dedicated to hunting) within the Federation.
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Multivariate Analysis
Multiple correspondence analysis (MCA) and hierarchical cluster
analysis were executed using the FactoMineR package (23)
through R v3.5. The variables with p-values higher than 0.05
were discarded. A minimum number of latent variables (or
components) with linear combinations of the original variables
that are independent from each other were defined (24). The
number of dimensions in the analysis was selected according to
the percentage of inertia.

MCA was also used in pre-processing to transform categorical
variables into continuous ones in order to perform a cluster
analysis by ascending hierarchical classification (Ward’s method
and Euclidean similarity distance between observations) (24, 25).
Homogeneous subject profiles based on the MCA dimensions
assuming that they have substantive coherence (24, 26) were
defined. The coordinate distribution of MCA categories in a
two-dimension space based in eigenvalues and the variable
description by categories of clusters were combined for the result
representation with Ggplot2 package in R v3.5. The variables:
Knowledge about avian influenza, Wild bird hunting as risk
for health, Age and Experience Categorized, and Hierarchic
status were used as supplementary variables in the MCA and
cluster analysis.

Ethical Approval

Participants were provided with information describing the study
objectives and they were reassured that all responses would
be anonymous.

Informed Consent

Verbal informed consent of willingness to participate in the
study was obtained from each respondent before they filled in
the questionnaire.

RESULTS

A total of 398 out of 403 (98.76%) surveys were valid from
which 305 (76.63%) were completed in full. Of the valid surveys
17.83% belonged to hunters with coordination responsibilities at
the provincial or national level in the FCCD. Among responders,
only one was female. The number of hunting days/year and the
number of hunted birds/year accounted for the higher variability
in the descriptive analysis (Table 2). Ducks were hunted by 215
out of 252 (85.3%) of the surveyed hunters, of which 82 (38.14%)
referred to the capture of Blue-winged teal (Spatula discors).

The categorized variables formed two groups based on age
and experience: young people (≤50 years) and older people
(>50 years), as well as hunters (≤17 years) with little hunting
experience and the most experienced hunters (>17 years).

Six groups were formed according to the proportion of the
risk factors. Hygienic practices with knives (85%, CI95%:82–
89%) and hands (86%, CI95%:81–88%), Water contact during
hunting (77%, CI95%:73–81%), Knowledge about avian influenza
(75%, CI95%:71–79%) and cleaning hunted birds at home (74%,
CI95%:70–79%) were the questions with a greater proportion
with affirmative replies. The questions related to hunter’s

TABLE 2 | Interquartile ranges of quantitative and demographic variables of wild

bird hunters surveyed from 2016 to 2018 (Q1: quartile 25%, Q3: quartile 75%,

IQR: interquartile range).

General variables Minimum Q1 Median Q3 IQR Maximum

Number of hunting days per

year

1 30 40 80.25 50.25 240

Number of hunted birds per

year

3 44 61 143 99 1,800

Quantity of hunting months

per year

1 5 6 7 2 12

Hunter age 17 41 50 59 18 85

Hunting experience (years) 1 10 17 30 20 82

TABLE 3 | Relationship of risk attitudes and knowledge of Cuban hunters on

avian influenza virus exposure.

Variable Total

answer

Proportion of

affirmative replies

(CI 95%)

Wald test

significance

Washing hands after hunting 393 0.86 (0.822–0.893) a

Cleaning knives after hunting 379 0.85 (0.810–0.884) a

Water contact during hunting 396 0.77 (0.728–0.813) b

Knowledge about avian influenza 393 0.75 (0.705–0.793) b

Cleaning hunted birds at home 393 0.74 (0.697–0.786) b

Flu unvaccinated against flu 393 0.64 (0.594–0.591) c

Wild bird hunting as risk for health 394 0.59 (0.544–0.643) c

Hunting with dog 397 0.58 (0.532–0.631) c

Having backyard birds at home 388 0.48 (0.431–0.533) d

Get assistance for bird cleaning 397 0.46 (0.414–0.514) d

Sharing hunting knives with

household uses

393 0.46 (0.405–0.506) d

Feed domestic animal with birds

leftover

387 0.38 (0.331–0.430) e

Smoking 395 0.35 (0.307–0.404) e

Proportions with different letters in Wald test differs according to the calculation of

confidence intervals.

CI, confidence interval.

attitudes (two last groups) had a lower proportion of positive
answers (<50%) (Table 3).

Eight out of 13 studied variables were significant (p < 0.05) in
the univariate analysis (Supplementary Table 1). Of these eight
variables, having backyard poultry at home and smoking were
significant in the multivariate analysis with an odds ratio (OR)
of 2.37 (CI 95%: 1.247–4.515) and 2.203 (CI 95%: 1.083–4.483),
respectively, for the hunters with managerial responsibilities with
respect to pure hunters (Table 4). However, these categories did
not have any significant differences in knowledge on AI.

MCA and Hierarchical Cluster Analyses
A variability of 61.9% was observed for the four first dimensions
in the MCA analysis of hunters’ exposure to AIVs. The variables
with the main contribution to the first dimension were: be
unvaccinated against flu (60.1%), be a smoker (54.4%) and not
cleaning hunting knives (26.3%). The variables of direct contact
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TABLE 4 | Maximum likelihood estimates of multivariate regression function of variables derived from individual analyses between Manager hunters and Pure hunters.

Variable B SE Wald P Odds ratio 95% CI for odds ratio

Feed domestic animal with birds leftover 0.613 0.336 3.331 0.068 1.846 0.956–3.566

Having backyard poultry at home 0.864 0.328 6.936 0.008 2.373 1.247–4.515

Smoking 0.790 0.362 4.751 0.029 2.203 1.083–4.483

Cleaning hunted birds at home −0.885 0.446 3.925 0.048 0.413 0.172–0.991

Hunting with dog −0.896 0.339 6.974 0.008 0.408 0.210–0.794

Knowledge about avian influenza −1.401 0.548 6.533 0.011 0.246 0.084–0.721

B, estimated slope; S.E., standard error; Odds ratio: [Exp (B)].

with water (32.1%) and cleaning wild birds at home (33.2%)
headed the second dimension. The third dimension included
hunters that received assistance during bird cleaning (41.9%) and
hunters who did not wash their hands (23%), while the fourth
dimension was represented by people that used hunting knives
in household activities (67.8%) and hunted with dogs (33.9%)
(Supplementary Table 2).

The hunter’s practices and/or attitudes that exposed them to
AIVs were identified into the three groups (Figure 1). Most of
the risk categories were within the first cluster whilst the second
group was the smallest.

The inertia of two first dimensions was 62.66% for analysis of
AIV exposure to domestic animals. The variables hunting with
dog (56.4%), have poultry at home (56.5%) and feed domestic
animals with bird leftover (30.3%) predominated in the first
dimension. The transfer of hunted birds home for cleaning was
the most represented variable in the second dimension (83%)
(Supplementary Table 3).

According to hunter’s behavior, four groups were obtained
in the cluster analysis (Figure 2). Interestingly, hunters who did
not clean birds at home didn’t share characteristics with any of
the other clusters. On the contrary, the first cluster showed a
high potential risk of AIV exposure for domestic animals. The
variables hunter age and hunting experience were not associated
to the other variables.

DISCUSSION

This study targets the “first-line” people (wild bird hunters) who
might both acquire infection with AIVs and expose domestic
animals to them. Cuban hunters were found to have limited
knowledge of avian influenza and associated risks which demands
a more effective risk communication strategy to bridge the gaps
between knowledge and practical actions.

The current investigation did not show a relation between
knowledge on AI and the adoption of protective measures.
Therefore, it is likely that the understanding on AI of the
surveyed hunters could be rudimentary or insufficient to be
translated into protective behaviors. However, this knowledge
was greater in terms of the risk of exposure of AIV to domestic
animals. This could be related to the fact that risk communication
has been focused on the consequences of infection with AIVs
for poultry, compared to infection of human. Another possible

explanation for such differences is that effects might depend upon
the specific type of knowledge measured (10).

Limited knowledge, low risk perception and inadequate
protective behavior can increase the risk of infection with
AIVs (10). However, differences between stated knowledge and
practical knowledge are recognized (27). Most hunters were
aware of AI but were not actively preventing the introduction
and transmission of the virus as they perceived it as a low
risk to their health, as described by Oruganti et al. (19).
Likewise, other investigations show high AI knowledge levels but
insufficient adoption of protective measures (10, 28). Just because
hunters may know about a wildlife disease and how to prevent
exposure to it does not imply they perceive a risk of exposure
(19). The fact that knowledge about AI did not translate into
protective behaviors was notable even within the subgroup of
hunters with organizational responsibilities within the FCCD.
This emphasizes the need for risk communication actions with
emphasis on those in a position to play a more active role in the
transfer of knowledge within the Federation.

Preventive measures such as hand washing and wearingmasks
are fundamental for counteracting influenza virus infection (29).
The data on protective behaviors showed that washing hands
was a standard practice. However, accessible water in wetlands
may be contaminated with water-borne microorganisms. In
particular, a study about the potential for avian-origin viruses
to remain infective in North American wetlands for extended
periods proved its viability at a mean temperature of 4.2–4.9◦C
(−0.1–22.9◦C) (30). Given the lipid nature of the envelope
of IAVs (29, 31) the most practical and effective method of
decontamination during hunting is the use of alcohol gels as
a disinfectant.

Consistent with other studies (10, 18, 32) washing hands
and cleaning hunting utensils after finishing the activity were
the most prevalent practices, which can reduce hunter’s AIV
exposure. Remarkably, inexperienced hunters who don’t know
about AI, practiced these activities less frequently, which
highlight the importance of knowledge.

Knowledge about effective behaviors is particularly likely
to enhance perceptions about efficacy of conducts, which
have consistently been linked to precautionary practices (33).
Nevertheless, knowledge alone is not enough to produce behavior
changes because it depends of economic and social factors that
enable or disable such change (10). Consequently, effective risk
communication strategies could be necessary to improve the
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FIGURE 1 | Clustering of variables associated with the potential exposure of hunters to avian influenza viruses. Symbols with the same shape or color belong to the

same cluster and their particular characteristics appear below in correspondence with the letter that identifies them. Cluster 1: Clean birds at home (D), High hunter

experience (I), Have knowledge on avian influenza (L), Direct contact water (N), Clean knives after slaughtering (P), Don’t smokes (R), Flu unvaccinated (U), Washing

hands after hunt (V); Cluster 2: Don’t hunt with dog (A); Don’t clean birds at home (C), Low hunter experience (J), haven’t knowledge on avian influenza (K), Haven’t

direct contact water (M), Don’t clean knives after slaughter (Q), Don’t washing hands after hunt (W), Sharing hunting knives in household activities (X); Cluster 3: Hunt

with Dog (B), Receives bird cleaning assistance (O), Smokes (S), Flu vaccinated (T), Don’t share hunt knives in other activities (Y).

knowledge level and generate protective attitudes and practices
to reduce exposure risk to AIVs.

The low flu vaccination coverage in the surveyed hunters,
may be due to less concern about infection, which is the
strongest predictor of vaccination uptake (34) and it constitutes a
demand for actions to reduce the risk of reassortment of IAVs
in this population stratum. Vaccination is the main measure
for preventing seasonal influenza and its potential complications
(35). Vaccination of groups with a higher risk of exposure to
AIVs, such as poultry workers, is recommended by the anti-
pandemic Global Action Plan (36). In Cuba since 1998, the
National Vaccination Policy for Seasonal Influenza prioritizes at
risk groups (37, 38).

The lack of vaccination in people at higher risk of being
exposed to AIVs implies a greater risk of co-infection with
different strains, which may lead to reassortment events with
potentially harmful consequences. Cross-species transmission of
AIVs directly from wild birds to humans is rare, but given
the increased risk of exposure to AIV infection in hunters
(9), it is clear that they should be prioritized for the seasonal
flu vaccination. Evidences of AIV infection in persons with
occupational exposure to migratory birds (39) and human
coinfection with different AIVs, have been reported (40).

The flu season in American tropics mainly occurs from April
to September (41) while long term studies in Cuba, show human

influenza virus circulation increases during the rainy season
(May-October) (42), which partially overlap with the waterbird
migration season during the fall (43). These facts exacerbate the
risk of coinfection with IAVs, that are increased in some species
of hunted-waterbird with a high prevalence of AIVs like Spatula
discors (4).

Flu vaccination strengths immunity against human influenza
viruses at a population level by reducing the likelihood of
coinfection hence decreasing the possibility of generating new
progeny viruses by genetic reassortment (44). However, given flu
vaccination does not prevent infections by AIVs, other preventive
measures must be put in place to complement the reduction of
the risk of human infections with AIVs, some of whichmay cause
severe consequences (45).

Wild animal slaughtering, whether done by hunters or their
family members, can place both at risk of transmission through
direct exposure to blood and internal organs as well as feces
(8). Hence, being helped by another family member during bird
cleaning, additionally increased the risk of exposing more people.
On the other hand, since other family members may be not
considered at risk, they may lack protective measures like flu
vaccination, and be more prone to IAV coinfection events.

The practice of slaughtering wild birds at home may also
increase food safety risks because some pathogens and infectious
agents are usually found in meats (46). In particular, the delay
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FIGURE 2 | Clustering of variables associated with the potential exposure of domestic animal to avian influenza viruses. Symbols with the same shape or color belong

to the same cluster and their particular characteristics appear below in correspondence with the letter that identifies them. Cluster 1: Hunt with dog (B); Clean birds at

home (D), Having backyard poultry at home (F), Feed domestic animal with bird leftover (H), High hunter experience (I); Cluster 2: Low hunter experience (J), Haven’t

knowledge on avian influenza (K); Cluster 3: Don’t hunt with dog (A), Haven’t backyard poultry at home (E), Don’t feed domestic animal with bird leftover (G); Have

knowledge on avian influenza (L); Cluster 4: Don’t clean birds at home (C).

in bird processing after hunting may increase infection risks
e.g., through the transfer of enterobacteria from gut to muscles
resulting in food borne transmission. Since AIV infections
can occur through direct contact with tissues, secretions and
excretions of infected birds (9) it is necessary to reduce or
eradicate the practice of cleaning hunted birds at home, as well
as the use of hunting knives for other household activities.

Smoking prevalence among the surveyed hunters was similar
to that of the general population in the country (47). However,
smoking in addition to important health implications (48), when
practiced in wildlife areas, may increase the threat of fires, with
negative impact on the environment and biodiversity.

HPAI is a disease of poultry that evolves from milder viral
strains naturally occurring within wild bird populations (13).
Hence the hunters that raise poultry and practice birds cleaning
at home, could favor low pathogenic AIVs evolve to HPAI (49).
Backyard poultry have played different roles in AI epidemics
across affected countries (50, 51). Nonetheless, is desirable to
prevent backyard poultry exposure to AIVs. Despite the low
epidemic potential of AIV infection in backyard poultry, for
many families in developing countries, poultry are more than a
source of income or food but also play social and cultural roles.
Hence backyard poultry must be preserved.

The feeding of domestic animals with birds’ leftover could
lead to an increase in the host range of the virus and even
the disease, as well as the emergence of new subtypes due to

the phenomenon of genetic reassortment. It has been shown
that antigenic and genetic evolution of IAVs often results in
inter-species transmission as the virus adapts to a new host
(52). In fact, reports of influenza virus affecting dogs (53, 54)
are relatively recent, but they have been important in causing
epidemic outbreaks mainly in greyhounds (55). On the other
hand, pigs are susceptible to IAVs of avian and human origin
(56, 57), which may cause the emergence of new virus. In fact, the
H1N1 pandemic virus in 2009 resulted from a novel reassortant
among avian, human and swine origin viruses (58, 59).

In the current study, the use of dogs for hunting did not
prevent contact of hunters with water. The persistence of AIVs
in water and their fecal-oral transmission among waterbirds are
of recognized importance in the maintenance of the virus in the
ecosystem (60). Therefore, water contact for hunters may result
in their exposure to AIVs. Conversely, there are not records of
AIV infection in humans acquired through water, despite this
material and sediments in wetlands being an important source
of such viruses (49).

Direct contact with water during hunting should be a
practice to avoid because in addition to the threat of AIVs
some other severe disease-causing pathogens like leptospira
may be present in wetlands. Interestingly the recruited hunters
for the present study indicated higher levels of vaccination
coverage for leptospirosis compared to seasonal flu (results
no showed).
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Higher levels of hunter confidence due to more years of
experience could reduce risk perception due to usual practices
that apparently do not affect their health, as observed in
other studies (10). The risk of infection by AIVs demands
the development of communication strategies that improve
knowledge through dissemination of public health messages
that may cause a change in behavior among hunters. A
sound knowledge of the potential risk factors that facilitate
the introduction and spread of AIVs in animal and human
populations is key to developing preventive control strategies and
contributing to active surveillance programs.

No taking into consideration the variables with the inferior
limit of OR<1, only smoking and having backyard birds at home
remained as significant according to Cerda (61). In particular,
smoking habit encompass a well-known health risk itself (48),
but it seems not enough to withdraw such practice. On the other
hand, having backyard poultry at home it is not a risk, if that are
not exposed to AIVs through practices like cleaning hunted birds
at home which had OR < 1 even at the superior limit of CI 95%.

Study Strengths and Limitations
Our study aimed to gain an understanding of the bird harvesting
practices and attitudes regarding AI exposure among Cuban
hunters and to identify gaps in influenza pandemic plans.
This research provides information on the population strata
(hunters) that have more influence on the risk of infection and
dissemination of AIVs. It complements the anti-pandemic plan
in the face of the possibility of infections with this pathogen
in humans, bearing in mind the necessity of contact between
animals and people as a prerequisite for this to occur (8).
In addition, it contributes to the strategy’s improvement for
managing the risk of introduction and dissemination of the AIVs
in Cuba. Poultry production in Cuba is an important component
of livestock economy with over 35.35 million heads (including
hens, ducks, turkeys, quails, among others) with their own
breeders (62). Themain production from the commercial poultry
sector are eggs with a consumption average over 200 per capita
egg/year, hence it is an important component of food security.

The location of hunter groups in geographically different areas
did not allow for random sampling because a representative
group of people is hard to be matched in time and space. Almost
1% of the registered hunters in Cuba were recruited for the
study, although active hunting could vary with the availability of
cartridges and transportation to hunting sites.

Conclusions
Cuban hunters participate in some practices while harvesting
wild birds that could potentially expose them and their
domestic animals to AIVs. There was no relation between
protective measures reported by hunters and their awareness

on avian influenza, which may imply a lack of knowledge
on AIV. This study emphasizes the need to introduce more
effective risk communication strategies about the consequences
of AIVs infecting humans or other animals and emphasizes the
importance of reducing risks and exposure.
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Gaëlle Gruel 1†, Mame Boucar Diouf 2,3,4†, Catherine Abadie 5‡, Yolande Chilin-Charles 5,6‡,

Eric Marcel Charles Etter 7,8‡, Mariana Geffroy 7,8‡, Cécile Herrmann Storck 9‡,

Damien F. Meyer 7,8‡, Nonito Pagès 7,8‡, Gersende Pressat 3,4‡, Pierre-Yves Teycheney 3,4‡,

Marie Umber 2‡, Anubis Vega-Rúa 10‡ and Jennifer Pradel 7,8*

1 Laboratory for the Study of Microbial Ecosystem Interactions, Institut Pasteur of Guadeloupe, Unit Transmission Reservoir
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In Guadeloupe, a French overseas territory located in the Eastern Caribbean, infectious

and non-infectious diseases, loss of biodiversity, natural disasters and global change

threaten the health and well-being of animals, plants, and people. Implementing the

“One Health” (OH) approach is crucial to reduce the archipelago’s vulnerability to these

health threats. However, OH remains underdeveloped in Guadeloupe, hampering efficient

and effective intersectoral and transdisciplinary collaborations for disease surveillance

and control. A multidisciplinary research group of volunteer researchers working in

Guadeloupe, with collective expertise in infectious diseases, undertook a study to identify

key attributes for OH operationalization by reviewing past and current local collaborative

health initiatives and analyzing how much they mobilized the OH framework. The

research group developed and applied an operational OH framework to assess critically

collaborative initiatives addressing local health issues. Based on a literature review, a

set of 13 opinion-based key criteria was defined. The criteria and associated scoring

were measured through semi-directed interviews guided by a questionnaire to critically

evaluate four initiatives in animal, human, plant, and environmental health research and

epidemiological surveillance. Gaps, levers, and prospects were identified that will help

health communities in Guadeloupe envision how to implement the OH approach to better

address local health challenges. The methodology is simple, generic, and pragmatic

and relies on existing resources. It can be transposed and adapted to other contexts

to improve effectiveness and efficiency of OH initiatives, based on lessons-learned of

local past or current multi-interdisciplinary and intersectoral initiatives.

Keywords: One Health, evaluation, animal health, human health, plant health, environmental health,

operationalization, interdisciplinary and cross-sectoral collaborations
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INTRODUCTION

Infectious Diseases Emergence and
Wicked Health Problems
It is estimated that 60% of human emerging infectious diseases
(EIDs) are zoonotic, of which more than 70–75% originate
from wildlife (1, 2). This is exemplified by the emergence over
the last 15 years of coronaviruses originating from animals,
and more particularly of the SARS-CoV-2 virus causing the
current COVID-19 pandemic (3–6). Global change, agricultural
intensification, biodiversity loss, climate change, and wildlife
trade are known to increase the frequency and incidence of
EIDs. Emergence phenomena tend to increase over time (2, 7, 8),
and ecosystem degradation is expected to intensify over the
next decades (9), affecting local zoonotic host communities and
creating hazardous interfaces between people, livestock, and wild
reservoirs of zoonotic diseases resulting in increased pandemics
risks (10). A panel of experts of the Intergovernmental Platform
on Biodiversity and Ecosystem Services (IPBES) estimates that
631,000–827,000 of the 1.7 million undiscovered viruses existing
in animals could have the ability to infect humans (11).
Environmental pollutants are also known to promote metabolic
disorders such as obesity, cardiovascular diseases, diabetes,
cognitive development impairments, and cancers (12–14). The
emergence and global spread of plant pathogens are also
promoted by global change and trade, threatening food security,
and human health (15, 16).

In this context, recommendations to implement
multidisciplinary and cross-sectoral approaches to tackle
complex health problems are increasing (11, 17–20), prompting
efforts to address health issues at a global scale through “One
Health” (OH) approaches in human, animal, and environmental
sectors (7, 19, 21, 22). These approaches have the potential to
improve the resilience of socio-ecosystems and reduce health
disaster risks. Therefore, they are well-suited to vulnerable
territories confronted by natural disasters, climate change,
and health risks brought by international trade flows, such as
Guadeloupe and other Caribbean islands (23).

Problematic
The OH concept is defined as a collaborative, multisectoral,
and transdisciplinary approach working at the local, regional,
national, and global levels to achieve optimal health outcomes
and recognizes the interconnection between people, animals,
plants, and their shared environment (24). There is a consensus
in the literature about the benefits of OH approaches such as
improvements in human and animal health, well-being, and
animal welfare, more effective and rapid disease control or

Abbreviations: ARS, Regional Health Agency; BLSD, Black Leaf Streak Disease;

CHUG, University Hospital Center of Guadeloupe; CIRAD, French Agricultural

Research Centre for International Development; DAAF, Food, Agriculture, and

Forest Direction of the ministry of agriculture; ECOHI, Evaluation Criteria for OH

Implementation; EID, Emerging Infectious Diseases; ERDF, European Research

and Development Funds; INRAe, National Research Institute for Agriculture,

Food and Environment; IPG, Institut Pasteur of Guadeloupe; MALIN, Maladies

infectieuses en milieu insulaire tropical—infectious diseases in tropical island

environments; NEOH, Network of EcoHealth and OH; SPF, Public Health France;

WNV, West Nile Virus; UA, University of Antilles.

biosecurity measures, improved information and data sharing,
environmental protection for healthier ecosystems, enhanced
social, and cultural values, more efficient disease surveillance
networks (25). However, clear recommendations to successfully
implement those approaches are critically needed (26–28).

Rationale
OH remains underdeveloped and poorly promoted in
Guadeloupe, impeding efficient and effective cross-sectoral and
transdisciplinary collaborations to address the surveillance and
control of zoonotic and plant diseases, or new emerging threats.
In order to tackle those threats, new forms of collaboration
involving multidisciplinary stakeholder groups from health
and public/private sectors are needed. In this paper, a
multidisciplinary research group reports on identifying key
attributes for operational OH initiatives and their use to
assess local animal, public, plant, and environmental health
collaborative initiatives. The method is generic and can be
adapted to other contexts to inform the implementation of an
operational and impactful OH approach.

CONTEXT

Guadeloupe
Guadeloupe is a French overseas department located in the Lesser
Antilles (Eastern Caribbean). Despite its modest size (1,628
km2), Guadeloupe archipelago concentrates a great diversity of
land and marine ecosystems, making it one of the 34 world’s
biodiversity hotspots (9, 29). Guadeloupe is prone to natural
disasters [hurricanes, earthquakes, volcanic eruptions, tsunamis
(30)] and threatened by anthropogenic and climate change:
habitat destruction, long-lasting water and soil contamination by
persistent organic pollutants like pesticides (31–33), sea-level rise
and increased frequency and intensity of extreme weather events
(34). This results in emerging environmental health issues such
as coral reef decline (35), Sahara sand dust (36), and harmful
macroalgal blooms outbreaks causing massive strandings (37).

Guadeloupe has strong connections through tourism and
trade with neighboring Caribbean countries and territories,
North America, and Europe. This results in large flows of people,
animals, plants, and by-products that threaten global health
and local biodiversity, and agricultural productivity through the
potential introduction of exotic pests and diseases. Thus, over the
last two decades, Guadeloupe has experienced several emerging
infectious disease outbreaks in humans or animals (West Nile
virus, Chikungunya, Zika, dengue, leptospirosis, COVID-19)
(38, 39), and crops (Black Leaf Streak Disease of banana,
Huanglongbing of citrus, anthracnose of yam, coconut lethal
yellowing...) (40–44). Additional exotic emerging infectious
diseases, such as banana fusarium wilt tropical race 4 (45) or
African swine fever (46, 47) are currently spreading worldwide
at a worrying speed, hence threatening Guadeloupe’s agriculture,
economy, and food security.

To address these challenges, the effective OH implementation
based on achievements of current/past programmes is crucial to
commensurate with the challenges faced by the archipelago.
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Collaborative Research and Surveillance
Programs in Guadeloupe
Guadeloupe has built strong local research communities and
surveillance networks to characterize, prevent and control
priority infectious diseases in humans, animals, and plants.
This was done through a 6-year collaborative project, “Malin”
(2014–2020) (48). The response to local health challenges relies
on world-class scientific infrastructures, including reference,
and high-level biosafety laboratories, with dedicated human
resources. Public research organizations, hospitals, and agencies
involved in human, animal, and plant health, surveillance, and
innovation transfer engaged in interdisciplinary approaches and
rationalization of resources via several collaborative initiatives.
Four of them were assessed in this study:

- West Nile Virus (WNV) surveillance network. WNV is a
mosquito-borne flavivirus that affects humans, equines, and
birds. In 2002, seroconversions in horses and poultry provided
the first indirect evidence of WNV circulation in Guadeloupe
(49). Since then, epidemiological surveillance programs were
enforced by several organizations involved in animal or public
health to monitor WNV in horses, birds, mosquitoes, and
humans and to improve knowledge on WNV epidemiology
in Guadeloupe. However, the surveillance remains primarily
sectoral with limited communication between its veterinary
and public health components. After operating for more
than 15 years, the network is currently shifting towards an
integrated surveillance system with a pilot implementation of
the OH approach (50).

- Black Leaf Streak Disease (BLSD) surveillance network.
BLSD is a foliar disease of banana. It is caused by an
ascomycete fungus causing major production losses (up
to 100%) and reduced fruit greenlife, threatening the
banana industry worldwide (51). The BLSD surveillance
network was implemented in 2009 in Guadeloupe to prevent
BLSD introduction. However, BLSD was first detected in
Guadeloupe in 2012, prompting the network to promote
a collaborative action plan including long-term disease
management strategies targeting citizens and professionals
from the banana industry. This plan included monthly
biological surveillance based on the observation of sentinel
banana plots spread over the entire territory. The network has
since extended its activities to early detection and control of
other banana emerging diseases.

- KaruBioNet is a collaborative interdisciplinary bioinformatics
and biostatistics network. It was created in 2019 and
involves scientists, engineers, and students. It aims to
foster multidisciplinary collaborations and to provide mutual
support for improving human, plant, and animal health in
Guadeloupe through the implementation of bioinformatics.
KaruBioNet members assist each other with the analysis,
integration, and interpretation of bioinformatics data through
shared access of the joint high-performance computing center
of the University of Antilles (UA) (52).

- INSULA is a collaborative research project funded jointly
by the European Commission and the Guadeloupe regional
council. The project started in 2020 and aims to assess the

influence of the ecosystem’s biodiversity and its human-
induced modifications on the diversity of vector-borne viruses
affecting plants, animals, and humans in Guadeloupe, using
the OH approach (53). It was implemented to bridge a
collaboration gap between environmental health and ecology,
building on a previous local collaboration between botanists
and epidemiologists to unravel the eco-epidemiology of WNV
in Guadeloupe (50, 54).

DETAILS TO UNDERSTAND KEY
PROGRAMMATIC ELEMENTS

The development of an operational framework to assess how
much local health initiatives havemobilized theOH approach has
been conducted to identify major gaps, levers, and perspectives to
enhance OH collaborations.

Methods
Eighteen volunteer scientists referred to as “OH leaders”
(OHLs) were involved in an 18-month capacity-building
program on OH leadership. This program started in November
2019 and was facilitated by international experts: Profs.
Craig Stephen (Canadian Wildlife Health Cooperation) and
Christopher Oura (University of the West Indies). This OHL
group includes researchers, engineers, Ph.D. students, laboratory
technicians, medical/hospital, and epidemiological surveillance
practitioners working in Guadeloupe in research/surveillance
organizations. Their expertise encompass human, animal, and
plant microbiology, medical entomology, animal and plant
epidemiology, plant virology, and human infectious diseases.
Volunteers joined this group following a call of interest launched
within the Malin consortium. Motivation and commitment to
follow the program were the only requirements for joining.
The OHL group worked on this study between October and
November 2020 as a part of the OH leadership program.

The OHL group searched for key attributes of successful
OH operations. For this, members undertook a literature
review of recent (<6 years) peer-reviewed publications on OH
evaluation (55) published by OH reference groups like the
Network of EcoHealth and OH (NEOH) (56) and organizations
advocating for the implementation of OH internationally (57).
They used PubMed and Web of Science, with One Health∗,
assessment∗, implementation∗, operational∗, practice∗, success∗,
recommendation∗ and benefits∗ as keywords. The OHL group
shared publications using MoodleCloudTM and MendeleyTM.
Group members then reviewed, discussed, prioritized, and
defined sets of criteria and their scores, corresponding to what
the group judged critical for the successful implementation of
OH initiatives, also using their own experiences. Consensual
definitions for each Evaluation Criterion for OH Implementation
(ECOHI) and their scoring rules were developed.

The OHL group developed a questionnaire to inform
ECOHI scores using semi-directed group interviews
(Supplementary Material). The questionnaire was first piloted
on another collaborative health program (not assessed)
conducted in Guadeloupe to evaluate its feasibility, then revised
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and reorganized to ease its utilization. Four local initiatives were
selected for assessment based on the following criteria: they
ought to be collaborative, multi/interdisciplinary and cross-
sectoral, deal with animal, human, plant and/or environmental
health, and ongoing (Table 1).

The questionnaire was used as a guide to assess the
initiatives through interviews of groups of two to four persons
most knowledgeable about each assessed initiative. Interviews
intended to seek group perceptions and shared experiences
between partners. Before interviews, each interviewee was
informed about the goal and the course of the study. Interviewees
accepted freely to participate, agreed that the interview was
recorded and that the information shared would be anonymized
and used for publication. All signed a formal letter of consent.

The four 2-h interviews were carried out between 19th
and 25th November 2020 via ZOOMTM. Interviewers were two
OHLs familiar with the methodology but not with the assessed
initiative. To minimize possible biases, an epidemiologist
attended all interviews as an observer. The interviewers
scored initiatives immediately after each interview. Scores were
converted into percentages relative to the maximum ECOHI, and
represented on a radar diagram using Excel software (Microsoft,
Redmond, USA). During a final working session, the OHL
group reviewed the results, harmonized their interpretation
of the answers, and adjusted scores accordingly to minimize
person-dependent variations. The individual criterion scores
were averaged to compute the score of the initiative. A group
brainstorming ensued to analyze and interpret the results in
terms of gaps and successes and detailed recommendations to
improve OH implementation.

A total of eight 3-h working sessions were organized
by the OHL group, both face-to-face and virtually, using
Microsoft TEAMSTM.

Results
A set of 13 opinion-based ECOHIs was developed and
categorized in three types: “Governance”; “Partnership”; and
“Resources” (Table 2), with scores ranging from 1 (minimum) to
2 to 4 (maximum) (Table 3).

A total of 52 scores were obtained (Table 4). Figure 1 shows
how assessed initiatives performed for each criterion according
to their scores. The average score computed over the 13 ECOHI
expresses the degree to which key OH attributes are applied. The
variation of the scores may reflect differences in the nature and
objectives of the initiative.

Overall, most initiatives performed well on some key
attributes associated with interdisciplinary and cross-sectoral
collaboration in health: “pooling of resources,” “collaborative
dimension,” and “diversity of stakeholders involved” with some
noticeable strength on “governance” and “recognition of the OH
professionals’ role.” On the contrary, they are weaker on “soft
skills of OH workers,” “integrated data analysis,” and the “OH
awareness of non-scientific/technical stakeholders” (Table 4).

The WNV surveillance network displayed the lowest
overall score compared to the other initiatives, especially
for ECOHIs of categories 1 (“collaborative planning” and
“adaptive coordination and monitoring”) and 3 (“supporting T
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TABLE 2 | Selected criteria considered key attributes for the successful implementation of OH initiatives (ECOHI), definitions, and associated scoring.

Category # Criterion Definition References

1. Governance 1 Holistic thinking The health problem is analyzed as a whole, using a systemic approach, considering the

complex interactions between the processes and actors involved/concerned by

health issues.

The initiative has been thought of in a holistic, integrative, and non-specific way. It

considers multiple disciplines, sectors (health and public/private), species, and integration

at different spatial scales. It aims to integrate the knowledge of the various stakeholders,

from the analysis of the problem to its resolution.

(58–60)

2 Governance New forms of governance to sustain relationships and long-term collaborations are

defined (processes, rules) to ensure equitable distribution of decision-making power and

resources. In addition, clear and transparent rules for operating principles and overall

management exist.

(19, 28, 60–62)

3 Collaborative planning Planning requires that aims, problem formulation, responsibilities, and financing are clear,

organized, and shared regardless of paradigms, organizational hierarchies, sectors, and

stakeholders’ disciplines. It needs resources (competencies, time, tools) to involve all key

stakeholders in the planning; and clarity in establishing tasks and responsibilities.

(28, 59, 62)

4 Adaptive coordination

and monitoring

Due to the complex and cross-domain characteristics of OH collaboration, the initiative is

deftly coordinated. It is characterized by adaptive planning and flexible implementation in

the face of changes (new knowledge, the emergence of constraints or opportunities),

making the initiative a part of a continuous improvement process. This dynamic monitoring

of the initiative is characterized by the ability to continuously self-evaluate, learn, and

adapt.

(27, 28, 59, 62, 63)

2. Partnership 5 Collaborative

dimension and

knowledge integration

The collaborative initiative involves stakeholders with different skills, working in public or

private organizations (research, academia, producers, sales, public institutions, etc.) and

health (animal, plant, environmental, and human) sectors in all phases (thinking,

implementation, analysis, feedback). Participatory methods or a framework (multi-criteria

analysis, system thinking, and transdisciplinary approach) are in place to engage

stakeholders and integrate their knowledge (multi-criteria analysis, systemic analysis,

transdisciplinary approaches, and other methodological guidelines).

(19, 27, 60, 63–66)

6 Stakeholders diversity A variety of stakeholders are involved in the initiative, including academic and

non-academic groups, some of them traditionally linked to the health field (beneficiaries,

ministries, international organizations, practitioners, technical institutes, industry) or not

(private or public sector, other sectors of the civil society). They participate actively in the

initiative, and they are effectively and ideally involved in all stages of the initiative.

(18, 26, 27, 63, 65)

7 OH professionals’ role

recognition

One Health professionals have the freedom and ability to get involved in collaborative

initiatives (by sharing their time, knowledge, skills, and other support). Their role is

recognized and supported by their institutions/hierarchies and they can engage in

horizontal programmes*. Mobility between sectors and organizations facilitates the

development of “One Health” human resources. The recognition and support they receive

marks an awareness of the “One Health” approach by their hierarchies and an

understanding of its benefits. *Horizontal programs are organized across institutions,

teams, or services.

(65)

8 OH awareness of

non-scientific

stakeholders

Non-technical and non-scientific stakeholders (donors, civil society, governmental/NGO

organizations, and associations) are sensitized to the OH approach and take ownership of

it, facilitating their participation in the initiative. This can result from active awareness

campaigns (public debates, participatory workshops, training sessions, etc.) or other

means of communication (press releases, website, social media, radio, T.V., etc.)

organized by the initiative or by the stakeholders themselves.

(19, 27, 65)

9 Soft skills of OH

professionals

OH professionals of the initiative are trained on soft skills [participatory sciences,

management (horizontal leadership), and communication (intercultural communication,

conflict management)] to lead, operationalize and sustain OH programs. The technical

skills needed to work in multidisciplinary settings, experience in group processes, and

team development foster inter-professional communication, collaboration, and help build

relationships and trust.

(28, 57, 61, 64, 67)

3. Resources 10 Supporting

infrastructure

Supporting infrastructure (management tools, databases, human resources) is available to

ease fund transfer between agencies and organizations to facilitate the implementation of

OH programs. This enables monitoring and follow-up of multiple, strongly connected, and

coordinated activities. It allows to more easily share (knowledge/information/resources,

staff), learn from the initiative (knowledge exchange, institutional memory, feedback,

self-regulation): and adopt a systemic organization (polycentric organization, high

connectivity, synchronization, and multidimensions).

(28, 57, 61, 62, 64)

(Continued)
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TABLE 2 | Continued

Category # Criterion Definition References

11 Synergistic pooling of

resources

Pooling of resources (human, financial, technical platforms, knowledge) beneficial to all

parties is in place, enabling progress to be made on the initiative’s critical points,

organizing synergies, and optimizing these resources.

(19)

12 Data and information

sharing

Appropriate procedures for sharing and accessing data/information exist and are

implemented. There are appropriate infrastructure and resources for managing

heterogeneous data regarding quality, quantity, and nature. The willingness of

stakeholders to share data and information is vital.

(18, 27, 28)

13 Integrated data

analysis

Data is collected following protocols defined and validated by the stakeholders. A data

management plan has been put in place, facilitating the cleaning and validation of the data

and its integrated analysis. This integrated analysis makes it possible to answer a common

question and improve all partners’ knowledge. All data from different partners is used in

integrated data analysis.

(27, 64)

ECOHIs were grouped into 3 categories: category 1, governance; category 2, partnership; category 3, resources.

infrastructure,” “pooling of resources,” “data/information
sharing,” and “integrated data analysis”) (Table 4 and
Supplementary Material). Some flaws in network governance
(set of bodies and rules for decision-making, management, and
operating principles to ensure strategic directions and oversight)
negatively impact other ECOHIs such as “Integrated data
analysis,” “data sharing,” or “synergistic pooling of resources.”
Indeed, collaboration between the human and veterinary sectors
in charge of equine, avian, and entomological surveillance
remain low, despite WNV being an ideal OH disease model and
the network being built using an integrative approach involving
stakeholders from various disciplines in the animal and public
health sectors willing to collaborate.

In contrast, the BLSD surveillance network had the second-
highest average score and the best scores on several ECOHIs
(Table 4 and Supplementary Material). The network has good
governance and resource mobilization strategy (all resources
available in surveillance partners were used for BLSD surveillance
in a complementary way, with shared advantages/benefits for all
parties) with rules ensuring equitable distribution of decision-
making power and resources. This resulted in a high degree
of collaboration between partners that translates into the high
scores on “data/information sharing” (all partners received
regular feedbacks) and “adaptive coordination and dynamic
monitoring” (the network was highly flexible to adjust to changes
in the disease situation). On the contrary, the network fared
poorly for three ECOHIs: (i) “soft skills” (trust, team building,
conflict management), that could help stakeholders to work
better together if more complex problems arise in the future;
(ii) “integrated data analysis” (only one partner in charge of
data analysis); and (iii) “OH awareness” (OH is a new concept
for most plant specialists). Finally, “supporting infrastructure”
(management tools, databases, human resources) got a medium
score: partners wished they could have more useful tools to save
time for technical tasks.

The INSULA project had the highest average score (Table 4
and Supplementary Material). It is the only initiative that was
conceived and implemented using a OH approach. Hence four
critical ECOHIs of categories 1 and 2 reached maximum scores
for “holistic thinking,” “new forms of governance,” “stakeholders’

diversity,” and the “collaborative dimension and knowledge
integration.” This scoring reflects the strong willingness of the
project’s partners (i) to implement an interdisciplinary approach;
(ii) to involve ecologists and the environmental health sector
in a health project; (iii) to focus on a cross-cutting topic,
namely vector-borne viral diseases; and (iv) to share resources.
Project partners have developed a common database and other
collaborative tools for easier data/information sharing and
integrated data analysis. Two ECOHIs could not be evaluated
because no data had been produced yet at the time of interviews.

Despite being a relatively new network, KaruBioNet showed
several assets (Table 4 and Supplementary Material). Its
governance ensures equitable distribution of decision-making
and resources; the pooling of resources and supporting
infrastructure, including a shared super calculator made
freely available for the local research community; sharing
information, and data, which is the raison d’être of the network.
The network was not initially conceived as a OH initiative;
hence it fared poorly on several ECOHIs: “holistic thinking,”
“adaptive coordination and monitoring,” and “stakeholders’
diversity.” “OH awareness of non-scientific stakeholders” and
“soft skills of OH professionals” were both not applicable.
Interestingly, KaruBioNet does not conduct integrated data
analysis as the information and data shared are not intended
to be analyzed jointly. However, this network may do so in
the future depending on its active involvement in collaborative
projects and therefore become a key player in implementing the
OH concept in Guadeloupe.

DISCUSSION

Lessons-Learned From Current
Collaborations
Challenges in implementing interdisciplinary and cross-sectoral
programs occur at all stages throughout their lifespan (27).
Interestingly, the framework developed in our study was applied
to initiatives of different natures (research project, technical or
disease surveillance networks) at different development stages—
with WNV surveillance being the oldest (18 years old) and
INSULA the most recent (5 months). The joint analysis of

Frontiers in Public Health | www.frontiersin.org 6 August 2021 | Volume 9 | Article 652079135

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Gruel et al. “One Health” Evaluation in Guadeloupe

TABLE 3 | Definition of the scores for each Evaluation Criteria for OH Implementation (ECOHI).

ECOHI Scoring levels Scores’ definitions

1. Holistic thinking 3 1: Specific (sectoral/disciplinary) approach and analysis of the health problem were used.

2: A broader approach has been used to be more integrative of stakeholders (disciplines and sectors), however, there

was no systemic analysis.

3: A holistic approach and a systemic analysis of the health problem were used.

2. Governance 2 1: There is no proper governance and rules and processes if they exist (decision making, operating principles,

management) are not adapted.

2: There is good collaborative governance and coordination/information sharing mechanism aligned with rules and

procedures.

3. Collaborative

planning

3 1: Overall planning is organized according to sectors and organizational hierarchy. There is a lack of shared roles,

responsibilities, and resources. There are no resources (competencies, time) to facilitate the initiative across sectors

and disciplines.

2: Overall planning is organized regardless of sectors and organizations. Roles, responsibilities, and resources are shared

however there are no/few resources to facilitate the initiative across sectors and disciplines.

3: Overall planning is organized regardless of sectors and organizations. Roles, responsibilities, and resources are

shared and there are resources to facilitate the initiative across disciplines and sectors.

4. Adaptive

coordination and

monitoring

3 1: There is an annual monitoring process and basic coordination in place.

2: There are regular follow-up meetings with an analysis of difficulties/opportunities; however, no recommendations nor

corrective/preventive actions are formulated/implemented.

3: There is dynamic monitoring and adaptive coordination of the initiative allowing evolving as changes occur.

Recommendations or preventive and/or corrective actions are implemented.

5. Collaborative

dimension and

knowledge integration

4 1: The initiative is not collaborative: it is disciplinary and sectoral.

2: The collaborations are multidisciplinary but not multisectoral; there is no knowledge integration.

3: The collaborations are interdisciplinary and multisectoral, however, there is poor/some knowledge integration (no

specific methods used).

4: The collaborations are inter/transdisciplinary and multisectoral, and stakeholders’ partners knowledge is integrated

using participatory or dedicated frameworks/methodologies.

6. Stakeholders’

diversity

3 1: Stakeholders relevant to the initiative have not all been identified and do not participate in the initiative.

2: Stakeholders involved are only those traditionally associated with the health sector. They participate in all or part of

the initiative.

3: Stakeholders including those associated with other sectors than health and relevant to the initiative have been

identified and actively participate in all phases.

7. OH professionals’

role recognition

3 1: The role of OH professionals is not recognized within their institution(s) and/or by the hierarchy.

2: The role of OH professionals is recognized, but they cannot invest time, share skills/knowledge, or provide any other

support type in horizontal programs.

3: The role of OH professionals is recognized, allowing them to invest themselves in horizontal programs by sharing

skills, knowledge, invest time, and provide any other type of support.

8. OH awareness of

non-scientific

stakeholders

3 1: Non-technical/scientific stakeholders are poorly informed/not aware of the OH approach used in the initiative.

2: Non-technical/scientific stakeholders are aware of the OH approach however they don’t participate in the initiative.

3: Non-technical/scientific stakeholders take ownership of the OH approach and participate in the initiative.

9. Soft skills of OH

professionals

3 1: No team building/trust development strategy is in place (awareness/training of stakeholders in humanities and

behavioral sciences; organization of social events...).

2: A team-building/trust development strategy is in place (trained/awareness of stakeholders in humanities and behavioral

sciences, social events organized as part of the initiative,...).

3: A team-building/trust development strategy is in place and is implemented to develop the social networking.

10. Supporting

infrastructure

2 1: There is no supporting infrastructure other than the classical means of projects that are not multidisciplinary/sectoral.

2: Supporting infrastructure has been put into place and facilitates sharing, learning, and systemic organization.

11. Synergistic pooling

of resources

3 1: No resource is available/allocated to the OH initiative; if resources are available, they are not pooled.

2: The available resources of the stakeholders are pooled for the OH initiative, but the benefits are limited to a couple of

stakeholders.

3: Stakeholders’ resources are pooled for the OH initiative and results in shared advantages/benefits with all parties.

12. Data/Information

Sharing

3 1: No mechanism for sharing and managing data and information has been put in place and/or there is no willingness

of data/information sharing.

2: There are procedures for data and information sharing and management, however, the access is restricted to a limited

number of people or is not easy.

3: There is an active exchange of data and information between stakeholders following the procedures established

within the initiative’s framework.

13. Integrated data

analysis

3 1: No definition of data collection protocol or data management plan.

2: A data collection protocol and/or data management plan has been developed, but the data analysis is not integrated.

3: A data collection and management are carried out as defined by the protocols and plans, the data analysis is

integrated.
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TABLE 4 | Scores obtained for each criterion and each initiative, with a total score also expressed in relative percentage (in bracket).

ECOHI WNV surveillance BLSD surveillance INSULA project KaruBioNet Score max Average

1 Holistic thinking 2 (67%) 2 (67%) 3 (100%) 1.5 (50%) 3 2.1 (71%)

2 Governance 1 (50%) 2 (100%) 2 (100%) 2 (100%) 2 1.7 (88%)

3 Collaborative planning 1 (33%) 2.5 (83%) 2 (67%) 2.5 (83%) 3 2 (67%)

4 Adaptive coordination and monitoring 1 (33%) 3 (100%) 2 (67%) 1.5 (50%) 3 1.9 (63%)

5 Collaborative dimension and integration of knowledge 3 (75%) 3 (75%) 4 (100%) 3 (75%) 4 3.2 (81%)

6 Diversity of the stakeholders involved 2 (67%) 2 (67%) 3 (100%) 1.5 (50%) 3 2.1 (71%)

7 OH professionals’ role recognition 1.5 (50%) 2.5 (83%) 3 (100%) 2.5 (83%) 3 2.3 (79%)

8 OH awareness of non-scientific stakeholders 1 (33%) 1 (33%) 1 (33%) 1 (33%) 3 1 (33%)

9 Soft skills of OH professionals 2 (67%) 1 (33%) 2 (67%) 1 (33%) 3 1.5 (50%)

10 Supporting infrastructure 1 (50%) 1 (50%) 1.5 (75%) 1.5 (75%) 2 1.2 (63%)

11 Synergistic pooling of resources 1 (33%) 3 (100%) 3 (100%) 2.5 (83%) 3 2.4 (79%)

12 Data/Information sharing 1 (33%) 2.5 (83%) 1.5 (50%) 3 (100%) 3 2 (67%)

13 Integrated data analysis 1 (33%) 2 (67%) 1.5 (50%) 1 (33%) 3 1.38 (46%)

Average program score (%) 18.5 (48%) 27.5 (72%) 29.5 (78%) 24.5 (65%) 38 25 (66%)

Average scores were calculated for ECOHI and for each initiative.

those initiatives, which share the same local context, provides
relevant insights to inform future and ongoing collaborative OH
initiatives in Guadeloupe. The OHL group also gained experience
working on this joint study.

Study Highlights

Learning by Doing
The preliminary agreement on the meaning and definitions of
ECOHI and scores greatly facilitated communication between
the OHLs and with interviewees. Moreover, as previously
experienced by similar groups (28, 68), the OHLs had to
maximize organizational flexibility to overcome collaborative
challenges. The teamwork’s methodology and action plan were
therefore revised at each group meeting to incorporate new
insights and knowledge while balancing effective progress with
members’ commitment. This resulted in a more comprehensive
program even though it took twice longer than planned.

All interviewees were positive about the study and
acknowledged that it helped them change their perspective
on OH. The semi-directed interviews allowed them to share
experiences, to examine collectively past challenges and
successes, and to reflect on recommendations for improving
their own work. The method was simple, easily implemented,
and delivered results quickly. The study also raised awareness
on OH, of which most interviewees had only partial knowledge.
Cross-sectoral communication benefited tremendously: e.g., it
allowed animal health experts to exchange views on surveillance
practices with plant health experts, and the OHLs were made
aware of the initiatives evaluated throughout the evaluation
process, which will help design future collaborative projects
involving all health sectors.

Although three out of four initiatives were not initially
OH in scope, they performed well on several key attributes
associated with interdisciplinary and cross-sectoral collaboration.
This encouraging result demonstrates that there is a local culture
of collaboration. This could be explained by the small size

of the territory, which favors the proximity of the different
stakeholders of the scientific health community, exchanges
and communication, making collaborations easier compared to
larger territories.

Contrasting Results Between a Plant and a Zoonotic Disease

Surveillance Network
Although WNV is a good model for developing OH approaches
and despite a strong willingness of its members to collaborate,
the WNV surveillance network scored low as the animal and
human health sectors do not work together closely enough. On
the contrary, the banana health surveillance network proved
successful in delivering practical outcomes such as an efficient
collaborative surveillance system based on early detection and
an emergency response plan similar to what was successfully
implemented in Australia (69).

The outcome of two decades of WNV sectorial work in
Guadeloupe proved disappointing. The virus itself has not been
isolated, its impact on human and animal populations is still
unknown, and its local epidemiological cycle remains poorly
understood. This situation could result from the epidemiology
of WNV being complex in the Neotropics and very different
from what is observed in North America (70, 71), and from the
limited resources allocated to WNV in Guadeloupe. Since early
2020, WNV surveillance actors have been involved in a OH pilot
project and agreed to create an integrated surveillance network
aiming to operate more efficiently and effectively (50).

The BLSD initiative relies primarily on collaborations across
disciplines and sectors (research, government agencies, technical
institute, growers associations). This resulted in efficient
management of the disease upon its outbreak in Guadeloupe and
prevented panic in the population. The three network partners
interviewed acknowledged that the high economic impact of
BLSD helped achieve these outcomes because disease control was
a top and shared priority for all stakeholders. This is a marked
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FIGURE 1 | Radar diagrams displaying the scores (in %) for each ECOHI criterion for all the initiatives (Supplementary Figures 1A–D).

difference with the WNV network, as WNV is not a priority for
the public health sector (50).

Continuous Improvement in the Implementation of the OH

Concept in Guadeloupe
The INSULA project’s maximum scores for several ECOHI
(“holistic thinking,” “governance,” “collaborative dimension,” and
“diversity of the stakeholders”) reflects progress in implementing
OH in Guadeloupe. Indeed, the project benefits from previous
experiences, such as the WNV and BLSD networks, through
the direct participation of researchers involved in those
networks. This helped avoid the pitfalls that have hampered
earlier initiatives to various extent. In addition, the project
was conceived and planned by a multidisciplinary group
willing to collaborate with the environmental sector and tackle
major environmental and health issues in Guadeloupe. Project
participants agreed to share human resources, equipment, and
infrastructures, demonstrating their willingness to move one
step forward towards implementing the One Health approach in
Guadeloupe. This has proved instrumental in securing funding
from a competitive call for projects.

Gaps and Weaknesses

Overall, the evaluation conducted herein revealed that all
assessed initiatives fare poorly on three ECOHI: 1/ “integrated
data analysis”; 2/ “soft skills of OH professionals”; and 3/ “OH
awareness of non-scientific stakeholders” showing that health

communities in Guadeloupe still have to work on these aspects
to foster the OH approach.

Integrated Data Analysis
“Integrated data analysis” is likely to improve in Guadeloupe
if future projects are conceived collaboratively and if proper
conditions and environments are created for data/information
sharing (27). Although the INSULA project scored low for this
criterion, it is likely to deliver a proper and shared integrated
data analysis thanks to both project’s governance and its design.
Indeed, a consortium agreement is being prepared; dedicated
secured platforms for data and information sharing are being
created; protocols for data collection and management are being
drafted. Finally, a dedicated 2-year engineer assistant has been
recruited to collect, share, and manage data through a shared
database under construction.

However, integrated data analysis can succeed only if
challenges related to the implementation, monitoring and
evaluation phases are anticipated and overcome (27, 28). These
challenges include an ECOHI of extreme importance: “soft skills
of OH professionals” for which the four initiatives fared poorly.

Importance of Soft Skills and Social Sciences
“Soft skills of OH professionals” include leadership, horizontal
management, participatory sciences, experience in group
processes, intercultural communication, conflict management,
team development, etc. They are essential to lead, operationalize
and sustain OH programs (28, 57, 61, 64, 67, 72), but are often
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overlooked (61). These skills can be brought by stakeholders
and/or OH facilitators. They are instrumental in preventing and
solving problems arising from collaborations between actors
working in multiple domains, who do not have a collaboration
history, or from institutional/academic or geographic and
cultural fragmentation (27). Those skills are needed to work
in multidisciplinary settings, foster communication, and
relationship-building, which are essential in the local context,
where the health and research systems are fragmented into small
and scattered disciplinary teams. Development of trust and
engagement of actors result in well-managed and coordinated
collaborative programs with real integration of expertise
and knowledge as opposed to artificial collaborations where
stakeholders work together but remain in their silo (27); this
was somehow experienced during the “Malin” project. If health
communities of Guadeloupe aim to steward ambitious and
long-lasting OH programs, they will need to define a strategy to
fill those gaps in OH soft skills. In particular, collaboration with
social scientists is important and efforts are ongoing.

Importance of OH Awareness
The lack of “OH awareness among non-technical and non-
scientific stakeholders’ groups” (e.g., funder, civil society,
governmental/non-governmental organization, etc.) may have
had a minor impact on the initiatives that did not have a strong
OH scope. On the opposite, it is important to fill this gap with
the many stakeholders of the INSULA project while it is getting
off the ground, and with the WNV surveillance network that
aims to shift towards an integrated network. According to their
objectives and long-term goals, OH programs are expected to
benefit tremendously from raising OH awareness among groups
not traditionally involved in health projects. For instance, the
BLSD surveillance network actors stressed out the importance
of associating the public to the prevention and control of BLSD.
Public awareness and actors’ engagement maximize the impact
of projects, promote innovations (65), and positively influence
funding policies. It also enhances the proximity with scientists,
thus contributing to fight the growing distrust of science among
the public that prevents society from serenely debating major
issues such as GMOs, vaccination or climate change (73).

Importance of Supporting Infrastructures
While supporting infrastructures (management tools, databases,
human resources) are available for KaruBioNet and INSULA,
they are vitally needed for the surveillance networks assessed.
The lack of supporting infrastructures did not prevent the
BLSD network from meeting its objectives, but it resulted in
an increased workload for the actors, which is unsustainable
in the long-term. This lack could prove problematic if another
emerging banana disease was introduced and required additional
work. In contrast, the lack of supporting infrastructure impacted
WNV surveillance markedly, preventing the network from
sharing data and information. An Information System coupled
with RShiny (RStudio R©) for dynamic and interactive data
visualization was developed recently to pilot a more integrated
network, along with new communication routes (50). More
generally, surveillance networks would benefit from project

management tools and geographic information systems to
monitor the progress of control actions to support health
interventions, reduce costs, and save time and energy.

Importance of Holistic Approach
Only one initiative (INSULA) scored maximum on “Holistic
thinking,” meaning that a holistic approach and a systemic
analysis of the health problem were used (Table 3), stressing the
need for capacity-building in system thinking and system analysis
in Guadeloupe, which can be conducted using participatory
methods as described by Duboz et al. (58).

Methodological Limitations
We proposed a semi-quantitative method based on the analysis
of 13 criteria to assess the OH framework implementation
in collaborative initiatives rapidly, whereas some participatory
methods were developed to implement OH initiatives, such
as disease surveillance, requiring several workshops and more
time (74). If our approach delivers on results quickly, an action
plan tailored to each initiative should be defined to improve its
efficiency and effectiveness.

The design of interviews (different interviewers for each
initiative assessed, some OHLs being interviewed) may generate
biases. These biases were minimized by implementing corrective
actions such as: group interviews, interviewers external to
the initiative, same observing epidemiologist participating
in all interviews, group analysis of the interviews results.
No major difference was noticed in the interpretation of
questions among the OHL group. Finally, emphasizing the
main objective of the interviews—learning from initiatives rather
than comparing their performance—helped keep objectivity.
This design facilitated cross-sectoral communication and the
exchange of experience.

Several excellent scores were assigned, suggesting an advanced
level of key OH attributes implementation in Guadeloupe,
although the OH approach remains under-developed in
Guadeloupe. This is due to the limited number of scoring levels
with maximum values accounting for both promising/good and
excellent/outstanding results. Adding an additional scoring level
would not have been relevant in our context. NEOH tools should
be considered for a more thorough “OH-ness” assessment of
more advanced OH programs (59).

Although the INSULAproject is just starting, all ECOHIs were
scored—those not applicable were scored minimum. In contrast,
those relating to the implementation phase (“collaborative
planning,” “adaptive coordination and monitoring,” “data
sharing,” “integrated data surveillance”) were scored according
to available information. The low scores reflect the lack of
information rather than real issues. In general, it would be
worth re-evaluating young initiatives like INSULA once they are
more advanced.

Implementing a Change-Oriented Strategy
to Enhance OH in Guadeloupe
Identifying problems, gaps, and making recommendations is
far easier than identifying implementable solutions leading to
meaningful results (27). The work reported in this paper shows
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that the OH community in Guadeloupe is ready to move one
step further towards the building of a strategy based on the theory
of change to implement sustainable good OH practices involving
diverse stakeholders.

For this, the OHL group will use an approach for building ex-
ante impact pathways (“ImpresS ex ante”) based on the approach
developed by Blundo Canto et al. (75). This participatory,
iterative and adaptive approach is particularly well-suited to
OH issues. It consists of a 3 to 4-day face-to-face participatory
workshop. A group of relevant stakeholders, including decision
makers, builds a shared vision of the future (desired impacts) over
a 5 to 10-year period and develops a common strategy, including
a plausible and sound implementation plan. Participants
agree on desired outcomes regarding change of behavior,
practices and capacities. Then, they identify the key challenges
preventing those from occurring and propose plausible and
realistic solutions that will overcome those challenges. This
approach is being increasingly implemented to improve the
impact of collaborative projects through easier, more efficient,
and more fruitful collaborations. It has also been applied
to strengthen stakeholders engagement and cooperation in
surveillance systems to better tackle major challenges in public
health such as antimicrobial resistance (74).

CONCLUSIONS

The lessons learned from this study and the use of the
methodological framework described in this paper are expected
to improve not only existing initiatives but also the design and
implementation of future ones. For example, the OHL group is
currently building a new collaborative project based on a systemic
analysis of the health problems they want to address, using the
lessons learned from the Malin project, and the outcomes of
this study.

The scope of our study can be improved and broadened by
including more socio-economic analysis and programs carried
out in Guadeloupe by other research groups and involving grass-
roots or other stakeholders. The proposed strategy could also be
adapted to other Caribbean states and territories, and be helpful
for evaluating quickly OH collaborative initiatives around the
world before more in-depth analysis.

As described in this paper, implementing OH approaches
requires a paradigm shift towards fully effective, strategic
and broad-spectrum institutional collaboration to ensure better
health for humans, animals, plants, and the environment. This
process can be viewed as the “Rosetta stone” that enables cross-
sectoral associations to implement technical, organizational,
and political solutions to address future health crises. We are
confident that the synergy resulting from implementing a OH

approach in Guadeloupe will help reshape its health system
towards a more holistic health approach.
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Professionals throughout the world have been working to assess the interdisciplinary

interaction and interdependence between health and wellbeing in a constantly changing

environment. The One Health concept was developed to encourage sustainable

collaborative partnerships and to promote optimal health for people, animals, plants,

the environment, and the whole planet. The dissemination of scientific discoveries and

policies, by working directly with diverse communities, has been one of the main goals for

Global One Health. The One Health concept has also been referred or related to as “One

Medicine, One Medicine-One Health, One World-One Health, EcoHealth,” and Planetary

Health,” depending on each fundamental view and approach. In Latin America, despite

the concept still being discussed among health professionals and educators, several One

Health initiatives have been used daily for more than decades. One Health action has

been applied especially in rural and underserved urban areas where low socioeconomic
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status, lack of health professionals, and scarcity of medical resources may require

professionals to work together. Local communities from diverse social and economic

statuses, including indigenous populations have been working with institutions and social

organizations for many years, accomplishing results through grassroots movements.

These “bottom-up” socio-community approaches have also been tools for the prevention

and control of diseases, such practice has preceded the One Health concepts in Latin

American countries. It is strongly believed that collaborative, multidisciplinary, political,

and economic initiatives with prosocial focus may become investments toward obtaining

significant results in the face of global, economic and health challenges; working for a

healthier world with inclusivity, equity, and equality. In this study, it is briefly presented how

the One Health approach has been initiated and developed in Latin America, highlighting

the events and actions taken in Brazil, Chile, and Colombia.

Keywords: one health, ecohealth, planetary health, latin america, indigenous population, saúde única, salud unica,

une seule santé

INTRODUCTION

The One Health concept is not a new idea. Although historically,
there have been times when medical doctors and veterinarians
have worked together (1), it may be much of a generalization to
conceive that such collaboration was common in the past. Indeed,
one reason why Rudolf Virchow aimed for “one medicine” (later
defined as One Health) in the 19th century was actually the
lack of doctors and veterinarians working together (2). However,
the 20th century brought greater isolation and separation
between these two fields of knowledge (1). Considering the
current accelerated global development, collaborative efforts and
sustainable partnerships in a specific area should contribute to
consistent strengths to reach relevant results, with applications
directly in the areas studied and into the communities. This
process occurred in several fields of global and population health,
but the main area in which this idea is highlighted is the scientific
research on medical topics.

A scientific and multidisciplinary approach for the health and
wellbeing of humans and animals in a balanced environment,
which results in the promotion of Planetary Health, showing
that everything has been intrinsically connected (3). Also
considering the growing interdependence between human beings
and domestic or wild animals mainly due to food animal
products and human-animal interactions, the medical and
veterinary professions have been directed to work together
within the collaboration scope toward wellbeing and global
health (4). As a result, such an approach has encouraged
studies to conduct sustainable partnerships between interrelated
groups in different regions and continents to achieve optimal
health for people, plants, animals, and the environment. This
collaborative effort and holistic approach interactions for global
One Health and environmental conservation have involved
veterinarians, physicians, public health professionals, educators,
anthropologists, environmentalists, and many other professions
interconnected with communities. Although sometimes used
as synonyms, the terms One Health, One Health approaches,
EcoHealth, Planetary Health, One Welfare, and One Wellbeing

represent different concepts linked to the same foundation.
Some leaders in the field consider that the term, One Health,
includes different approaches and differences among them. Since
the topic is still controversial and open to discussion, further
studies should establish a more stringent use of the said terms,
which should be disseminated through teaching and training in
all curricula worldwide. Regardless, a comparison of the three
holistic approaches to health has been proposed (5), and One
Health concepts may be given by practical examples, as already
described (6).

ONE HEALTH HISTORY FROM ANCIENT
CIVILIZATIONS TO THE 21ST CENTURY IN
LATIN AMERICA

History of Health in Latin America
Indigenous Population
The perception of health in humans and animals and knowledge
of their interconnectedness can be long traced to the traditional
knowledge of indigenous people in Latin America. Indeed,
animals preceded humans in appearing in the territory by tens
of millions of years, they have been deeply interconnected to
the history of what is Latin America now. Human appearance
has profoundly affected and shaped the health and life of native
American animals, which subsequently led to a long history
of the increasing human impact: from the Paleoindians, who
may have caused the extinction of several Latin American
megafauna species, to the Columbian Exchange that brought
exotic species from the Old World, such as horses, cattle,
sheep, dogs, domesticated American native species including
turkeys, llamas, and alpacas, which brought extinction to
several native American species. In such a similar dynamic
scenario, animals have also influenced human history in an
adaptive and interdependent human-animal relationship in Latin
America (7).

Montenegro and Stephens (8) have thoroughly described
indigenous health in Latin America. They clearly defined two
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periods of time: before and after the European invasion of
the late 15th and early 16th centuries. These Latin American
indigenous populations had complex cultures depending on the
region they originated. The Inca, Aztec, and Mayan cultures had
growing territories with urban populations, political, andmilitary
influences. More hunter and gatherer communities around the
mountain and rainforests ecosystems were also observed, such as
the Guarani in southern parts of South America.

Indigenous populations were neither static nor peaceful.
Survival depended on war systems, different weapons, and food
strategies. Health and wellbeing were intrinsically connected to
sophisticated knowledge acquired through centuries regarding
the balanced use of local ecosystems. European invasions
changed the culture, inter-ethnic, and ecological relationships
of natives. Health was also affected by new infectious diseases.
For centuries, since the time of their colonization, conquest,
or occupation, indigenous populations of tropical coastal
environments suffered the most from illness and poverty. The
Central Andes had a demographic collapse similar to the Bubonic
plague epidemic in Europe in the 14th century. Later, such native
populations have been affected by the continuous spread of
diseases, habitat fragmentation, and land occupation associated
with the lack of modern health care and infrastructure.

Although the use of animals in conventional medicine has
been comparatively recent, a meta-analysis of historical and
archaeological evidence indicated that animals have been used
in traditional medicine in Latin America since ancient times.
This was considered a “faunal drugstore.” Animals, mostly wild
species, were used as both raw materials for clinically prescribed
therapies, and as amulets and charms in native magic-religious
rituals and ceremonies (9). Plants have also been used for both
human and animal care in South and Latin America (10),
demonstrating the environmental health impact on One Health.
In contrast, animals have historically threatened human health
prior to European arrivals, such as the Yanomami indigenous
communities of Northern Brazil, which have been facedwith high
burdens of native soil, water and food borne zoonoses, including
larvae of the native jigger flea, which causes severe disability of
hands and feet (11).

Nowadays, many indigenous people still living within isolated
environments have been constantly destroyed by non-sustainable
agriculture and exploratory business, leading to harsh economic
conditions, higher morbidity, and health risks. These populations
have been connected and highly dependent on their local
ecosystems for survival. Despite the accumulated knowledge and
holistic understanding, One Health has much to learn about the
early times of native Latin America, as the natural environment
deeply influenced indigenous life, culture, and history.

A Modern Historical Perspective of One
Health in Latin American Countries
In 2010, the Food and Agriculture Organization (FAO), World
Organization for Animal Health (OIE), and WHO collaboration
officially established the One Health Tripartite (12). In addition,
the European Union reaffirmed its commitment to operate under
the One Health umbrella, and in 2011, the first International

One Health Congress took place in Australia. In 2014, the
International Society for Infectious Diseases (ISID) and ProMED,
along with Skoll Global Threats Fund, HealthMap, and Training
programs in Epidemiology and Public Health Intervention
Network (TEPHINET), began working on another innovative
tool for disease surveillance, namely, the EpiCore program. The
EpiCore was created to build a network of field epidemiologists
and health professionals who could validate reported and
suspected disease outbreaks. ProMED moderators send requests
for information (RFIs) directly to EpiCore members in a
specific area of the world regardless of country or region. The
specialties of the EpiCore membership reflect the One Health
approach of ProMED with experts in animal, environmental
and human health, all represented in the movement (13).
Since then, increasing numbers of international organizations
have promoted efforts to establish the One Health approach
and actions around the world, including in Latin American
countries (14–17).

Only in June 2021, at the 168th Session of the Executive
Committee that the Pan American Health Organization
(PAHO) has included One Health in the official agenda, as a
“comprehensive approach for addressing health threats at the
human-animal-environment interface” and prioritizing endemic
diseases of zoonotic and vector-borne origin, emerging, and
reemerging infectious diseases of zoonotic origin, antimicrobial
resistance, and food safety (12). However, PAHO has promoted
such a multisectoral approach, particularly in veterinary
public health, for several decades, back to the Inter-American
Ministerial Meeting on Health and Agriculture (RIMSA) in 1968
and 2016, the last entitled as “One Health and the Sustainable
Development Goals”.

The PAHO proposed analysis and mapping of health
interactions in specific national contexts, the establishment of
One Health governance, strengthening multidisciplinary and
intersectoral aspects, emergency preparedness and response,
digital technology and scientific tolls, research, and capacity
building as strategies in accordance with Agenda 4.6 One Health
of the General Strategic Plan of PAHO for 2020-2025 with an
estimated budget of the US $1 million per biennium (12). In that
review, the PAHO has indicated a list of collaborating centers and
best practices in One Health throughout the Americas, including
the Collaborating Center on Environmental and Public Health at
Fiocruz in Brazil, with best practices on leptospirosis and rabies
approaches, and improvement surveillance on the triple-border
area of Brazil-Argentina-Paraguay, and the Chilean Agency for
safety and Food Quality (ACHIPIA) in Chile.

ONE HEALTH EXPERIENCES IN BRAZIL,
CHILE, AND COLOMBIA

OneHealth history and development in the last decades in Brazil,
Chile, and Colombia have been summarized and presented by
timelines of each country (Figures 1–3, respectively).
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FIGURE 1 | One Health history and development in the last decades in Brazil.
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FIGURE 2 | One Health history and development in the last decades in Chile.

One Health in Brazil
From the Approach to the Concept – “Bottom-up”

Grassroots Movements
One Health approach in Brazil has been reported long before
the term One Health was coined. Since the beginning of
VeterinaryMedicine andAgriculture Schools in the 20th century,
agriculture and health science professionals have been working
together in indigenous, rural, and impoverished communities
that had no access to health assistance. Conferences held by
world organizations in Latin America supported the importance
of interdisciplinary actions through Global Health. Wildlife
preservation, habitat, and biodiversity topics had been the focus
developed from national conservation institutions during the
20th and 21st centuries.

Since 2002, Veterinary Medicine students and residents, at
São Paulo State University (Unesp) in Jaboticabal, northeast São
Paulo state, Southeastern Brazil, have performed animal and
public health outreach in rural communities which would later
be regarded as One Health. Students accompanying community
health agents assessed health risk factors related to the interaction
between humans, animals, and the environment in homes
and surrounding areas with attention to the main zoonoses
as determinants of the health and disease processes in their

ecosystems. Educational actions were applied, mainly, in primary
and secondary schools with an expectation that children were the
messengers for their parents and their behavior to be changed. All
of these activities generate research for postgraduate studies.

The One Health movement in Brazil was officially introduced

and recognized in 2007 when Dr. William B. Karesh, a wildlife

veterinarian from the Bronx Zoo of New York, EcoHealth
Alliance, and the Wildlife Conservation Society (WCS) led the
first One Health Symposium in Brazil, introducing the theme
“OneWorld, One Health” in which wild animals act as important
reservoirs and sentinels of diseases that affect human health
being correlated with environmental destruction. In 2009, the
Centers for Disease Control and Prevention (CDC) and Brazilian
professionals collaborated with a Leptospirosis research study
through the One Health approach in Northwestern Brazil. In
December 2012, the concepts of One Health, EcoHealth, and
Zoobiquity were introduced in Brazil by one of the authors of
this study (CPB), who is also a zoo and wildlife veterinarian,
by initiating and promoting One Health and spearheading
official postgraduate research interdisciplinary programs among
national and international academic institutions.

The Veterinary Public Health and Biotechnology (VPH
Biotec) Global Consortium launched the “International Congress
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FIGURE 3 | One Health history and development in the last decades in Colombia.
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on Pathogens at the Human-Animal Interface (ICOPHAI).” The
first edition occurred in Addis Ababa, Ethiopia, in 2011, and the
second ICOPHAI was held in Porto de Galinhas, Brazil in 2013
to discuss issues related to zoonotic infectious diseases worldwide
and thematic areas that necessitate One Health implementation
in Latin America (16).

Since 2012, many One Health events have been officially
established in several states and cities in Brazil. Most of
the One Health events in Brazil were neither known nor
advertised nationally or internationally. The Universities already
had interdisciplinary outreach programs with One Health,
such as approaches working directly with rural and diverse
communities through the Unified Health System (“Sistema Único
de Saúde” – SUS). By this time, the One Health concept was
neither widely known nor advertised nationwide. Similarly,
“The One Health Summer School Brazil”, which started in
2013, focuses on topics of infectious diseases, food safety,
and public policies as part of an international collaboration
between the School of Veterinary Medicine and Animal Sciences
at Unesp, Prefeitura de Botucatu/SP, and the University of
Saskatchewan, Canada. Postgraduate training was developed
through international collaborations.

In 2014 and 2015, many actions were carried out in Brazil
that contributed to the spread and application of the One
Health approach in the country and Latin America. The first
One Health Workshop was hosted in Minas Gerais State,
Southeastern Brazil with national and international One Health
experts (18). In the same year, The One Health Brazil Latin
America Group was created and constituted by One Health
Centers of Excellence (“Centros de Excelência de Saúde Única”) as
a result of a 2014 One Health Fulbright Scholar and Ambassador
Awards, spearheaded by one of the authors of this manuscript.
The original Centers of Excellence at the time were held in
the states of Bahia, Pernambuco, Minas Gerais, Rondônia,
Pará, Roraima, and Mato Grosso do Sul. A successful example
of these “grassroots” community and One Health approach
movements through “Centros de Excelência de Saúde Única”
occurred on March 5, 2015, with the First One Health Bahia
Symposium held in Porto Seguro with attendance of more than
150 health professionals from different areas and institutions.
Infant microcephaly that was possibly associated with the ZIKA
virus was presented through the One Health concept by Brazilian
physician infectologist, Dr. Antonio Bandeira, working together
with Fundação Oswaldo Cruz (FIOCRUZ) andHospitals. Similar
activities involving directly community leaders were developed in
these Centers of One Health.

Meanwhile, members of the One Health Brazil Latin America
Association presented their work at the One Health Forum
in Davos, Switzerland at the third Global Risk Forum One
Health Summit 2015 (17), and at the first Global Conference
on One Health (GCOH) in May 2015 in Madrid, Spain. This
reinforced the commitment to continuing the dissemination of
the concept and approach in Brazil and Latin America. The
event in Madrid brought together researchers from 40 countries,
with the participation of professionals from Brazil and Mexico.
Partnerships survey of One Health Brazil Latin America were

presented as a reference for several One Health projects in Brazil
and Latin America.

The “One Health Brazil Latin America Association” became
an official member of the World Veterinary Association (WVA)
in 2015. The association included Brazil, Colombia, Peru, and
Chile collaborators. Eventually, pioneer members from the
Brazilian institutions reorganized and created the One Health
Brasil with a purpose to unite, collaborate, organize, and
centralize a sustainable multidisciplinary network of One Health,
EcoHealth, and Planetary Health in Brazil.

After that, other important initiatives have been promoted,
mainly by universities and professional associations like the
52nd Brazilian Society of Tropical Medicine Congress, held in
Maceió, Northeastern Brazil in 2016. On this opportunity, the
subject “Challenges for human and animal health in transforming
ecosystems in a One Health perspective” was widely discussed.

The Centers of Excellence of One Health in Latin America
were recognized internationally, supported by the World
Veterinary Association (WVA), and the World Medical
Association (WMA), receiving several Global One Health
Awards in 2016–2017. The “LeishNão Project: A One Health
approach for visceral leishmaniasis prevention in an endemic
area in Brazil” by Galhardo et al. (19), “One Health in Brazil
and the One Health International Project Programme” and
“From the approach to the concept – a successful “grass
root” One Health movement in Brazil and Latin America”
by Pettan-Brewer et al. (17), received at the 33rd World
Veterinary Association Congress in Seoul, Korea. In November
2016, the WVA, the WMA, the Japan Medical Association
(JMA), and the Japan Veterinary Medical Association (JVMA)
jointly held the Second WVA-WMA Global Conference
(GCOH) on One Health in Japan following the inaugural
GCOH held in Madrid, Spain in 2015. The proposal for
the third WVA-WMA Global Conference (3rd GCOH)
to be hosted in Brazil was presented by the One Health
Brazil Latin America representatives and hosted by the
One Health Brazil and the Veterinary and Medical Federal
Associations. Unfortunately, the event was canceled due to the
COVID-19 pandemic.

In February 2017, the antimicrobial resistance (AMR) group
from the Pontifical Catholic University of Paraná (PUCPR),
using the One Health approach, organized the round table,
“Current state of Antimicrobial Resistance in Brazil and the
United Kingdom,” together with the UK Science and Innovation
Network and the School of Life Sciences of PUCPR. They invited
40 high-level experts from the government, academy, and private
companies from the UK and Brazil to discuss the global and
Brazilian state of AMR. As a result of this round table, several
suggestions were made to improve the fight against AMR within
the International Global Plan to fight AMR. In addition, the
One Health Commission of the Regional Veterinary Council
of Paraná State (CRMV-PR), a pioneer at the National level,
was formed in April 2018 to fortify Veterinary Medicine in
maintaining public, animal, and environmental health under the
context of One Health. In 2019, through the State Commission
for One Health, a partnership was established between the
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Federal and the Regional (PR) Council for Veterinary Medicine,
and the first International Symposium on One Health was held,
addressing zoonoses, disasters, mental health, and AMR. At the
opening of the event, a term of commitment was signed between
government entities, PUCPR, and the Regional Council to work
in One Health. Thus, the School of Life Sciences (PUCPR), in
2019, changed all the matrices of its undergraduate courses, thus
starting with One Health disciplines common to all courses.

After 2017, Federal and Professional Associations (CFMV,
CRMV, COREM, CNS, CFM, SBM) have collaborated by
disseminating the concept of One Health. The Preventive
Medicine and Public Health sectors have always covered aspects
of preventing and maintaining the health and wellbeing of
animals and, by extension, of human beings. The conservation
and preservation of the environment have shown great global
interest in health and only in the last decades, with the new
emerging diseases, and many enzootic epidemics have been
proven to be associated with an imbalance in nature, destruction
of habitats, and wild and domestic animals that were sentinels
or reservoirs of new epidemics. An example of applying the One
Health approach in endemic regions can be seen during the
biggest epidemic of Yellow Fever in Brazil, which occurred in
the years 2017 and 2018 due to a new cycle wave aggravated by
mosquito-borne spreading, habitat encroachment, and exposure
of the unvaccinated population. This occurred after almost 80
years of eradication in urban settings by vaccination in 1942.
The fatality of wild primates during the epidemic demonstrated
the importance of animals as sentinels for human health and the
destruction of the environment associated with the reemergence
of various zoonotic diseases (20).

Another aspect that highlights the spread of the One Health
concept in Brazil and Latin America is the increasing number
of events from these countries in the celebration of One Health
Day (November 3) in the last years. This international campaign
co-coordinated by the One Health Initiative, the One Health
Platform Foundation, and the One Health Commission aims
to bring awareness to the need for One Health interactions
around the world. In 2018, an event organized by students
from the Federal Rural University of Rio de Janeiro (UFRRJ)
was one of the winners of the One Health Day Student Event
Competition Award. The “One Health Day at UFRRJ” brought
professionals from different health and environmental-related
fields together to sensitize attendees from different backgrounds
about the indissociable connection between human, animal, and
environmental health. In the last years, similar educational events
were held on a local, regional, and national level in Latin America,
reinforcing the need for a multidisciplinary approach in many of
the contemporary and future challenges.

From 2016 to 2021, other independent health groups
continued in formation throughout Brazil and Latin America,
such as courses and disciplines. The “1st National Meeting on
One Health,” in Belo Horizonte, Minas Gerais State, Southeastern
Brazil supported by the Federal University of Minas Gerais and
Federal Council of Veterinary Medicine (CFMV) aimed to
disseminate the concept “One Health,” its challenges, policies
to professionals in the medical, veterinary, and environmental

fields. Most of the One Health groups and events in Brazil
initially concentrated on wildlife medicine, species preservation,
environmental conservation (Planetary Health and EcoHealth),
and emerging infectious diseases in Brazil and Latin America.
Many groups focused on sustainable agriculture, agroindustry
through the One Health approach, AMR, Food Safety, theater
and arts, education, anthropology, and animal and human health,
while others focused on comparative medicine and human-
animal bond and wellbeing. Several professionals participate in
these interdisciplinary partnerships, such as medical doctors,
veterinarians, nurses, agronomists, nutritionists, psychologists,
historians, anthropologists, statistics, biologists, dentists,
conservationists, engineers, artists, and dancers.

Research groups in Brazil have also been applying One Health
as a practical tool to solve problems such as zoonoses in different
populations and their contact animals, taking advantage of the
SUS, which allows comprehensive human-animal sampling. In
such scenarios, wild boars, hunting dogs, and hunters have been
surveyed in Brazil for vector-borne, waterborne, and foodborne
diseases, for the first time worldwide (21). Moreover, One Health
research and outreach community projects with community
leaders toward Brazilian social classes vulnerability have provided
interesting results in animal hoarders, homeless, incarcerated,
indigenous, slum, low-income, and traditional island populations
in their environments (22–25). In such a hands-on approach,
companion and livestock animals have been concomitantly
surveyed along with their owners, reaching holistic results,
and establishing new roles in pathogen cycles of urban and
anthropized settings.

One Health Training, Research, and Outreach in

Brazilian Academic Institutions
The increase in the demand for qualification due to the
requirements of the labor market has led health, agriculture and
environmental professionals to increasingly seek a differential
in their academic training with Higher Education Institutions.
This fact was specially related to the insertion of different health
professional categories, starting from the enactment of Law No.
8,080 of September 19, 1990 (26) in the area of Primary Health
Care, more precisely in the Family Health Support Centers,
following the publication of the Ministry of Health Ordinance
No. 2,488, of October 21, 2011 (27).

Furthermore, the experience of interdisciplinary teaching,
research, and extension of Environmental Health at the School
of Nursing at Ribeirão Preto, University of São Paulo (SNRP-
USP), began four decades ago in the training of clinical nurses.
The history of this curriculum development had moments of
coming and going, resulting from the institutional didactic and
methodological options and trends. However, it took shape and
acquired greater consistency over time despite the difficulties
imposed by the traditional teaching model centered only on
disciplinary practices and the hospital-centered caremodel. From
the 1980s onward, there were important national movements
with changes in health care proposals in Brazil, culminating
in the promulgation of the new national constitution (1988)
and strengthened by the Primary Health Care model and the
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SUS in 1990. The creation of an Interinstitutional Group for
Studies and Research in Health Service Wastes (IGSRHSW)
was strengthened by an interdisciplinary character, composed of
professionals from different areas of knowledge and educational
institutions, services and assistance in health, environment,
sanitation, engineering, economics, and administration focused
on Environmental and Planetary Health. Concomitant to
the formation of this group, the Environmental Health
Laboratory was created, in which an action project was
established in the teaching, research, and extension to the
community. Academic works were generated, including thesis,
dissertations, scientific articles, manuals, books, and book
chapters, among others, also offered to graduate students
and postdoctoral researchers, opportunities for exchanges with
relevant international institutions. Currently, the teaching of
Environmental Health at SNRP-USP has been inserted in the
teaching practice, in an interdisciplinary way and focused on One
Health, through the proposal of building healthy and sustainable
environments, aiming at training nurses and other professionals
of the future for a globalized world.

In addition, since 2017, the class “One Health: Human,
Animal, and Environment” has been offered to undergraduate
students at the Federal University of Minas Gerais - UFMG,
covering theoretical and practical aspects that include field visits
in public parks and zoonosis control services in Belo Horizonte,
Minas Gerais.

As previously mentioned, the introduction of the One Health
concept in postgraduate education in Brazil was introduced,
which was derived from the American term “OneHealth” and the
interdisciplinary approach. The integrated and transdisciplinary
training among professionals was brought to the fore among
the professors of the Federal Rural University of Pernambuco
(UFRPE), which was the utmost need to create and offer a
outreach program that would meet the demands required by
local communities and by the professionals working together
in the Pernambuco State, Northeastern Brazil. Some professors
realized in recent years, especially between the period of 2015
and 2018, that students entering postgraduate courses did not
have the profile for training in graduate courses at the academic
level because the vast majority of them already had employment
in a public institution or private company linked to the health,
agriculture or environment field, and were often interested
in graduate programs mainly to update their knowledge and
improve their performance in their professional fields or by their
own need for changes in the field of activity in the companies in
which they already operated.

In addition to this perception and concern from the
professors, and due to the lack of a specific postgraduate
program in One Health in the city of Recife, capital of
Pernambuco State, the Professional Master’s degree in One
Health from UFRPE began to be designed and idealized by some
professors, who took over the elaboration of the proposal, in
the field of preventive veterinary medicine in the Department
of Veterinary Medicine. However, since this department did not
have enough professors who would meet all the demands of
the minimum program content necessary for the training of
students, other professors from other departments of the Federal

Rural University of Pernambuco (UFRPE) and other institutions,
namely, the Federal University of Pernambuco (UFPE) and
the Federal University of Agreste of Pernambuco (UFAPE),
were invited to collaborate. In addition, considering practical
experience and experience in management and administrative
positions, professionals from public institutions, such as the State
Health Secretariat of Pernambuco, were also invited to compose
the teaching staff and contribute to the training of professionals
in the field of One Health.

Based on this demand raised by UFRPE, coordinating
professors of the developing proposal have scheduled meetings
with the various segments and institutions linked to the One
Health field, such as municipal and state health departments and
the Agricultural Defense Agency of the State of Pernambuco.
The Defense Agency, in particular, readily showed interest and
positively signaled support for the creation of a postgraduate
course in the One Health field in addition to raising actions
among their staff. This was done for training and updating, given
the growing demands and needs from society for joint action
of quality by the professionals who make up the staff of the
respective companies. Thus, the implementation of a professional
master’s course in the field of? One Health at UFRPE was a
demand needed not only by veterinary medicine professionals
and other health professionals, given the different possibilities of
performance in the professional market, but also by the society
itself. This was done for technically qualified professionals to
meet their needs, as food consumers and users of different
health services, related to health surveillance, a better quality of
life, animal health defense, environmental health, and primary
health care.

Currently, the accredited professional master’s degree in
One Health at UFRPE has two lines of action and/or
intervention called Surveillance and Primary Health Care and
Epidemiology and Health Planning. Teaching staff formed by
veterinarians, an economist, a dentist, a speech therapist, and,
occasionally, professionals from other areas were invited to
interact with the students, among which included social workers,
nurses, physiotherapists, veterinarians, an administrator, a
pharmacist, biologists, educators, among other professionals,
who develop intervention projects in their institutions of origin,
whether public or private, in the field of health, agriculture,
and environment, related to health education, control of
communicable or non-communicable diseases, water, food,
management, processing of epidemiological data, AMR, among
others at the intersection human, animal, and environment.

The design of shared disciplines at the post-graduate level
by applying the Collaborative Online International Learning
concept has also been an initiative to promote One Health
among different professionals in Brazil and other countries (28).
The Federal University of Espírito Santo (UFES), in partnership
with Federal University of Paraná (UFPR), and universities from
Mozambique (Catholic University of Mozambique), Germany
(Ludwig Maximilian University of Munich - LMU - and
Technical University of Munich), and Kosovo (Kolegji AAB),
developed the “Joint Initiative for Teaching and Learning
on Global Health Challenges and One Health” (JITOHealth)
in 2020, financed by the Center for International Health at
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LMU. The JITOHealth targets education and training, focusing
on surpassing the lack of collaborative approach, absence of
cross-cultural experiences, and unequal distribution of scholarly
resources in One Health, with experts from 22 institutions of
the Americas, Africa, Europe, and Asia collaborating with the
course content.

Outreach projects in higher education institutions also
support the promotion of One Health among faculty, scholars,
and communities in Brazil. An interdisciplinary team from
UFES, recognizing the importance of training professionals in
the One Health approach, created an outreach project entitled
One Health ES in 2020, which involves faculty, professionals,
and undergraduate and graduate students of different areas,
such as medicine, veterinary, nutrition, pharmacy, biology,
biomedicine, and dentistry. Periodically, the group meets to
debate publications involving One Health and to plan and
develop projects to be implemented in the community aiming
at the health promotion and the prevention and control of
diseases by applying the One Health concept, such as publication
of informative material in social media. One Health ES also
organizes webinars with invited experts, improving the network
for further projects. The team also conducts research using this
approach working directly with communities, which has been
promoted in the social media of One Health ES. The engagement
in the interprofessional actions, with collaborative participation
of the entire team, highlights the promising impact of this
initiative in the public health system and biodiversity in Brazil.

In Minas Gerais, Southeastern Brazil, the Post-Graduate
Research Program (PPG) of the Federal University of Viçosa
has been a program of international research partnerships
with the University of Washington and The Paul Allen
Global Animal Health at the Washington State University,
the USA with an official dual Doctor of Science and
PhD. The UFV/UW/WSU One Health interdisciplinary post-
graduate partnership program continues to support sustainable
collaborative research projects in One Health approaches
as well as hosting exchange of professionals, students and
visiting scholars.

During the COVID-19 pandemic, veterinarians in the
Residency Program at UNESP Jaboticabal have been working
directly in Public Health on different fronts of action both
in Epidemiological Surveillance and Primary Health Care,
as well as in the Coronavirus Service Center, performing
telemonitoring of suspected patients. In parallel, two research
projects have been developed: “Seroprevalence of SARS-CoV-2
infection in the municipality of Jaboticabal - SP: serial serological
surveys” and “Molecular diagnosis of patients infected with
SARS-CoV-2 in the municipality of Jaboticabal - SP: use of
a safe and low-cost protocol.” Also, due to a departmental
reorganization at the School of Agricultural and Veterinary
Sciences, a Department of Pathology, Theriogenology and One
Health has been renamed, demonstrating that One Health should
be accepted as a reality that involves all disciplines related
to animal health and global health, in the interface with the
environment, including One Health in the curriculum, outreach,
and research.

One Health Brasil (OHB) Network History
As regional One Health groups were created, mainly through
articulations in favor of research opportunities, but also for
specific events, university professors and post-graduate students
from different professional programs established a small online
community in 2016 using the mobile platform, WhatsApp that
would have become the most popular in Brazil and several
countries. They established this community, the One Health
Brasil Network, together with leaders and members of the
One Health Brazil Latin America Association and several other
One Health commissions and groups from all over Brazil.
Initially, such a network aimed at simply sharing contacts and
general information, intuitively associated with the themes of
One Health, EcoHealth, and Planetary Health, from newspaper
and scientific academic articles, policy reports, manuals, and
regulations to advertise lectures and world events related to
One Health.

Growing “organically,” especially from the outreach promoted
by its members at symposia and conferences, the community
began to face one of the great challenges of a community-
based organization: effective communication. Often, the
dialogical space was taken by manifestations that, although
relevant, clearly diverged from the One health approach and,
often, conveyed ideological positions and political readings of
governmental programs and actions. With the recurrence of
circumstances impairing constructive and collaborative dialogue,
the necessity of a group management committee became clear.
This management committee then started monitoring the posts
and, whenever necessary, intervening to preserve the focus on
One Health and, as much as possible, the predominance of
collaborative attitudes.

In 2019, the management committee decided to create a
website to what was already called the Rede One Health
Brasil network (29), as a project. The creation of the website,
itself, became an opportunity for the committee to enunciate
the fundamental identity aspects of the organization, namely,
its mission, vision, values, and strategic objectives. Next, the
distribution of attributions and responsibilities in the first cycle
of strategic planning was postponed with the emergence of
the COVID-19 pandemic in the first quarter of 2020. On the
one hand, One Health gained greater visibility from the global
crisis. On the other hand, the process of consolidating presential
partnerships and collaborations into new institutions seems to
have been suspended, awaiting resumption in 2021. However,
online meetings, lectures, discussion panels, and live webinars
were happening daily. One Health Brasil network has been
a successful example to all other countries of inclusive and
sustainable interdisciplinary partnerships that unite a country
through national and international collaborations. The network
has established mutual official partnerships with organizations
such as One Health Platform, One Health Initiative, One Health
Commission, and One Health Sweden, continuing to build solid
partnerships among uncountable international organizations
from all continents. One Health Brasil also has thematic groups,
such as ECOHA (Ecossistemas Aquáticos: Saúde animal, humana
e Ambiental), an interdisciplinary subdivision applying One
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Health, EcoHealth, Planetary Health, and wellbeing of all lives
in aquatic ecosystems.

In 2020, through the One Health Brasil network, investigators
from different regions of Brasil received a CNPq Research Award
(PetCOVID-19 Study applying the One Health approach) and
have been leading the first SARS-CoV-2 research in pets in
Latin America. Results have been notified to OIE-WOAH, peer-
reviewed articles have been published, and education through
media and internet tools have been emphasizing the importance
of veterinarians as essential professionals in human health,
animal welfare, and the prevention and control of pandemics
through One Health.

One Health in Chile
In 2014, the first initiatives of OneHealth began in Chile, forming
the first collaborative group (Una Salud Chile) including national
universities and public services (30). Subsequently, since 2016,
some activities related to One Health have been carried out as
activities framed in the One Health Day on November 3, which
were reproduced in the South of Chile.

Later in Santiago, the education team of the Center for
Applied Research of Chile (CIACHI) wanted to provide
education in civil society and directly in the communities,
working and consolidating the resilience of the villages
within Santiago. On December 4, 2018, the director of
CIACHI was appointed spokesperson for Central and South
America at the One Health Platform and the director of
One Health Commission connected the founders of OHLAIC.
The activities grew exponentially throughout the year in
Chile with the participation and support of the Education
and Science Foundation. The First One Health Seminar on
Emerging and Re-emerging Diseases was held in Valdivia,
several One Health workshops in schools, and a Scientific
Fair at Higher Institute of Commerce were carried out (31).
Furthermore, an interdisciplinary workshop for the Guides
and Scouts of Chile with more than 12,000 adolescents
was hosted and sponsored by the 2019 Chilean Congress
of Medical Students (32). In 2020, the first course in the
world for non-biologist undergraduate students on One Health
(law, psychology, journalism, and engineering) was given at
the Adolfo Ibáñez University with excellent comments from
students (33).

The main purpose of the National One Health Network
(ReNOH) has been to connect all One Health groups in Chile
to work based on local, national, and global objectives, including
researchers and university students working in the same areas
from all regions of the country. It is currently incorporating
high school students and civil society, bringing the concept to
schools and civic associations such as neighborhood councils
or fairs.

The expansion of ReNOH has been a work in progress
and discovery of new activities, in this context. Their main
objectives have been to educate in One Health concepts and
strategies, reaching the most remote and vulnerable communities
(34). The main challenges for the groups that currently work
in One Health in Chile have been to coordinate public
policies under this concept and generate a greater national

closeness and understanding of the scope of this strategy
for university students of various careers and society in
general, where until now there has been low penetration of
the concept.

One Health in Colombia
The history of the One Health approach in Colombia has
also been linked to Veterinary Public Health teachings from
the beginning of the 21st century. Professionals from several
cities of the country gathered under the “Red Salud Pública
Veterinaria” (SPVet). The SPVet network was created following
a recommendation made at the First Meeting of Veterinary
Public Health held in Bogotá (Colombia) in 2003 under the
auspices of the Representation of PAHO-WHO. Organizations
and Universities participating in this meeting included the
National University of Colombia, Antioquia University, and the
District Secretary of Health. During this meeting, an important
dialogue related to food safety, prevention of zoonoses, poor
public perception of the role of veterinarians in the wellbeing
of the community, low importance of veterinary public health
in higher education, and absence of guidelines for professional
practices and the consequent fragmentation of the agricultural
sector in the decision-making regarding the health system
and the social and economic development of the country was
held. The objectives of the SPVet network were the following:
(1) maintaining a continuous and timely flow of information
on veterinary public health topics, (2) strengthening ties of
cooperation and support among specialists, create a space for
discussion and consultation on topics of national interest as
international, and (3) contributing to the strengthening of
undergraduate and graduate academic activities in veterinary
public health (35).

The need to integrate the improvement of professional
activity and education in public health added to the need for
veterinarians to take part in certain situations of emergencies
affecting the relationship between humans and animals. This led
to the development of the “Red de Salud Publica Veterinaria”
(SAPUVET), a series of projects co-financed under the EU
ALFA program, aimed to support an international network
constituted by Faculties of Veterinary Medicine from Latin
America and Europe. The projects have envisaged a series
of objectives and activities aimed to promote and enhance
research and training and intersectoral collaboration across
Latin America and Europe. Project partners use a mail-list and
distance learning platforms (e.g., Moodle, Colibri) to organize
educational activities. Major results so far achieved have included
the harmonization or development of a common curriculum,
the creation of common modules on selected VPH topics, and
that new teaching methodologies were used for a common
training program on VPH, delivered via the Internet, using
the problem-solving approach based on case studies. Challenges
were experienced as a result of poor and unreliable internet
connections. The use of modern communication and teaching
methods in combination with written and theoretical material
enabled lecturers and students at the universities involved to test,
in some cases, for the first time, a problem-solving approach
and a modular teaching structure in virtual format of real
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situations. The adoption of this innovative, flexible, less teacher-
dependent mode of learning has played a key role in the
activities of the network (36). Production of videos (DVDs)
and self-learning software (CD-ROM) on meat inspection and
hygiene (in three languages), development of an online VPH
teaching Manual (beta version in Spanish), organization of e-
conferences on upcoming VPH issues, publication of a new
International VPH Journal “Una Salud/One Health/Uma Saúde,”
(in three languages) exchanges of professors and researchers
and coordinating meetings, participation in and organization
of seminars, congresses, and conferences at the National and
International level, and the publication of scientific and popular
articles were used. The SAPUVETNET didactic tools have
been tested and used by partner faculties and universities and
other institutions. Didactic material can be freely circulated and
distributed, used for distance learning, and be adapted to the local
context of any country or geographical area, even outside Latin
America and Europe (35–38).

The University representing Colombia in the SAPUVETNET
project was La Universidad de La Salle, particularly, the
Agricultural Sciences School, located in Bogotá. The school has
been active for the past 10 years in (i.) publishing academic
material, (ii.) promoting the One Health concept through
participation and organization of local symposiums, (iii.)
institutional cooperation with the National Health authorities
such as the Zoonoses Integral and Integrated National Program
funded by the Colombian Ministry of Health and Pan American
Health Organization, and (iv.) formation of undergraduate
students within the Semillero de Investigación en Una Salud
(Seeds for One Health Investigators) (39, 40).

Another important network applying the One Health
approach not only in the academic field but also in general
communities is the University of Córdoba in Monteria, northern
Colombia. This University constituted the One Health Colombia
Network (OHCol Network) being recognized nationally and
internationally by One Health Commission (USA) and the
International Student One Health Alliance (ISOHA). This
Institution held the first One Health Colombia International
Symposium in 2018 and the second One Health Colombia
International Symposium in 2019. The OHCol Network has
been accredited as an official member of the interdisciplinary
alliance for research and international collaborative training
with the Schools of Medicine and Global Health, and the
One Health Research Center (COHR) at the University
of Washington, USA, and have been developing curricula
and outreach programs to train students and professionals
with the global vision of One Health, EcoHealth, and
Planetary Health approaches for conservation and human,
animal and environmental health among the underserved
minority communities. Colombian health professionals working
with research and community leaders through the One
Health approach were also members of the original One
Health Brazil Latin America Association which has been
officially a member of the World Veterinary Association
since 2015.

Since 2018, the One Health Colombia Network has held
18 “One Health and Wellness outreach sessions” in different

rural and underdeveloped regions. More than 1,200 animals of
several species have been evaluated, vaccinated, vitaminized, and
dewormed. In addition, more than 7,000 people of all ages have
received medical care and educational teachings in prevention
health and welfare. These outreach sessions follow a human-
animal-environmental interface methodological strategy based
on Human Health activities, Biodiversity, and Economics Health
(41). From 2020 to 2021, OHCol has developed One Health
and One Welfare programs with institutions with other Latin
American countries and also with One Health Centers from
Colorado, Alaska, and Italy. An official Master’s of Science in
One Health and OneWorld has been accredited at the University
of Cordoba.

Under the COVID-19 pandemic, several Colombian public
health research groups have published about the importance
of the One Health Approach in the emergence of newer
zoonotic infections like SARS-CoV-2 (42, 43). Authors have
pointed out the potential of several zoonotic infections that
calls for the implementation of One Health as a framework to
design and operationalize better public health programs. Some
of these groups were (i) the Epidemiology and Public Health
Research Group at the De La Salle University in Bogotá, (ii)
the Biodiversity and Ecosystem Conservation Research Group
(BIOECOS), at the Fundacion Universitaria Autonoma de las
Américas in Pereira, (iii) the Public Health and Infection
Research Group, Faculty of Health Sciences, at the Universidad
Tecnológica de Pereira, (iv) The Fundación Universitaria Agraria
de Colombia (Uniagraria) located in Bogotá, v. CES University,
Medellín, and vi. the National University of Colombia, located in
Medellín and Bogotá.

One of themost significant contributions from the Colombian
National Health Institute was the launching of the One Health
Zoonotic Disease Prioritization workshop (OHZDP) in Bogotá in
August 2019, based on the methodology developed by the CDC
USA and Colombia (44).

In November 2019, the second International One Health
Symposium held by the One Health Colombia and leaders
from One Health in Latin America countries (Chile, Costa
Rica, Cuba, Uruguay, Brazil, and others) signed a One Health
Latin America Manifest for mutual understanding committing
to work collaboratively and synergically within the One Health
Latinoamérica, Ibero y el Caribe network (OHLAIC) (45).

One Health in Latin America Ibero and
Caribbean Network (OHLAIC)
Despite the adaptation of an English-speaking concept of One
Health to Spanish, Portuguese, or French of most Latin American
countries, the majority of terms can be easily translated due
to their link to basic words describing almost the same health
issues. However, Latin languages accept the switch of substantive-
adjective. For example that “One Health” (Saúde Única, Salud
Unica,Une Seule Santé) and “Health One” (Uma Saúde,Una Sola
Salud, Une Santé), may be interchangeable in such languages.

One Health in Latin America arose after many researchers
asked themselves why this concept was remarkably familiar and
had not officially entered Latin America. The mutual experiences

Frontiers in Public Health | www.frontiersin.org 12 September 2021 | Volume 9 | Article 687110154

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Pettan-Brewer et al. One Health History in Latin America

were that it was due to idiosyncrasies, language barriers, political
and economic difficulties. For this reason, individual countries
started building and strengthening One Health Networks with
professionals who already were working with a One Health
approach without distinction of race, creed, political ideology
but inclusive networks at no cost and with the consideration
that in Latin American countries the budgets for research and
education were very low. Hence, each country in Latin America
has different experiences and the history of each one remains to
be fully described. The objectives and goals of the One Health
Latin America, Iberic, and Caribbean countries network have
been detailed and presented in Figure 4.

In 2019, a “Quien es Quien” in One Health in Latin
America Webinar was presented and hosted by the One Health
Commission with over 17 countries representing Latin America
and the Caribbean Islands (46). In December 2019, the Network
OHLA (sounding as Hello! in Spanish or Portuguese) grew with
the addition of Spain and Portugal, changing its original name to
OHLAIC to include Ibero and Caribbean countries (47). In April
2020, the OHLAIC webinar cycle began with the first Webinar
“Reflections on the COVID-19 pandemic from the vision of One
Health and One Welfare” (48) continuing in July 2020 with the
second webinar “COVID-19: SARS-CoV2 disease and wildlife in
Latin America” with excellent exhibitors and a large audience.
Thus, consolidating a network with clear objectives and that
in December 2020 a CYTED project (Ibero-American program
of science and technology for development) was awarded for
thematic networks on the subject of sustainable development and
climate change for 4 years (49). Recently, during December 8–11,
2020, SAPUVETNET-OHIN and Latin American Universities
held a webinar series organized by the Universidad Peruana
Cayetano Heredia in Lima presenting multiple results of research
studies within the One Health Approach.

Next Steps for One Health in Latin America and the

Caribbean With the World
The One Health in Latin America, Ibero, and Caribbean
Network has presented specific objectives which have been
gathered, summarized, and presented in Figure 4. However,
the specific goals of One Health networks in Latin America
rely on each country and their prioritized actions. In such
One Health approach, main goals have been accomplished by
collaborative synergism and non-competitiveness, sensitizing
different society actors, culture inclusiveness and diversity, and
practical multidisciplinary working groups. The objectives of
these One Health networks in Latin America have prioritized
actions from a collaborative synergism and non-competitiveness
to work from a One Health approach to sensitize the different
actors of society and to form working international groups in the
different areas of global health. It has served as a platform for
meeting and bringing together different professionals linked to
different areas of human, animal, and ecosystem health, and for
allowing the exchange of not only scientific knowledge, but also
the union of different cultures, thoughts, and initiatives around
OneHealth. There has been a great importance to interculturality
in such a way as to know the roots of all Latin Americans and
try to preserve them and keep them active over time, even more

so now to generate a new deal with the ecosystems as the native
peoples did with respect, equality, passion, and wisdom.

Another main objective of such networking is the
establishment of a standard system for the joint assessment of
international infectious disease risks, construction of sustainable
mechanisms for collaboration and communication between the
bodies and ministries responsible for human health and animal
health, and align national, regional, and international strategies.
This is to prevent and control diseases with collaboration
and participation in an intersectoral initiative implementing
the concept in daily practice. One Health offers a systematic
approach to complex problems that involve interactions between
spheres of human-animal-environmental health. This approach
has been increasingly important in an era of rapid changes in
the environment, including climate change. It requires new
types of transdisciplinary collaboration, direct participation
with local communities to conduct integrated assessments, and
interventions that consider the interconnected health of humans,
animals, and the environment. As described in the introduction,
One Health terms represent different concepts linked to the
same One Health foundation. However, it has been essential
to continue the discussion for the welfare of human beings
and animals, the connection between all (One Welfare; One
Wellbeing) (50) and the complex integration of One Health,
Health of the Environment (EcoHealth), Economics Health,
and Health of the Planet (Planetary Health) as a remarkable
continuing global agreement by all countries following its 17
Sustainable Development Goals and 169 targets for the future
health of the planet and all life on it (51, 52).

DISCUSSION

To further develop the One Health concept, we must consider
taking into account the accelerated advances in science and
the globalization of our economies. This has been important
because about 75% of emerging infectious diseases have been
shared between humans and domestic and/or wild animals.
Emerging zoonotic diseases that affect Latin American countries
today result from interactions between natural and human-
animal-plant systems. Infectious agents, such as Salmonella spp.,
Escherichia coli, tuberculosis, malaria, yellow fever, influenza
A(H1N1), West Nile Virus, Zika, Dengue, Chikungunya, and
SARS-CoV-2, have been examples in which animals, humans,
and the environment have been intrinsically related. In these
cases, animals were also victims of the emerging infectious
diseases transmitted by vectors being sentinels for human health
and a sign of an imbalance in the environment, especially
by habitat destruction due to deforestation or pollution. In
addition, emerging or neglected zoonotic diseases, such as
hantavirus pulmonary syndrome, leptospirosis, trypanosomiasis
(Chagas disease caused by Trypanosoma cruzi and other species),
brucellosis, hanseniasis, treponemas, and leishmaniasis arose
when human beings have invaded forest region, increasing the
contact between people wild animals who might act as pathogen
reservoirs. A better understanding of the type of contact between
human and animal populations (domestic or wild) has been
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FIGURE 4 | The objectives and goals of One Health Latin America, Iberia, and Caribbean Network.

fundamental for modeling how zoonotic infections will emerge
and spread. The emergence of several unidentified species
of new pathogens in Latin America and co-infection with
Bartonella, Ehrlichia, and Rickettsia as possible etiologic agents
of anthropozoonoses and zooanthroponoses, and related diseases
in pets, livestock, and wildlife have intensified the interest in
neglected and emerging pathogens.

Zika, dengue, hanseniasis, leptospirosis, leishmaniasis, yellow
fever, parasitic and other neglected diseases in Brazil, and the
complex nature of emerging zoonotic diseases demonstrated
the need to strengthen even more interdisciplinary training
and partnerships elucidating the concept of One Health in
Latin America and support the work with indigenous tribes
and underprivileged communities. As a result of collaborative
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efforts supported by Latin America’s One Health, networks
have developed and organized national teams for disasters
preparedness through One Health. On February 11, 2021, Latin
American representatives from the WHO contacted the One
Health Brasil network executive members to collaborate in the
submission of a proposal for the importance of One Health in
Pandemics, Food Safety, Food Security, and Bioterrorism.

The emergence and spread of diseases with sustained
transmission from person to person have long hit humanity,
representing challenges for science and public health, worldwide.
Changing natural environments can modify the balance
between species, increase contact between them and establish
human-animal bridges. Other activities, such as wildlife
trafficking, incorrect use of soil or water, urbanization without
sustainability, habitat destruction, lack of basic sanitation,
fires and deforestation, and the absence and/or breaking of
health protocols can also contribute to the emergence of new
diseases. Although governments have been responsible for public
health policies, the multifactorial character in the emergence of
pandemics means that the responsibility for controlling those
that have been occurring, and for preventing new ones from
arising, be that of all professionals, or future professionals,
and of citizens living in a community. It has been the role of
collaborative efforts to promote discussions and generate and
disseminate knowledge, fulfilling their role in the training of
professional citizens, since only knowledge can lead to changes
in habits and behaviors of individuals and society.

One of the challenges, foremost, in the academic scientific
world is to understand the importance to work together equally
with the native and minority populations of Latin America
by listening to what these ancient cultures have to teach the
scientists and not vice versa. Politics, years of lack of trust
built among conflicting cultures, excessive bureaucracy and
biased government policies from these countries interfere with
collaborations and research partnerships to be developed. The
One Health approach creates a unique effort to promote Unity in
Diversity, cultural coexistence, human-animal-plant-ecosystem
harmony, and spiritual universal values. Their Unity in Diversity
concept that we share the same sky, walk the same Earth,
breathe the same air, and that we are a single family might bring
resolution for successful partnerships in a more holistic health
vision. This unity is the essence of life from ancient civilizations
and indigenous peoples which must be learned, as animals
and the natural environment have deeply influenced indigenous
life, culture, and history, in an adaptive and interdependent
relationship throughout Latin America.

The recent experience of Latin America with COVID-19
has demonstrated the importance of a more interconnected
world through cooperative and less competitive collaborations.
One Health may be the way for preventing future pandemics
and health disparities instead, focusing on health equity,
environmental and economic sustainability. Not surprisingly,
through One Health initiatives, veterinarians with all professions
have been associated at the front response of COVID-
19 pandemics. One Health may represent the main future
strategy and basis for preventive actions requesting veterinarian
leadership, as potential unknown animal pathogens may still

become emergent in human beings (53, 54). Latin America has
been an example of “hands-on” One Health actions for a more
inclusive and healthier Planet from the approach to the concept
with more equal representation.

There were some limitations to this review. Primarily, the
review has relied mostly on personal knowledge of authors
and search of main selected events instead of a formal “One
Health” systematic review, a relatively new concept word in Latin
America which would fail to provide a comprehensive search of
both indexed and non-indexed studies, experiences, and events.
Although the authors have focused the review on only three
Latin American countries, such an international approach has
not been published to date, and it may stimulate and inspire
future interactions and publications by One Health researchers
in neighboring countries worldwide. Thus, the review herein has
aimed to establish a starting point by rescuing the history and
current efforts on One Health initiatives in only three out of
the 33 countries currently established in Latin America and the
Caribbean to date.

Importance of One Health
Although the past topic has offered a detailed discussion about
One Health experiences and conferences held at different times,
the importance of One Health should be described separately.
The strengthening of national and international collaborative
partnerships in elucidating the concept of One Health by sharing
experiences in conferences and during on-field practical actions
has led to a better implementation of the One Health approach
and measures to mitigate, control and prevent emerging
and infectious diseases, such as Zika, dengue, hanseniasis,
leptospirosis, yellow fever, antibiotic-resistant bacteria and
parasitism, and the complex nature of diseases in indigenous and
underprivileged communities inmany Latin American countries.

The One Health approach supports global health security
by improving coordination, collaboration, and communication
at the human-animal-plant-environment interface to address
shared health threats, such as zoonotic diseases, antimicrobial
resistance, food safety and security among others. Examples
of potential benefits and outcomes of One Health actions
are to monitor and develop standards at the local, national
and global health equity, ensure adequate capacity in health
including strategies to prevent, detect and respond to outbreaks
of diseases, develop emergency preparedness responses, support
interdisciplinary collaborative partnerships, and control of highly
infected pathogens and reemerging diseases, and conduct
scientific research.

One Health is an inclusive collaborative, multisectoral,
and transdisciplinary approach, working at the local, regional,
national, and global levels, with the goal of achieving optimal
health outcomes recognizing the interconnection between
people, animals, plants, and their shared environment.
Furthermore, the Importance of a One Health approach
has increased in advancing global health security and the
Sustainable Development Goals.

Finally, improvement of international, national, regional and
local levels of One Health networking and collaborative research
studies, associated with professional training, conferences, and
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continuing education, has led to a better understanding of
the human-animal interactions (domestic or wild) and spatial
modeling on emerging, reemerging, and spreading of zoonotic
infections. The advance of One Health in concepts and
approaches in such a holistic way has provided key tolls
for prevention and preparedness, as already presented at the
discussion for tuberculosis, malaria, yellow fever, influenza
A(H1N1), West Nile Virus, Zika, Dengue, Chikungunya, and
recently for SARS-CoV-2.

CONCLUSION

Independent of the approach used to describe the link and
vision of Health of the Environment (EcoHealth), Economics
Health, Health of the Planet (Planetary Health), and Population
Health to One Health, all these concepts share the same goals
as understanding their use as practical holistic tools for better
and more effective solutions to address threats to the health,
wellbeing and sustainability of humans, animals, plants and the
environment. Above all, One Health can be used as a preventive
measure for upcoming threats not only for Latin America but for
the shared planet Earth as a whole.

Based on local “grassroots” demands, action movements and
population needs, the experiences of One Health history and
development in Latin America and Caribbean countries are
different from other continents, from within the same continent
like North America, and even among the three Latin American
countries discussed herein. This review hopes to inspire other
countries, regions, and continents to also share their own One
Health experiences.

While the One Health approach worldwide is considered
crucial to address governance challenges of complex issues and
is widely supported in theory, its implementation in practice
remains limited, especially due to lack of financial support
and the secular anthropogenic and self-centered mentality.
Altogether, the world must continue working to further establish
a standard system of equal assessment of health, construction of
sustainable mechanisms for collaboration and communication
between responsible agencies and ministries for human, plant,
and animal health. Furthermore, align national, regional,

and international strategies with collaboration, cooperation,

and intersectoral partnership implementing the concept of
environmental conservation in daily practice. Not only to learn
and change the paradigms of health and diseases, of economic-
political-cultural crises for the conservation of the Planet’s
Biodiversity with inclusion, equity, and sustainability with a
holistic view, but also change our Ego into the Eco framework.
Finally, there is a critical need to respect, rescue, and learn
from diverse communities and indigenous peoples who have the
ancestral knowledge for a balanced life on our planet. Thus,
future One Health experiences in Latin America should always
associate cross-disciplinarity action and concept, surpassing
political, social, cultural, and linguistic differences.
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Concepts that integrate human, animal, and ecosystem health - such as One

Health (OH) - have been highlighted in recent years and mobilized in transdisciplinary

approaches. However, there is a lack of input from the social sciences in OH discussions.

This is a gap to overcome, including in Latin America. Therefore, this paper incorporates

recent studies from economics and anthropology to the debate, contributing to the

opening of transdisciplinary dialogues for the elaboration of OH theory and practice. As a

starting point, we explore the recent case of a tailings dam breach, making considerations

about how and why this event was experienced in different ways by the affected

Indigenous and non-Indigenous worlds. From economics, we show how different

theories perceive and impact these different worlds, presenting some existing alternatives

to the hegemonic thinking of domination and exploitation. From anthropology, we present

the perspectivism concept, deriving from the field of relational ontologies, suggesting

there are significant and inevitable disagreements-equivocations-among different worlds.

Thus, we discuss how the social sciences can help address challenging factors that

need to be considered in health approaches that intend to deal with complex global

problems. In conclusion, OH should incorporate social science discussions, considering

relating practice to themultiple realities in which a particular problem or conflict is inserted.

Overcoming the barriers that hinder transdisciplinary dialogue is fundamental and urgent

for an effective approach to the multiple and distinct interconnections among humans,

animals and environments.

Keywords: alternative economy, equivocations, extractivism, Indigenous worlds, one health, perspectivism,

pluriverse, transdisciplinarity

INTRODUCTION

In recent years, some holistic health perspectives such as One Health, EcoHealth, and
Planetary Health have grown in importance, and their concepts have undergone a process
of constant refinement. Some differences between these terms have been studied and
described, such as their origin and central focus, the sciences contributing to each of them,
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and how they value humans, animals and ecosystems (1).
However, despite their differences, a common aspiration
is toward integrative, collaborative, transdisciplinary, and
multisectoral approaches that acknowledge the health of people,
animals and the environment as “one” (2–7).

In common, such concepts also express a disagreement
with the traditional Western thinking that radically separates
and opposes nature and humanity. Thus, pairs of opposites
like nature/humanity - among others derived from it, such as
physical/metaphysical, objective/subjective, humanity/animality
- has underpinned the way Western thinking understands
nature (including animals) and relates to it, also reflecting
how health and disease are differentiated. Therefore, the
modern world winds up limiting entire ecosystems to an
object, a resource to be controlled and managed to satisfy
human needs.

This way of thinking led to what is conventionally called
the Anthropocene (See Panel 1 for the glossary of terms
used in this paper) (8). One of the factors that characterizes
this new geological era is the expansion of mineral, oil and
biotechnological extraction. These large-scale extractive activities
have harmful impacts that are not homogeneously produced or
distributed among the different strata of society. Besides, such
impacts affect the health of people, animals and ecosystems
(9, 10). Therefore, the effects of the Anthropocene on the
planet are an issue to be considered by integrative health
discussions (5).

Considering the holistic health perspectives, health and
disease are no longer understood solely as qualities or conditions
of an isolated individual - whether human or not - but rather, of
a multispecies collective living in the Anthropocene epoch. From
this assertion, it is clear that the social sciences can contribute to
such health debates, since they focus on the interplay of humans,
society, and nature.

Focusing on the One Health concept (Panel 1), early
aspirations about the potential to address both social and
ecological concerns have made landmarks and driven following
studies since (2, 11). The significant role but also the
underrepresentation of the social sciences have been described in
recent years (12–14). Despite some initiatives, such as the efforts
of the One Health Commission (15), this lack is still significant.
Particularly in Brazil, the scientific publications using the term
One Health have been mostly limited to the sphere of veterinary
science and public health. This fact, which we consider to be a
problem, is certainly multi-causal, but is also due to the strength
of the disciplinary divisions that configure the scientific practices
in the country.

With the paucity of social science perspectives within
the One Health space, this current article therefore aims to
contribute to the opening of transdisciplinary dialogues (Panel
1) in the elaboration of One Health theory and practice in
Brazil - and in other Latin American countries that could
benefit from this integration. Utilizing a particular event
as an example and starting point, we present challenging
factors (Panel 1) from studies and recent discussions in
economics and anthropology that exemplify the need for
transdisciplinary discourse.

STARTING POINT: TAILINGS DAM
RUPTURE IN BRUMADINHO, MINAS
GERAIS STATE, BRAZIL

In January 2019, a tailings dam operated by Vale S.A., the world’s
largest iron ore producer (16), collapsed in the municipality
of Brumadinho. Nearly 13 million m3 of iron ore tailings (17)
reached the tributaries of the Paraopeba River, part of the São
Francisco Basin: one of the main watersheds in the country.
The toxic mud traveled along the river, causing irreversible
ecosystem damages, and affecting several other municipalities,
including Indigenous territories such as the Pataxó Hã-hã-hãe
and Kaxixó (18) (Figure 1). A total of 259 people died and 11
are still missing and assumed dead (19). The impacts of the
tragedy are certainly far-reaching and long-lasting, and the socio-
environmental damages are systemic, synergistic, and dynamic,
involving the health, environment, economics and rights of
people, animals and affected areas (20, 21).

This tragedy occurred just 3 years after a similar one in the
same region, in the municipality of Mariana, when another dam-
co-owned by Vale-released 45 million m3 of iron ore tailings,
reaching the tributaries of the Doce River and then the Atlantic
Ocean. Since then, the company was aware of the risk of failure of
the dam in Brumadinho, which means that the disaster was not
natural and could have been avoided (17).

From this context and its consequences, we bring for reflection
two very different statements about what happened. The first
came from Vale’s CEO: “Vale is a Brazilian jewel that cannot be
condemned for an accident that happened in one of its dams, no
matter how great its tragedymay have been” (22). The second one
came from the Chief of the Naô Xohã village, where 25 Pataxó
Huh-hã-hãe families lived: “It was a funeral without a wake. A
piece of our body was cut off” (23).

These statements exemplify how and why events like this
can be experienced and understood in different ways by
the Indigenous and non-Indigenous worlds. For the mining
company and the Brazilian government, the damage to the
Paraopeba River represents an externality (Panel 1) that cannot
compromise development. For the Pataxó Hã-hã-hãe Indigenous
people, the river is not only what Western thinking understands
as nature, but also a part of themselves - the watercourse is also
a life course. Based on this context as a starting point, this paper
relies on theories and discussions of economics and anthropology
to suggest there are significant disagreements among multiple
worlds (Panel 1).

ECONOMICS: HOW DIFFERENT THEORIES
PERCEIVE AND IMPACT MULTIPLE
WORLDS

In the statement by Vale’s CEO, expressions such as “accident”
and “cannot be punished,” refer to the hegemonic economic
thinking that treats environmental impacts as negative
externalities. In this respect, externality refers to “side effects”
arising from productive or consumption actions (24), that is,
factors external to the system (25). In this case, the private
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FIGURE 1 | Location of Brumadinho dam rupture, showing the extension of the impact on rivers, municipalities, and Indigenous territories.

benefits of the company’s activities, measured in monetary terms,
were prioritized to the detriment of the socio-environmental
costs of the dam rupture, which cannot be precisely quantified.

In this productive system, the notion that “a river is a
water pipe and animals are protein factories” (26) has become
institutionalized. Since private property is a key element, the
common goods - those shared by everyone and that do not belong
to an individual or group, such as what is called natural resources-
can be ’managed’ and tend to be overused, generating a negative
externality to the environment or society.

For Vale, as well as for the entire economy derived from
classical and neoclassical theories, the workable solutions offered
to minimize such effects are limited to the creation of taxes and
subsidies or some kind of “externality market.” Then, in theory
individuals can negotiate the costs derived from their activities
(25, 27). Therefore, it is common for the mining, agriculture
and tourism sectors to measure their impacts in monetary terms.
However, it is impossible to attribute value to the lost lives, or to
the socio-environmental impact caused - including the death of
an entire river.

In this sense, two phenomena create and intensify the
disastrous ecological scenario. The first is the dual and
hierarchical perception of the world (such as human and

nature). This is a way of justifying and legitimizing relations
of domination, whether among humans or between humans
and other-than-humans. The second is the fictions derived
from traditional economics and imposed as absolute truths.
These fictions are responsible for legitimizing and establishing
economic fundamentalism as hegemonic, such as the idea that
production is unrelated to life (26).

Alternative economic theories have emerged in opposition
to the traditional ones and can enrich the dialogues with One
Health since they question the idea that nature is just an object
or resource. The political ecology focuses on socio-environmental
conflicts, proposing the integration of indicators to broaden
the view of the consequences of economic development in
different populations and territories (28). The ecological economy
contests the meaning of development and its implications, going
beyond the concept of sustainable development and proposing an
alternative to it. In addition, it presents multicriterial strategies
allied with environmental policies to deal with such effects,
such as the so-called externalities (29). The theories of degrowth
presuppose a break with the production and consumption system
based on capitalist domination and exploitation, through self-
limitation and moderation (30), and abandonment of unlimited
economic growth (31).
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In this direction, we cannot fail to mention the idea of buen
vivir - good living - born in Latin America and influenced
mainly by Andean and Amazonian Indigenous roots. Buen vivir
is a plural concept conceived by the confluence of theoretical
debates, Indigenous practices, social movements, and political
constructions (32). Also, buen vivir questions the concept of well-
being based on Eurocentric assumptions, defends overcoming
the idea of development as a synonym for material accumulation,
and offers alternatives to it (33, 34). The principles of buen vivir
were formalized in the new Constitutions of Ecuador and Bolivia,
as a fundamental base of the State.

Therefore, the alternative to the current scenario would
be to overcome dualisms, admitting eco-dependence and
interdependence, as well as placing life at the center of economics
and politics (26), in order to build a possible non-domination
system. In this sense, we introduce and explore a field of
anthropology called relational ontologies (Panel 1), which shows
that the dualistic ontology (that radically separates nature
from humanity), despite its universal claim, is not the only
one (35).

ANTHROPOLOGY: WHEN ASSUMPTIONS
ARE NOT COMMON - OR THE SAME -
AMONG WORLDS

The studies of relational ontologies concern the
interrelationships of a broad community - considering
community as a concept that “initially human-centered, is
expanded to include other-than-humans” (35). Situating the
practices ofmodernity in space and time, the relational ontologies
demonstrate that not all worlds are made from the same
divisions, such as human/other-than-human or culture/nature.

One example of relational ontology studies is perspectivism,
formulated by Viveiros de Castro in 1996 (36). It has become one
of the most cited concepts in Brazilian anthropology, and also is
the most notable theoretical contribution to global anthropology
(37). The term “perspectivism” comes from philosophy and was
borrowed to highlight a striking aspect of Amerindian worlds:
the way human beings see animals and other subjectivities is
profoundly different from the way these beings see humans
and themselves.

The notion of other-than-human beings having their own
perspective comes from a great mythical division (36, 38, 39)
that is “shared by several, if not all, Indigenous people of the
New World,” as is stated by Viveiros de Castro (40). According
to de Castro (41), unlike the Western evolutionary vulgate -
which uses soul and, more recently, consciousness or culture as
criteria to distinguish humanity from animality - the Amerindian
perspectivism states that the original condition of other-than-
human beings is humanity, not animality. Their bodies, as we
see them, are clothes that hide their internal human form, which
is only visible to those of the same species or trans-specific
beings, such as shamans. Thus, back in their homes - as the
humans they are - they hunt, fish, fight, and perform rituals.
If we start to see from their perspective, it means that our

soul has been stolen or that we are being taken to a different
world (41).1

The perspectivism discussion confronts the modernistic idea
that there is only one shared world - one external and objective
reality - and multiple representations of it, i.e., worldviews or
cultures. The modern way of thinking enables cultures to be
hierarchized according to how distant their representations are
from that one reality. Such hierarchy allows a specific culture to
have the privilege andmonopoly of defining terms such as nature,
culture, humanity, animality, health and disease (42). Instead,
the perspectivism points to a pluriverse - multiple worlds that
share the same culture, and even use the same terms, but differ
according to the perspective of the referent, whether human or
other-than-human. Thus, there is no privileged perspective to
define reality.

Since these multiple worlds are not based on the
same assumptions and divisions, there may be significant
disagreements between them. In that respect, a category of
perspectivism arises called equivocations (Panel 1), which
emerges when different worlds use the same term to refer
to different things. Because these equivocations are a result
of a communicative relationship between different worlds,
they express an ontological relationship and not an epistemic
misconception (43).

We believe the Brumadinho catastrophe can illustrate an
equivocation. As previously exemplified, for the Indigenous
world, the Paraopeba River was a life course. This uncommon2

status of the river is unacceptable for the modern world. For
Vale and the Brazilian State, a river is not - and cannot be -
different from a hydrographic formation, a formless universally
shared common good that can be managed and exploited as an
externality (44).

Since equivocations emanate from different worlds, they
cannot be avoided. However, they can be controlled3 by a
communicative exercise that considers the referential otherness
of the different perspectives, maintaining and communicating
their ontological differences (45, 46). This exercise invites us
to think of a common alternative, namely “the expression of
an ecology of divergent practices, constantly negotiating what
would be their common interest” (44). Therefore, we suggest that
identifying equivocations and being open to this communicative
exercise can be a key element in any integrative health approach.

1In a classic illustration in this regard, Viveiros de Castro stated that jaguars, seeing

themselves as humans, see humans as tapirs or wild pigs, so for them, our blood

can be beer. If humans start to see the blood of his relatives as beer, taking the

perspective of jaguars, this means that we are being taken to a different world to

turn into a jaguar.
2The term “uncommon” - as used here - comes from the discussions of the

anthropologist Marisol de la Cadena (44). In this context, the expression refers

to a status of what is not universally shared, that is, of what is not the same among

worlds.
3According to the anthropologist Eduardo Viveiros de Castro, in the perspectivism

theory, to control an equivocation means to listen and speak knowing that

the referents are different. That is, the difference between terms must be

communicated and controlled in the dialogue. In symmetric humanity, to control

equivocations is a way to preserve life (45).
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DISCUSSION

One Health professionals and researchers often address complex
health phenomena and recognize the importance and need
of integrating different fields of knowledge. The collaboration
among disciplines can be imagined and carried out in diverse
ways and with different objectives, as shown by the concepts of
multi-, inter-, meta-, pluri- and transdisciplinarity (47–49). The
last (and most complex) seeks knowledge between, through, and
beyond disciplines, without a hierarchical relationship among
them (50).

In Brazil, transdisciplinarity in health has advanced since
the 1970’s, with two historical movements that emerged in
the context of fighting for democracy and against the military
dictatorship that lasted from 1964 to 1985. The first was the
Brazilian Health Reform, resulting in the creation of the Unified
Health System [SUS (Portuguese acronym)] (51). The second
was the political-ideological-intellectual movement of Collective
Health, resulting in a whole new field of health studies and
practices (52). In the 1990’s and 2000’s, transdisciplinarity became
more widespread after the SUS implemented its Family Health
Strategy, with multi-professional teams working to promote
health beyond the hospital environment (53).

However, in Brazil there are still many barriers that
hinder knowledge sharing and unification, such as historical
institutional structures, values and habits (54, 55). These
obstacles, imposed by modernity, can manifest themselves
as “social, pedagogical, ideological, political, psychological,
methodological and technical” (54). Therefore, overcoming
these barriers is a challenge additionally for professionals and
researchers who seek to act within the realm of One Health.

Our starting point - the analysis of the dam rupture - provided
elements that relate to some recent discussions in economics and
anthropology. Such discussions are an example of the undeniable
contribution of the social sciences to One Health issues, since
they highlighted the existence of challenging factors - such as
huge environmental impacts considered asmere externalities and
the existence of equivocations between different worlds. These
challenging factors need to be seriously considered by health
approaches that intend to be integrative, since they increase the
awareness of the complexity of health topics.

It is important to point out that the Brumadinho disaster is
not an isolated event in Latin America. Other examples, just
to cite a few, are the continuous oil spills in Ecuador (56–
58), environmental impacts of transgenics in Argentina (59),
and disasters caused by mining in Chile (60). Such events and
how they are usually managed show that the assumption that
there is a passive, sacrificial and appropriate nature promotes
huge pressure and impact on people, animals and ecosystems
- especially on those in situations of vulnerability and living in
countries with high social inequality (61).

Besides, the assumption that nature is an object to
be sacrificed for human interests and needs reinforce and
reiterate asymmetries, producing regimes of truth (Panel 1) and
invalidations, that is, relegates other perspectives to a status of
mere beliefs or metaphors (42). However, such assumption is
neither natural nor cosmopolitan: it comes across the borders
of other worlds, such as the Indigenous ones, which refuse to

obey the mandate of the nature/humanity division and resist the
imposed extractive projects (44). The point is: the communicative
exercise between worlds is important to make sure that no
regime of truth is reproduced and no world is neglected in the
process of decision making on health problems that concern
multiple worlds.

Since One Health is proposed to be transdisciplinary and
approach increasingly complex global health challenges, its
practice and scientific production should not reproduce regimes
of truth and invalidations. On the contrary, One Health should
be open to the idea that the multiplicity of interactions among
humans, animals and ecosystems can be formed by different
assumptions, linked not to cultural differences, but ontological
ones. Therefore, One Health professionals and researchers
should be aware of - and closer to - discussions of alternative
economic theories along with the perspectivism and the debate
of multiple worlds - especially those that conduct research in
Latin America, due to the ongoing impact of the extractivism
previously discussed. Thus, people involved in One Health
can facilitate and participate in transdisciplinary dialogues,
overcoming the disciplinary barriers that divide the scientific
practices in their countries.

CONCLUSION

Considering the challenging factors exemplified by the
Brumadinho dam failure under the economics and anthropology
lenses, we suggest that to achieve their goals, researchers and
practitioners using One Health approaches should incorporate
discussions of alternative economic theories and the multiple
worlds perspective. This would help to reduce the limited
dualistic and anthropocentric views and regimes of truth.
Moreover, we argue that One Health should always be related
to the context of the realities - plural - in which a particular
problem, conflict or challenge is inserted. This implies that One
Health should be plural or have several versions.

Based on the discussion of extractivism, transdisciplinarity
and contributions of the social sciences, we suggest that in
Brazil - and other Latin American countries with a similar
context - it is fundamental and urgent to overcome disciplinary
barriers in One Health. That is, it is essential to include
the social sciences and their professionals in One Health
debates, for an effectively transdisciplinary dialogue about the
multiple and distinct interconnections among humans, animals
and ecosystems.
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PANEL 1. GLOSSARY

Anthropocene: It is an expression that designates a new era,
subsequent to the Holocene, in which humanity has become
a global geological force capable of changing the existence of
systems and life forms on Earth (8).

Challenging factors: Important elements evidenced by the
social sciences that, in a transdisciplinary context, increase the
awareness of complexity of health topics. Such elements challenge
the way health has been traditionally understood and practiced
in the modern world. Challenging factors can be, for example:
ontological differences; gender, racial or ethnic inequalities;
religious or regional aspects (our definition).

Equivocation: Concept introduced by the anthropologist
Eduardo Viveiros de Castro - in the Perspectivism theory -
that seeks to explain the mode of communication between
Amerindian inhabitants (human and non-human) in the
Brazilian Amazon. The term refers to the “referential alterity
between homonymic concepts”, or the “mode of communication
par excellence between different perspectival positions” (43, 45).
See more in section Anthropology: When Assumptions are not
Common - or the Same - Among Worlds of this current article.

Externality: Benefits or costs arising from the production or
consumption process that are not considered in the economic
model (24).

Multiple worlds (pluriverse): Discussion that confronts the
idea of modernity that there is only one world, proposing “a
world of many worlds” or a world in whichmany different worlds
can fit, such as the Indigenous and non-Indigenous worlds (62).
See more in section Anthropology: When Assumptions are not
Common - or the Same - Among Worlds of this current article.

One Health: A concept that acknowledge that the health
of humans, animals, plants and ecosystems are deeply
connected and therefore must be thought and worked
together. For this, it is suggested the use of transdisciplinary
and multisectoral health strategies and approaches
(our definition).

Ontology: We use “ontology” as defined by Mario Blaser
(2010) in three distinct – but not excluding – layers of meaning:
1. From sociology - “kinds of being and their relations”;
2. From science and technology - “ontologies are shaped
through the practices and interactions of both human and non-
humans;” and 3. From his ethnographic work - “ontologies
manifest as “stories” in which the assumptions of what kinds
of things and relations make up a given world are readily
graspable” (42).

Regimes of Truth: Concept introduced by Michel Foucault
in 1975 defined as the “types of discourse it [society] harbours
and causes to function as true; the mechanisms and instances
which enable one to distinguish true from false statements,
the way in which each is sanctioned; the techniques and
procedures which are valorised for obtaining truth; the status
of those who are charged with saying what counts as
true” (63).

Transdisciplinarity: as the prefix “trans” indicates, it
concerns what is - at the same time - between disciplines,
trough the different disciplines and beyond any discipline. The
aim of transdisciplinarity is the understanding of the present
world(s), for which one of the imperatives is the unity of
knowledge (50).
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The aim of the present study is to apply the canine olfactory sensitivity to detect

COVID-19-positive axillary sweat samples as a One Health approach in Latin America.

One hundred volunteers with COVID-like symptoms were invited to participate, and both

axillary sweat samples for dog detection and nasopharynx/oropharynx swabs for qPCR

were collected. Two dogs, previously trained, detected 97.4% of the samples positive

for COVID-19, including a false-negative qPCR-test, and the positive predictive value

was 100% and the negative predictive value was 98.2%. Therefore, we can conclude

that canine olfactory sensitivity can detect a person infected with COVID-19 through

axillary sweat successfully and could be used as an alternative to screen them without

invasive testing.

Keywords: dog, COVID-19, odor, axillar, diagnosis, Latin America, one health

INTRODUCTION

Recent events during the SARS-CoV2 Pandemic development, initiated in the Wuhan Province in
China in November 2019 (1), have brought enormous challenges to a population adapted to the
globalized aspects of daily life, contributing largely to the continuity of the disease development,
and augmenting the Public Health impact (2, 3). Letting go of these connections has been difficult.
On the other hand, the reach of current technologies combined with mutual scientific collaboration
worldwide has brought faster and more efficient responses to health problems when associated
with a stronger and broader view of One Health, especially considering the involvement of
animals at different levels of the epidemiologic chain of the disease (4). Among the problems
envisioned, we observed the need to lower the costs of diagnostic tests, since the actual diagnostic
performance depends on testing during different stages of the disease directly, depending on viral
load, or indirectly at later stages, depending on antibody production. The reduction of testing also
minimizes environmental impacts due to the large use of disposable materials, mainly plastic.
Moreover, these tests bring a large margin of error due to the false-negative results given the
failure to detect viral load or antibody production and thereby, adding the burden of asymptomatic
patients being left untested (5), propagating the infection freely and risking further human, animal,
and environmental dissemination. Another major obstacle is the cost of testing a large number of
people (6) especially for those in developing countries. Above all remains the logistics of reopening
and returning from quarantines that will resume physical contact, and the invasiveness of current
tests that depend on tracheal or blood collections.
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FIGURE 1 | Schematic representation depicting sample collection.

Using canine smell to locate buried people, drugs, and
ammunition in different environments is a well-known,
recognized, and applied activity (7, 8). The reason for this is
confidence in the canine response to the most diverse volatile
compounds emitted. Evaluating the problem in a broader One
Health approach like using dogs to detect chronic degenerative
and proliferative diseases by identifying Volatile Organic
Compounds (VOCs) produced in the metabolism in the body of
a patient during the disease has been a practice used for many
diseases, such as several types of cancer, Parkinson’s disease, and
viral diseases, including coronavirus disease-2019 (COVID-19)
(9–16). The olfactory detection capacity of the dog allies the
large nasal cavity with an expressive olfactory epithelium surface
area containing 30% more olfactory receptors than those in
humans (17). Additionally, during the active sniffing process,
characterized by short and sharp inhalations, the air inhaled
into the nostrils is directed to the dorsal nasal cavity, flowing
back to the ethmoturbinates. This process allows a longer
exposure time of VOCs to the olfactory chemoreceptors, with a
continuous stimulation of the olfactory centers throughout the
respiratory cycle (18). Taken together, the advantages to humans,
the environment, and animals in this context, the present project
has as its main objective the application of a new approach
for early detection of COVID-19 in humans through canine
olfactory sensitivity to counteract the many challenges imposed
by this disease.

MATERIALS AND METHODS

One hundred volunteers were selected to participate in the
research. During a visit to patients with flu syndrome symptoms

by the team of health agents from the Municipality of Paudalho,
the northern region of Recife, Brazil, they were invited to
participate in the research and signed the Free and Informed
Consent Form. They were instructed to remain without bathing
or using perfumes for the next 24 h, and sample collection was
carried out the next day. Two types of samples were collected,
one for the olfactory test of the dogs and another for confirming
the patient diagnosis which was also used as a counterproof of
the result achieved by the dogs. A questionnaire of clinical and
epidemiological interest was also applied. The sample collection
for dog training was performed by asking the volunteer to place a
cotton ball under each armpit for 20min (Figure 1). The cotton
pads were collected and placed separately in hermetically sealed
glass jars and labeled to precisely identify the origin of the sample.
Sample collections for viral detection by RT-PCRwere performed
using a combination of two rayon swabs from the nasopharynx
and oropharynx, stored in a 0.85% saline buffer per volunteer.
The samples were collected by professionally trained health
professionals at the Paudalho Municipal Laboratory following
all Biosafety rules. After collection, the material was packed and
stored in a cooled thermal box to avoid contamination of the
samples during transportation. They were delivered for analysis
within 2 h of collection.

The cotton balls samples were stored separately, one was used
for the detection of odors by dogs, and the other was stored for
further analysis. The samples were used 1 week after collection, to
allow greater safety regarding infection of the trainer and the dogs
to be trained. Dog training was performed at K9 International
company which was largely experienced in dog training. Two
healthy dogs, a male, and a female were used in this initial
phase of the study. The dogs have been trained beforehand using
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FIGURE 2 | The experiment of olfactory detection by dogs. (A) Testing line of

samples. (B) Male dog, Sinatra, indicating the positive sample by sitting in

front of the sample.

operant conditioning (reward-based training) on an 8-station
scent line. The tests were double-blind and performed in an
isolated room without external stimuli. During the tests, only
the dog and trainer were present in the room. Two metallic bars
with four holders each were used to hold the samples, keeping a
50 cm space between each holder (Figure 2A). The sample was
placed in the container by the experimenter, where one known
PCR-positive sample was placed in a random holder and the
other seven holders were kept with clean cotton balls as negative
samples. After training was established, PCR-negative samples
were used instead of clean cotton balls as negative samples
to avoid confusing the dogs with smells of PCR false-negative
samples. Sequentially, the trainer stimulated the dog to sniff
every pot in the row, and when the dog sat in front of a sample
(Figure 2B), the experimenter, a person from outside the room
and following the test, indicated whether the dog was correct, and
the trainer would praise and award the dog. Neither the trainer
or the dogs knew which were the positive samples nor where they
were being placed, therefore assuring the double-blind test. The
sessions were video recorded. Five positive samples were used (1
in each daily test session) and each dog made about five daily
attempts (walking along the line of supports and smelling the
samples). The positive samples were placed at different spots in
the line and the trials were independent of each other to assure
randomized locations. The sensitivity for dogs to detect COVID-
19 was calculated as the proportion of the number of correct
indications of positive samples by the dogs, considering their
joint and individual performance.

RESULTS

The results obtained showed that among the population sample
(n = 100), 63% of volunteers were female and 37% male. In the
analysis of the samples using the RT-PCR technique, 44% of the
individuals tested positive for COVID-19. The mean age was 36.0
± 2.1 among the positives, while for the negative ones, values
of 40.2 ± 2.3 were obtained. Regarding the average body mass,
73.8± 2.4 kg was observed among the positives and 74.6± 1.8 kg
among the negatives for COVID-19.

Concerning pre-existing diseases or comorbidities, only 30%
of individuals who tested positive for COVID-19 reported any
changes. However, among these, hypertension was reported in
approximately 85% of cases in isolation (61.5%), associated with
asthma (7.7%), or diabetes (15.4%). When asked about the main
associated symptoms, headaches, loss of smell, fever, dry cough,
and body aches were reported.

Considering individuals that tested positive for COVID-
19, 63 (6%) were women and 36 (4%) were men. When
comparing casuistry related to ethnicity, it was found that among
the positive cases, the proportion between whites, blacks, and
browns was 18.2, 38.6, and 43.2%, respectively. Regarding the
experiments carried out with dogs, they correctly indicated 97.4%
of the samples were positive for COVID-19. As for individual
performance, the male animal showed 100% sensitivity while
the female showed 95% sensitivity for the tests performed.
Interestingly, they also consistently indicated one of the PCR-
negative samples as positive, therefore, we decided to contact
the patient and performed a new serological test, that took
place 45 days after the first collection, where antibodies against
SARS-COV2 were observed, confirming a false-negative result in
the PCR, which was correctly identified by the dogs. Our tests
showed that the dogs could predict the subject truly having the
disease since the positive predictive value (PPV) was 100%, and
reversely, the negative predictive value (NPV) when considering
the probability of the subject not having the disease was 98.2%
in accuracy.

DISCUSSION

Considering that current testing methods to screen SARS-COV2
in the population are costly, invasive, and time-consuming, in
addition to the need to return to activities after quarantine and
due to the expected endemicity of the disease in the human
population, it has been crucial to find fast and safe screening
methods which preferably, would not require individual sample
collection and will allow the screening of a large number of
individuals. In the perspective of One Health, considering the
acquired knowledge among human, animal, and environmental
scientists brought together, using dogs to detect the odor of
COVID-19-positive patients has been shown to work favorably
in at least four countries, such as France, Lebanon, Colombia,
and Germany (14–16). One Health means that a balance is
required to maintain life on Earth. With that in mind, we
further explore the advantages of developing and applying
this approach to detect COVID-19 using dogs. It impacts
positively on the reduction of plastic and use of disposable
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materials, minimizes the environmental spread of the virus from
undetected patients, reduces the invasiveness of current tests, and
promotes early detection of infection. Moreover, since animals
are still understudies for correctly identifying their role in the
epidemiologic chain, dogs may become a sentinel and valid
option for surveillance in other animals. The present study
showed that trained dogs can detect COVID-19-positive patients
based on the odor they release. They were also able to detect a
PCR false-negative patient, as proved by serological testing of that
same patient 45 days later. Our study reached 97.4% of success
when considering both dogs. Similarly, other studies showed
between 81 and 100% correct answers (14–16).

Regarding the type of sample, two studies (15, 16) used saliva
or tracheobronchial secretions. Regardless, the dogs were still
able to detect the odor, reaching similar results, despite samples
being different from ours as we used a much safer sampler than
infected respiratory samples. Another study (14) used the same
type of sample presented in this study (axillary sweat), worked
with eight dogs, and notably obtained about 83–100% success,
with all of them significantly different from the percentage of
success expected by chance alone. Whether other illnesses were
associated with those patients was not the focus of this study, but
future studies may show whether there is a connection between
different diseases and detection.

Compared with other studies, the present study used less
invasive clinical samples and presented a lower risk of infection
for humans and contamination to the surrounding environment
than those using oral and respiratory secretion samples (15, 16).
Although the influence of the prevalence of diseases in the
success of the testing needs to be accessed on field trials, this
approach suggests that the dogs, given the opportunity, can
access and screen patients without the hassle of taking any sample
to a laboratory.

Considering the major disturbance caused by COVID-19 in
everyday life, especially the necessity of returning the mobility
of the population to a more regular level, the use of canine
olfactive detection to identify COVID-19-positive individuals, a
non-invasive technique using axillary sweat sample, has shown

to become a very promising avenue. In this study, we have
shown an above 97% success in identifying COVID-19-positive
samples, including a false-negative RT-PCR sample by dog
olfactive detection, with PPV of 100% and NPV above 98%.
Taken together, these results and the statistics associated with
them are extremely important to corroborate this successful One
Health approach in Latin America as a means to reduce human,
environmental, and animal risk of exposure to COVID-19.
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The “One Health” (OH) approach has been recognized by world health authorities

such as FAO/OIE/WHO, advocating for effective, multi-sectoral, and transdisciplinary

collaboration. However, there is a lack of published evidence of the awareness of

the OH concept in Colombia and other countries in the Latin American Region.

In order to explore existing collaboration amongst the animal health, human-public

health, environmental health sectors, and to describe the perception, knowledge,

and barriers on OH in Colombia and other countries of Latin America, an online

questionnaire-based survey was distributed among key professionals representing the

three OH pillars (August 2018–August 2020). Overall, 76 key respondents from 13

countries (Colombia, México, Chile, Brazil, Argentina, Bolivia, Costa Rica, Ecuador,

Perú, Guatemala, Nicaragua Uruguay, and Venezuela) completed the questionnaire.

Respondents worked in institutions of animal (59%), public (20%), human (7%), and

environmental health (7%); they mainly belonged to higher academic institutions (59%),

followed by ministries (11%), and research organizations (9%). Most participants (92%)

were familiar with the OH term and 68% were aware of the formal cooperation among

sectors in their countries, mostly on zoonoses; in 46% of the cases, such connections

were established in the last 5 years. The main reported limiting factors to intersectorality

were the lack of commitment of policy-makers, resources, and budget for OH (38%) and

the “siloed approach” of sectors and disciplines (34%). Respondents ranked a median

score of 3.0 (1–5 scoring) in how good OH activities are implemented in their countries,

and a median score of 2.0 in the citizen awareness on OH as regards their countries.

The most important OH issues were identified in vector-borne diseases, rabies, wrong

and/or improper use of antimicrobials, emerging viral diseases, food-borne diseases,

neglected parasitic diseases, deforestation, and ecosystem fragmentation. Although

there is a high-perceived importance on conjoint cooperation, OH implementation, and
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operationalization remain weak, and the environmental component is not well-integrated.

We consider that integration and implementation of the OH Approach can support

countries to improve their health policies and health governance as well as to advocate

the social, economic, and environmental sustainability of the Region.

Keywords: intersectoral collaboration, Latin America countries, one health, questionnaire survey, perception,

barriers, Colombia

INTRODUCTION

During the last 15 years, there has been an increased focus on
the human-animal-ecosystem interface. Pathogens continue to
evolve and adapt to new hosts and environments, threatening
human and animal health systems. Highly pathogenic avian
influenza and some other infectious diseases, COVID-19 as latest
example, have created an opportunity toward a One Health
(OH) approach that incorporates a collaborative, cross-sectoral,
multidisciplinary mode of addressing these threats, and reducing
health risks (1). Consequently, OH underwent a revival from the
academy, the government, and international organizations (2).

One Health has been defined by the WHO as “an approach
to designing and implementing programs, policies, legislation,
and research in which multiple sectors communicate and
work together to achieve better public health outcomes” (3).
This definition confirms the importance of the animal-human-
environment interface and how vital it is to ensure the adoption
of a OH approach in public health legislation in all countries. The
roots of this paradigm lie in the fertile grounds of comparative
pathology, driven by the remarkable efforts, perspectives, and
writings of William Osler, Calvin Schwabe, Rudolf Virchow,
and many others (4). The OH approach, therefore, involves
combined assessment of health risks across the three domains
of humans, animals, and the environment, and it involves
design and implementation of intervention and prevention
strategies that address all three sectors with the goal of producing
integrated knowledge (5). The OH collaboration has the
potential to benefit many sectors, having among its advantages:
more efficient and effective surveillance programs, better
development of laboratory capacity, improved targeting efficient
outbreak prediction, implementation of common disease control
strategies, identifying integrated research activities across sectors
(human, animal, environmental) (6).

Despite an intuitive appreciation that complex health
problems need to be tackled through an integration of the
interdisciplinary and transdisciplinary approaches that define
OH, there is still need to generate quantitative and qualitative
evidence to clearly demonstrate these benefits and its added
value (7, 8). Collaborative approaches in health are promising;
nevertheless, several authors point at persistent challenges for
designing and implementing OH initiatives. The degree and
quality of collaboration amongst various health disciplines and
institutions varies substantially (9). Integrated approaches to
health are challenging because they require complex systems of
communication and collaboration that are difficult to delimit (9).
Rüegg et al. (9), reflecting on the concrete challenges for OH

implementation, described real case studies of application of OH
in different countries. The most important topics to consider
were related to the social dimensions and power dynamics
among professional participants that affect OH implementation,
the importance of local and national levels for the successful
realization of OH, how the social-ecological systems and
resilience theory contribute to the OH approach. However, the
national borders are challenging for the sharing of epidemiologic
data and systems thinking is challenging for many natural
scientists (10).

In Latin America, a One Health International Network
(OHLAIC) was started as an international cooperation initiative
with representatives and leaders from over 20 countries. It
was created in December 2017 through virtual communications
between the One Health Commission (OHC), OH Platform (in
connection of OH Day) and five OH representatives from Chile,
Brazil, Perú, and Colombia as the co-founders. This OHLAIC
Network met in person with further OH experts of representative
countries in Monteria, Colombia in 2018 and 2019 (11, 12).
This network goal is addressing urgent health problems in Latin
America without any competitiveness between areas (https://
ohlaic.org/es/) and representing English, Spanish, French, and
Portuguese speaking countries. Specifically, in Colombia, the
OH concept has been deepened by the Academia since the
creation of SPVet network, created following a recommendation
made at the First Meeting of Veterinary Public Health, held
in Bogotá in 2003, under the auspices of the Representation
of PAHO/WHO. During this meeting, an important dialogue
was carried out related to food hygiene, prevention of zoonoses,
weak public perception of the role of veterinarians in the
health of society, low importance of veterinary public health in
higher education, and limitation of guidelines for professional
practices and the consequent fragmentation of the agricultural
sector in the decision-making regarding the health system and
the development of the country. The objectives of the SPVet
network were: maintaining a continuous and timely flow of
information on veterinary public health topics, strengthening
ties of cooperation and support among specialists, create a
space for discussion and consultation on topics of national
interest as international, and contribute to the strengthening
of undergraduate and graduate academic activities in veterinary
public health with the participation in the Sapuvetnet project, an
international network aimed to promote and harmonize teaching
and research on Veterinary Public Health across Latin America
and Europe. This international project contributed to develop
and share innovative undergraduate teaching material on the
importance of intersectoral collaboration and multidisciplinary
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cooperation to face the most important global challenges
(13, 14).

There are an increasing number of researchers from
universities and government agencies across many countries
of the Latin American region, with different expertise
and disciplinary backgrounds that may facilitate a more
comprehensive perspective at the human-animal-environment
interface. However, there is a gap in knowledge on the state of
OH approach in Latin American countries it seems there is a
lack of direction on the implementation of OH initiatives among
stakeholders, despite the World Bank published guidance on
how to operationalize OH (15).

In order to explore existing collaboration amongst the animal
health, human-public health and environmental health sectors,
and to describe the perception and knowledge on OH in
Colombia and other countries in Latin America, a questionnaire-
based survey was circulated amongst main stakeholders.

MATERIALS AND METHODS

Our questionnaire was derived from a similar questionnaire
used to carry out a qualitative survey on OH perception
and experiences in Europe and neighboring areas (16). The
questionnaire aimed to assess the perception and experiences
from key stakeholders on OH. This form was developed in
Google Forms (https://docs.google.com/forms/) and distributed
by email within the networks to which one of the authors
belongs (NC): Sapuvet and the “One Health Latin American
and Iberoamerica and the Caribbean network” (OHLAIC).
The potential participants were reminded about compiling the
questionnaire every 3 months via mail. Likewise, a personal
invitation to participate in the study was sent to the major
representatives of public health authorities and animal health
authorities in Colombia, Mexico, and Perú through the snowball
sampling technique (17). This is a recruitment technique in
which research participants are asked to assist researchers in
identifying other potential subjects. Likewise, several attempts
were made to contact and invite the OIE Latin America and
PAHO/WHO representatives to join the study.

The survey was organized in six sections: 1. general
information; 2. about “One Health”; 3. zoonotic diseases,
environmental health and AMR: examples of “burning” OH
issues/initiatives; 4. aspects limiting interdisciplinarity and
intersectionality in OH; 5. conclusions; 6. end of questionnaire
(including comments, remarks and/or suggestions). The survey
consisted of 27 questions, 21 closed-ended questions and 6
open-ended questions. An informed consent form was shown
at the beginning of the questionnaire to warn the participants
that the questionnaire was anonymous and that, by completing
and submitting it, they voluntarily agreed to participate. In
this way, an implicit confidentiality agreement was made with
participants. Correspondingly, as our questionnaire is the same
used in the survey on OH perception and experiences in Europe
and neighboring areas (16), the ethical approval was granted
by the Clinical Research and Ethical Review Board at the Royal
Veterinary College, grant holder of COST Action TD1404
NEOH (ref. prot. n. URN 2016 1554).

The corresponding author contacted institutions and key
actors and networks involved in OH in Latin America countries.
Key respondents were meant to represent the three components
of OH (animal, human/public, and environmental health) in each
of the 21 countries, belonging to different institutions. Public
institutions/ministries were represented by respondents working
in the agricultural or health Ministry, veterinary services, or
environmental services. We understand public health as the
science of protecting and improving the health of people and
their communities; public health professionals worked in areas
related to the Ministry of Health (MoH), independently their
college degree. Human health was defined by a state of complete
physical, psychological, and social well-being; professionals
working in these areas were physicians (medical doctors).
Academia/research personnel (i.e., professors and researchers of
the universities and national research centers), representatives of
the private sector (i.e., members of the national boards/colleges
of veterinarians, advisers, people belonging to the economic field
selling goods or veterinary products, etc.), NGOs, associations,
and scientific societies involved in OH initiatives and activities
were also asked to answer the survey.

The targeted number of respondents was at least 126 (six
respondents representing human, animal, and environmental
health, two respondents of each component from the 21 countries
of Latin America where the survey was sent). The questionnaire
was accessible for 24 months (August 2018–August 2020).
After the questionnaire was closed, the data collected were
downloaded. Answers were checked for consistency, cleaned, and
coded for analysis.

In section 3 of the questionnaire, participants were asked
to select zoonotic diseases that are controlled and monitored
by the MoH and/or agriculture in their respective country; the
list of zoonoses has been taken from the Pan-American Health
Organization (https://www.paho.org/es/temas/zoonosis).

In section 4, participants were asked to score, based on
an absolute category rating, the level and opportunities for
OH collaborations in their countries, choosing among: “poor,”
“fair,” “good,” “excellent,” and “n/a”: not applicable. We present
these scores in percentages at different institutional and/or
professional levels.

In section 5, respondents were asked to evaluate the
implementation of the OH approach by the professionals scoring
from 1 (poor) to 5 (excellent); to describe formal initiatives
to establish intersectoral collaboration; to give their “top 3”
environmental, animal health, or public health problems in
the last 5 years in their country; to name three institutions
responsible for OH in their country; and finally, the level of
knowledge about OH of the country inhabitants scoring from
1 (poor) to 4 (excellent). The scoring and type of scale made it
possible to transfer the results from a qualitative approach to a
quantitative one by giving a score to each answer (18, 19). We
present the results using box-plots, to illustrate the median score
(plus IQR and min/max) attributed by respondents.

Qualitative data (open questions) were analyzed using content
analysis method, thus categorizing, coding, and then identifying
different themes and the relationships between them. As regards
the question related to One Health definition, we used the
Tripartite Zoonotic Guide definition of OH (20) to identify if
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the answers aligned with the three health components and key
terms such as: collaboration, intersectoral, multi-disciplinarity,
and better design of health policies. Answers to the question
asking for examples of OH initiatives were categorized using
the main topics as follows: (i) zoonoses and subclassification
of zoonoses (vector borne, food borne), (ii) AMR and themes
related to food hygiene, (iii) animal welfare, (iv) answers that did
not declare any specific topic of OH approach (e.g., belonging in
a OH network or teaching the concept at some level).

Data was organized in Excel (v19) and graphics were created
with Excel, Word, Displayer (online) https://www.displayr.com/,
and Sankey Flow Show (online) https://www.sankeyflowshow.
com/. Descriptive statistics of answers and scores was carried out.
We analyzed and presented data in two ways: 1. answers from all
participating countries, including Colombia, and 2. answers from
all participating countries, excluding Colombia. We included the
survey (Spanish version) in Supplementary Material. Also, we
are available to provide raw data if requested.

RESULTS

General Information
Overall, 76 respondents from 13 countries answered the
questionnaire, with at least one respondent per country.

Few countries (Colombia, Mexico, Perú, and Argentina)
reached the targeted number of questionnaires answered (3),
other countries reached two questionnaires answered (Ecuador,
Costa Rica, Chile, Brazil, and Bolivia), and the other ones sent one
answer only. Colombia had 42 answers representing 55% of the
total (Figure 1). In most of the sections of the survey, the results
were very similar among analysis with all countries included and
without Colombia; we presented the differences when appeared.

Considering the responses from all countries (n= 76), almost
half of the respondents had a professional degree in animal health
or animal husbandry (n = 37, 49%), followed by public health
(n = 31, 40%). Only two respondents stated that they had a
professional degree in human health (n= 2, 3%). One respondent
had professional training/education studies in environmental
sciences (1%), one in education (1%), one in economics (1%), one

in commerce (1%).
The majority of respondents worked at higher education

institutions/universities (n = 44, 58%) and governmental

institutions/ministries (n= 8, 11%); others in research centers (n
= 5, 7%). Those working in NGOs were 5, 7%; without Colombia
(n= 5; 24%) and the private sector (n= 2, 3%; without Colombia
n= 2, 9%). Five respondents did not provide details.

The majority of respondents belonged to 45 institutions
working in animal health (59%), followed by 15 in public

FIGURE 1 | Map illustrating the number of respondents to the questionnaire per country, and bar chart with the number of questionnaires answered. Colors grade

from light green (low number of questionnaires answered) to dark blue (high number).
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health (20%), and only 7% in human health (n = 5) and 7%
in environmental health (n = 5) (Figure 2). Veterinary public
health respondents worked in the public health sector.

Most of the respondents stated to be professors (n= 26; 34%),
heads/directors (n = 17; 22%), and researchers (n = 17; 22%).
In less proportion, only 7% of respondents were consultants
and others work as vet clinicians (7%). The students and retired
compound (6%) of participants.

About One Health
Considering all countries, 70 respondents (92%; without
Colombia n = 31, 91%) answered they had heard about OH,
while six (8%; without Colombia n = 3, 9%) declared that
they had never heard about it. When asked to define OH in
one sentence, 52 respondents (68%; without Colombia n = 16,
47%) included the words human, animal, and environmental
health as essential components to define OH. However, the words
“intersectoral” and “trans/multidisciplinary/holistic” were used
by only 17 people (22%; without Colombia n= 11, 32%), 4 named
“collaboration/sharing” (5%; without Colombia n = 3, 9%).
Finally, 15 participants gave definitions that did not align with
the WHO definition of OH or appeared off topic (20%) without
Colombia n = 4, 12%. Examples of these answers were: “Total
health,” “Healthy,” “Wellbeing for everyone and all in harmony.”

When participants were asked if they were currently involved
in OH initiatives, the large majority stated to be involved (n
= 52; 68%); this percentage was 77% without Colombia (n =

26). Most people involved had studies in “public health” (n =

25, 48%) followed by “animal husbandry” (n = 24, 46%) and
“human health” (n= 1, 2%), environmental health and economic

sciences (n = 1 each, 1%; without Colombia n = 1, 4%). On
the other side, 24 respondents stated that they were not involved
in OH initiatives and most of them (12) belonged to Colombia.
Those who declared not to be involved in OH initiatives had a
disciplinary studies in animal husbandry (n = 13, 54%; without
Colombia n = 3, 43%), public health (n = 7, 29%; without
Colombia n = 4, 57%), education, human health, animal health,
and commerce (each n= 1, 4%).

The participants were also asked to briefly describe the OH
initiatives. Since this was an open answer, we categorized it
in: zoonoses in general (20 answers, 38%; without Colombia:
6 answers, 23%); vector-borne zoonoses (n = 7, 13%; without
Colombia n = 3, 12%); OH without deepening any specific field
(n = 8, 15%; without Colombia n = 3, 12%); antimicrobial
resistance (AMR) (n = 5, 10%; without Colombia n = 3, 12%);
animal welfare (n = 5, 10%; without Colombia n = 1, 4%);
education (n= 3, 6%; without Colombia n= 1; 4%); food hygiene
(n = 1, 2%; without Colombia n = 1, 4%); and chemical safety
(n = 1, 2%). One Health initiatives on zoonoses were mostly
cited by people with an education in “public health” (n = 15),
followed by “animal husbandry” (n = 10), and “human health”
(n= 1). The respondent with economic backgroundwas involved
in initiatives on zoonoses (n= 1). Education activities were cited
by “animal husbandry” (n = 2) and “public health” people only
(n= 1).

Forty-nine respondents stated that OH had been officially
endorsed by their institutions, while 7 Institutions did
not endorse; 20 respondents said “No answer/I don’t
know.” The institutions endorsed OH by implementing
initiatives regarding health education (n = 20), research on

FIGURE 2 | Typology and discipline of institutions by which respondents were employed.
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zoonosis/AMR/vector-borne diseases (n = 14), zoonoses in
general (n = 5), public health and public health policy (n = 5),
one welfare (n= 3).

The respondents cited some examples of programs for which
a OH approach was adopted in their institutions. These examples
mostly referred to zoonoses surveillance and control (n = 9),
health education (n= 19), research (n= 10), and environmental
health (n = 3). Other cited examples were animal health (n =

2), and OH in general (n= 2). Antimicrobial resistance and One
Welfare were cited once.

When asked to score—from 1 (low) to 5 (high)—some
advantages of OH described in literature, respondents appeared
to consider all the advantages important. In fact, the median
score for “Early detection of threat and timely, effective or
rapid response,” “Better/improved/more effective disease control
and/or biosecuritymeasures,” “Improvement in human or animal
health or well-being,” “Ecosystem benefit,” and “Design of
health policies” was 5. A score of 4 was given to “Economic
benefit/increase in economic efficiency,” “Higher quality or larger
quantity of information and data and improved knowledge or
skills,” and “Personal or social benefits,” being a high score
still. This result did not change when Colombia’s responses
were excluded.

Around 40% of respondents were aware of the existence
of boards/committees/associations actively dealing with OH
issues/initiatives in their country (Figure 3). Some respondents
provided details, stating boards and networks of Physicians
and Veterinarians such as: “Public Health Veterinary Council,”
“Rickettsiosis Program and Vector Borne Diseases” in Mexico;
“Antimicrobial Resistance Group” in Brazil; “Coordinating
Committee for Research in Animal Health” in Uruguay;
“Applied Research Center of Chile (Ciachi)” (https://ciachi.org/
es/) and “Health Ministry and Academia” in Chile; “Rabies and
Brucellosis National Control Programs” in Guatemala; “Animal
health and ecosystem” in Argentina; “Sapuvet network” (https://

www.sapuvetnet.org/) in Peru; “National Wildlife Veterinary
Council” in Costa Rica; and “National Health Institute,”
“National Zoonoses Control Program,” “One Health Groups
from Academia,” “One Health Network and Food safety”
in Colombia.

Table 1 and Figures 4, 5 show the respondents’ opinion
about the level, nature and duration of such cooperation. As
shown, the majority of respondents stated the main advantages
were the exchange of data, shared budget, and joint training.
Likewise, most of the respondents described the duration of those
initiatives to be<10 years (38%). Half of the respondents was not
aware of the duration of the OH initiatives.

Twenty-five respondents were aware of 1–5 OH initiatives
being implemented, three people indicated 6–10 initiatives,
and four respondents more than 10 initiatives. Thirty-nine
respondents did not know in which field these initiatives were
implemented. Other respondents cited disease surveillance and
monitoring (n = 33), disease prevention and control (n = 34),
research (n = 28), participants’ awareness on the programs (n =

19), and higher education programs (n= 20). “NextCap” Project
in Bolivia and Applied Research Center of Chile (Ciachi) in Chile
were cited as local examples of OH projects or programs.

Functional Cooperation in Zoonotic
Diseases, Environmental Health, and AMR
Twenty-nine people (38%; without Colombia 18 respondents,
53%) claimed that in their countries there is a functional
cooperation between the MoH and the Ministry responsible
for Animal Health, facing zoonoses. Twenty-two participants
29% answered “no” (without Colombia: 15 respondents, 44%),
and the other interviewees answered “I do not know.”
Figures 6A,B illustrate which zoonotic diseases are controlled
and monitored by the MoH and/or Ministry of Agriculture

FIGURE 3 | Knowledge about existence of boards/committees/associations actively dealing with One Health issues/initiatives in Latin America; Colombia included

(white) and excluded (black).
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TABLE 1 | Level of connections on One Health.

AR BO BR CR CH CO EC GT MX NI PE UR VE

National 17.6% 0 5.8% 5.8% 5.8% 35.3% 0 0 17.6% 5.8% 5.8% 0 0

National-Subnational and local 33.3% 0 0 0 0 66.6% 0 0 0 0 0 0 0

National and subnational 0 0 0 0 12.5% 75% 0 0 12.5% 0 0 0 0

National and local 0 0 0 0 0 0 0 0 0 0 100% 0

Subnational 0 0 0 20% 0 60% 0 0 0 0 20% 0 0

Local 0 0 0 0 0 83.3% 0 0 16.6% 0 0 0 0

Subnational-local 0 0 0 0 0 50% 0 0 0 0 0 0 50%

I don’t know 2,5% 5.1% 2.5% 0 2.5% 56.4% 5.1% 2.50% 10.2% 2.5% 7.7% 0 2.5%

AR, Argentina; BO; Bolivia; BR, Brasil; CR, Costa Rica; CH, Chile; CO, Colombia; EC, Ecuador; GT, Guatemala; MX, Mexico; NI, Nicaragua; PE, Perú; UR, Uruguay; VE, Venezuela.

FIGURE 4 | Nature of the collaboration on One Health.

(MoA) in Latin America (Colombia included and excluded),
according to respondents.

Some questions sought to interrogate about the level of
knowledge in the community about diseases of animals exposed
to environmental pollutants and subsequently transmitted
to humans by food of animal origin (e.g., dioxins, PCBs,
DDT, and related pesticides). Sixty-five respondents (85%)
gave a median score of 2 (Q1–Q3: 2–3) to the level of
knowledge about these diseases (scoring from 1—poor, to
5—excellent); nine persons said they were not competent
in the field. The median score given to the “quality of
national plans for the prevention and monitoring of foodborne
diseases of animal origin caused by environmental pollutants”
by 60 respondents was 3 (Q1–Q3: 2–4). In this case, 16
people responded they were not competent in the field.
The results were not altered by withdrawing the respondents
from Colombia.

Regarding the issue of AMR surveillance in Latin
America, with specific monitoring and research programs,

25 respondents (33%; Colombia excluded n = 15 respondents,
44%) declared that their countries contribute to that. Thirteen
respondents answer “no” (17%; Colombia excluded n =

6%). The other respondents (n = 38, 50%; Colombia
excluded n = 13, 38%) did not answer or did not know
(Figure 7).

Factors Limiting Interdisciplinarity and
Intersectoral Collaboration
As regards the aspects limiting interdisciplinarity and
intersectoral collaboration, the main limit, cited by 27
respondents (36%; Colombia excluded n = 17 respondents,
50%), was a “siloed approach” of disciplines, followed by
“institutional limits” and “limits on education” cited by six
persons each (8% each; Colombia excluded n = 2), and “lack
of resources” (n = 2, 3%; Colombia excluded n = 2). Ten
respondents mentioned more than one limit. Interestingly, 25
persons (33%) did not answer (Colombia excluded: n= 13).
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FIGURE 5 | Duration of the cooperation on One Health.

FIGURE 6 | (A) Zoonotic diseases control and monitoring by the Ministry of Health (MoH) in white, Ministry of Agriculture (MoA) in black, and both in black-white

stripes in Latin America. (B) Zoonotic diseases control and monitoring by the Ministry of Health (MoH) in white, Ministry of Agriculture (MoA) in black, and both in

black-white stripes in Latin America (Colombia not included).
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Perception on the Level, Opportunities and
Implementation for One Health
Collaboration
Table 2 shows how the participants perceive the level and the
opportunities for OH collaborations within professional boards,
University Departments, institutions involved in veterinary
surveillance and food security, and institutions involved in
emergencies management for both groups. Most respondents
agreed that the opportunities for collaboration in all the scenarios

described above are poor.
Respondents were asked to rate how well the OH approach

is implemented by the professionals employed/engaged in

Veterinary, Public, and Environmental Health sectors in their
country, scoring from 1 (poor) to 5 (excellent). Seventy
respondents gave a median score of 3 (without the results from
Colombia, the median score was 3 as well). Details of the
answers by countries are illustrated in Figure 8. The box-plot
illustrates the median score (plus IQR and min/max) attributed
by respondents.

Eighteen respondents (24%; Colombia excluded 7
respondents, 21%) asserted the existence of recent formal
initiatives to establish and/or to strengthen intersectoral
collaboration with the objective of working with a OH approach.
Twelve people (16%) answered “no”; the other respondents
selected “not answer/I don’t know.”

FIGURE 7 | Contribution to Latin America AMR monitoring/research programs, yes (white), no (black), NR (black-white stripes).

TABLE 2 | Perception of the level and the opportunities for OH collaborations within several professional scenarios in both groups (all countries and Colombia excluded).

Level and

opportunities for OH

collaboration within.

Poor (%) Fair (%) Good (%) Excellent (%) n/a (%)

All

countries

Colombia

excluded

All

countries

Colombia

excluded

All

countries

Colombia

excluded

All

countries

Colombia

excluded

All

countries

Colombia

excluded

Professional boards 36 (47.4%) 16 (47.0%) 17 (22.4%) 7 (20.5%) 11 (14.5%) 4 (11.8%) 3 (3.9%) 2 (5.8%) 10 (11.9%) 5 (14.7%)

University Departments 23 (30.3%) 11 (32.3%) 17 (22.4%) 9 (26.5%) 19 (25.0%) 6 (17.6%) 8 (10.5%) 3 (8.8%) 10 (11.9%) 5 (14.7%)

Institutions involved in

vet surveillance and

food security

31 (40.8%) 13 (38.2%) 24 (31.6%) 12 (35.3%) 14 (18.4%) 5 (14.7%) 1 (1.3%) 1 (2.9%) 7 (19.2%) 3 (8.8%)

Institutions involved in

emergencies

management

32 (42.1%) 14 (41.2%) 23 (30.3%) 11 (32.3%) 12 (15.8%) 3 (8.8%) 1 (1.3%) 1 (2.9%) 9 (11.8%) 5 (14.7%)
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FIGURE 8 | Boxplot of the scores attributed by respondents on the implementation of the OH approach by professionals in their respective countries; scoring from 1

(poor) to 5 (excellent).

Examples of “Burning” OH
Issues/Initiatives
The participants were asked to cite the top three environmental,
animal, and human health issues in their country over the
past 5 years. The vast majority (92%; Colombia excluded: 97%)
cited AMR, food safety (n = 56, 74%; Colombia excluded:
47%) and zoonoses (n = 12, 16%; Colombia excluded: 43%).
The Sankey diagram shows all answers by country (Figure 9).
When considering answers by countries in the same geographical
region, we observed differences in the top three issues: AMR was
cited in all countries except from Guatemala; food safety in all
countries except fromEcuador, Chile, Nicaragua, Guatemala, and
Peru; all except Nicaragua, Guatemala, and Peru cited zoonoses.

Gaps in One Health Approaches
Gaps in OH plans were identified as the “siloed approach of
disciplines or lack of articulation among sectors” (n = 26, 34%),
“government barriers/lack of political will and laws to create
synergies” (n = 18, 24%), “barriers for OH communication/lack
of education of OH approach among institutions and citizens”
(n = 9, 12%), and “lack of resources and budget” (n = 11, 14%).
Other breaches cited by fewer respondents were that priorities are
focused on human health but not on animal and environmental
health (n = 3, 4%) and the institutional corruption (n = 1, 1%).
Twenty-three (30%) of the respondents did not answer. From
those 23 people, their discipline were animal sciences (n = 11),
public health (n = 8), human health (n = 1), commerce (n =

1), health education (n = 1). From the 23 respondents who did
not answer, 13 were from Colombia. When removing Colombia’s
answers, the results were the same.

According to participants, the level of knowledge/perception
of OH amongst citizens/consumers in their country is very low.
In fact, the median score was 2 (Q1–Q3: 1.75–3.0) in a range
from 1 (poor) to 4 (excellent). Even if we removed Colombia’s
answers, the median score remained 2. Details of the answers

aggregated by countries are illustrated in Figure 10. The box-plot
illustrates the median score (plus IQR and min/max) attributed
by respondents.

Only some respondents added a few comments, remarks and
suggestions to the questionnaire: . . . “there is a certain apathy
from those responsible for human health to integrate animal health
professionals into a conjoint work,” “. . . . hopefully the actions in
favor of OH will be a priority because of the Pandemic”. . . ”Our
countries must: 1. receive greater commitment from government
institutions. 2. Strengthen training for communities and unions.
3. Include lines of training on One Health in formal primary,
secondary and university education programs, as well as in
informal training programs “. . . ” we should include requirements
for OH in health sector legislation, including specific budgeting
of resources....”

DISCUSSION

There is currently no record in Colombia or Latin America that
would allow understanding of the OH baseline on perception,
knowledge, and barriers among main stakeholders.

General Information
The vast majority of respondents to our survey had a background
in animal health and public health, and slighter engagement from
the environmental component of OH. Education, commerce,
economics, biology, and evolution disciplines 1% each. Chiesa
et al. (16), obtained similar results in the European study,
where the majority of respondents declared to had training
or professional studies in animal health or animal husbandry
(54%), followed by Public Health or Human Health (30%),
and only 10% of respondents had Environmental Sciences
studies. In addition, most of our respondents worked at higher
education institutions/universities followed by governmental
institutions/ministries, research centers, NGOs, and the private
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FIGURE 9 | Top environmental, animal, and human health issues over the past 5 years cited by countries in the different regional areas (Colombia excluded).

sector. In the European study, a lower percentage of interviewees
worked at Higher Education Institutions/Universities and
in NGOs, while there was a higher participation from
Governmental Institutions/Ministries, research centers, and
private sector. The larger proportion of respondents from animal
health, as well as academic and research institutions can be
explained by the fact that, in Latin America, OH was first made
known in universities with veterinary medicine schools through
the Sapuvet network in the 2000s. Since then, the OH concept has
been promoted strongly by animal health academy and research
communities (8, 13, 14). Also, the European study was carried
out during the framework of action of the Network of Evaluation
of OH, while in our study the survey was done independently by
the initiative of Academia without predetermined resources and
Government collaboration.

About One Health
“One Health” was a familiar concept for the majority of
respondents (92%). Overall, 68% of respondents mentioned the
words human, animal, and environmental health as essential
components to define OH. However, the words “intersectoral”
and “trans/multidisciplinary/holistic” were used by only 22%
(excluding Colombia 32%), and only 5% (without Colombia
9%) mentioned the aspect of “collaboration/sharing.” Our
results differed moderately from the European study (16),
higher percentages of respondents included a term among

“intersectoral/transdisciplinary/holistic” in the definition and
named “collaboration/sharing.” This may be explained by
the fact that the OH approach has been studied the most
by animal health and public health (21), so a traditional
understanding of OH evolving around the linkages between
“human,” “animal,” and “environment” health exists. Only
20% of interviewees did not answer properly or gave an
incomplete or unclear definitions, indicating that one-fifth
have a lack of understanding of the concept among the
knowledgeable audience. This is in accordance to Xie et al.
(22), who stated that, despite the OH concept’s growing
popularity and acceptance by the professional community,
the definition of the term remains imprecise. It is important
to highlight that the environmental health component was
mentioned frequently, in 68% of the answers, which suggests
that the three pillars of OH are overall perceived as having
equal importance. In contrast, in Europe, only 42% of the
respondents mentioned the environment (16) showing that in
Latin America the environmental component is taken more
into account.

The background of respondents who claimed to work on
zoonoses was mostly public health and animal science. The
high frequency of people joining OH initiatives on zoonoses
is reflected by the significant amount of literature in OH
describing the importance of the approach in the control and
prevention of zoonoses. Moreover, the major contributions to
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FIGURE 10 | Boxplot of the scores attributed by respondents to the level of awareness on OH in citizens in their respective countries; scoring from 1 (poor) to 4

(excellent).

improve our understanding of complex health relationships and
to reduce national and global health risks are carried out on
zoonoses topics (20, 23–25). Thus, in order to gain a more
in-depth understanding of the socio-economic and ecological
determinants of human, animal, and ecosystem health, the
OH approach is the most promising way for dealing (prevent
and control) with multi-scale, system-wide threats such as
pandemics. Regarding that, the United Nations Environment
Programme (26) stated that more investment and support is
required before such approaches can be implemented routinely.
Thus, a standardized set of metrics to measure the effectiveness
of OH interventions on zoonoses may also help to increase
uptake of the approach (26). In this sense, a National Program
for the Integrated Control and Prevention of Zoonoses based on
OH approach was designed in Colombia to support the policy
decision making for zoonotic diseases in 2016. Lessons learnt
from that experience showed that active integrated cooperation
to prevent and control zoonoses is adopted only in outbreak
situations or public health emergencies but not as continuum
systematic way of working among sectors (27). Furthermore,
there are limits to data sharing, joint cross-sectoral coordination
mechanisms and joint risk assessment among Ministries and a
shared budget to implement OH activities or priorities is absent.

Despite that, Colombia was pioneer in holding the first CDC-
OH Zoonotic Prioritization workshop in Latin American as
an example of a collaborative and joint simulation exercise in
2019 (28), providing a good model to engage countries in the
OH reflection.

The major advantages and outcomes of OH were identified
by our respondents as the early detection of threat and timely,
effective or rapid response, better/improved/more effective
disease control and/or biosecurity measures, improvement in
human or animal health or well-being, ecosystem benefit, and
design of health policies. This indicates the importance of OH
when dealing with outbreaks from animal origin and when
assuring integrated health policies. Lower scores were attributed
to other aspects (“Economic benefit/increase in economic
efficiency,” “Higher quality or larger quantity of information and
data and improved knowledge or skills,” and “Personal or social
benefits”), corroborating the lack of evidence of the added value
in economic and research aspects. In Latin American countries,
the social, economic, environmental advantages of implementing
OH as a way for better health governance is still a long way to go,
given the priorities generated by the huge social inequalities.

The fact that about 40% of respondents reported to know
formal connections, committees, or initiatives of OH in their
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country is valuable. However, most of respondents denied
or ignored the existence of OH initiatives in their countries
(Figure 3), which indicates the lack of true integration of
activities in field. Several projects and activities have been
developed and are now working within the OH concept at the
national, regional, and global level, as mentioned in the results,
based on the expectation that a more holistic management of
microbial health hazards will result in a more efficient use of the
scarce resources available for mitigating zoonotic disease risk (20,
24–26). However, such a paradigm shift has not been supported
by the systematic allocation of resources to integrated national
or multinational programs. As said before, at the national level,
Ministries of Health and Agriculture (or Animal Health) remain
largely separate, with individual budgets and agendas (20).

The number of interviewees involved in OH initiatives
that belonged to “environmental health” sector was low. We
acknowledge the potential selection bias in our study because the
participation of the environmental sector was limited, although
we attempted to contact professionals from this area. However,
De Freitas (29) reported that in Latin America, the environmental
dimension (ecosystem) has never been taken into account in a
systematic way, therefore environmental health professionals do
not tend to participate in intersectoral work (29). This could
also explain the fragile collaboration between professionals in
human health, animal health, and in the ecosystem areas (29).
This happens despite six of the countries with the world’s greatest
biodiversity are found in Latin America: Brazil, Colombia,
Ecuador, Mexico, Perú, and Venezuela. This region is also home
to the habitat with greatest biodiversity in the world (30). Even
if the participation of the environmental professionals was low,
almost all respondents (90.8%) considered environmental health
a OH pillar.

Zoonotic Diseases, Environmental Health,
and AMR: Examples of “Burning” OH
Issues/Initiatives
The examples of OH issues/initiatives provided, showed
interesting insights. Only 38% of the respondents reported
an active cooperation in their countries between the MoH
and the Ministry responsible for Animal Health (MoA),
when dealing with zoonoses, also stating that there is an
obligation to guarantee a reciprocal flux of information
between Public Health and Animal Health services. The
wildlife diseases that are present in Latin America were not
explicitly addressed in our list, because these diseases are
underreported and wildlife research is not as closely connected
to domestic animals and humans. We know there is an
information gap produced by the lack of well-established
bodies and surveillance programs for the wildlife diseases,
we included only those with recognized surveillance in Latin
America countries.

Our study showed that respondents gave importance to
classical endemic zoonoses as well as emerging zoonoses as
they stated they should be monitored and controlled by both,
MoH and MoA. Diseases like rabies, salmonellosis, leptospirosis,
cysticercosis, brucellosis, avian influenza, anthrax. In Sankey

diagram we noticed that other infectious zoonotic diseases are
cited such as: trichinosis, tuberculosis, echinococcosis, and the
vector borne diseases (VBD) like zika, chikungunya, dengue,
leishmaniasis, yellow fever, indicating that environment aspects
should be considered in control and prevention. These results
are in accordance with local authors in Colombia who pointed
out that influenza A (H1N1), leptospirosis, brucellosis, rabies,
and toxoplasmosis are the zoonoses with high priority in 2012
(31). Likewise, in Brasil, Gonçalves, et al. (32) reported that
Lyme diseases, brucellosis, leptospirosis and toxoplasmosis are
related to the low social, economic and cultural conditions of the
population from small rural properties have resulted in lack of
basic information on animal health and direct or indirect contact
with the various species of domestic animals, wildlife and ticks
have probably contributed to the prevalence levels found. The
presence of such diseases is seen in marginalized populations,
reflecting the lack of equity in our society and the lack of attention
to the social determinants of health (SDH) and risk factors
(33, 34). Neglected infectious diseases in Latin America are
often left out as public health priorities, or their prevention and
control programs are underfunded or are deemed unsustainable.
The SDH are especially important in Latin American countries,
which are characterized by adverse colonial legacies, tremendous
social injustice, huge socioeconomic disparities, and wide health
inequities (34). Poverty and inequality worsened substantially
in the 1980s, 1990s, and early 2000s in these countries (33).
Many Latin American countries have introduced public policies
that integrate health, social, and economic actions, and have
sought to develop health systems that incorporate multisectoral
interventions when introducing universal health coverage to
improve health and its upstream determinants (33). However,
these conditions and factors continue to be present in most of
these countries, and a clear long term solution is still needed.
Health inequalities and inequities throughout the Americas are
persistent and manifest through the occurrence of these diseases,
providing crude illustrations of severe deprivation, and misery
in vulnerable populations (34). Regarding the complexity of the
surveillance, control, and prevention of zoonoses, the need to
implement integrated epidemiological surveillance systems for
these classical zoonoses in both animal and human health is
critical. Important efforts are needed to improve the lack of
information on zoonoses due to the poor regional surveillance
systems (35). The underreporting of zoonoses in human health
has been explained in Colombia by the indifference from the
medical doctors about zoonotic diseases, and by the logistic and
institutional barriers for laboratory confirmation of those disease
(36). Many factors contribute to underreporting of zoonoses,
arising from both an inability and an unwillingness to report. The
relative importance of these factors varies in different situations,
but they often act in combination to stifle the collection and
distribution of accurate and comprehensive data, particularly
in resource-poor settings (37). In the area of clinical practice,
medical schools do not typically emphasize the ecology of
microorganisms; so, medical students do not see the importance
of zoonotic diseases and the impact on human health, and
therefore, they do not see the need to work with their veterinary
medical colleagues. This evident gap finds its beginnings from
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the education of the medical school, where the focus is only on
the human being. Contrary to that, veterinary medicine seeks
to teach students about different species, including humans,
which allows a more obvious will to collaborate with other
areas (38).

The Sankey diagram (Figure 9) shows that the most frequent
health problemmentioned in Latin America was AMR. However,
50% of the participants stated, answering another question
in the survey (Figure 7), that they did not know if their
respective countries contribute to AMR surveillance with specific
monitoring and research programs. To the authors’ knowledge,
AMR surveillance is one of the best examples of the impact
of the OH approach in practice in the Region. Indeed, since
2010, there has been a strong commitment from FAO, OIE,
and PAHO, working together to mitigate the risks of AMR
in the interconnection among human health, animal health,
and the environment. With participation of representatives
of Ministries of Health and Agriculture from Argentina,
Brazil, Chile, Colombia, Paraguay, Peru, and Uruguay, the
organizations now joined forces in the implementation of the
project “Working Together to Fight Antimicrobial Resistance”
to ensure a coherent “One Health” approach, recognizing
the multidimensionality, and necessity of an intersectoral
response that is needed to address the problem of AMR
(39). Among the 25 respondents (33%) who were aware of
AMR initiatives in their countries, only 6 (from Colombia and
Ecuador) mentioned the FAO, OIE PAHO initiative described
above. Other initiatives described were from Argentina, Chile,
Perú, Brazil, Uruguay, but the names of the programs or
projects were not mentioned. It is perplexing that none of
the participants from Colombia, mentioned the Colombian
Integrated Program for Antimicrobial Resistance Surveillance
(COIPARS), a program created for AMR surveillance in poultry
farms that was the first initiative to explore the implementation
of OH (40).

Aspects Limiting
Interdisciplinarity/Intersectorality in OH
In the section regarding the aspects limiting interdisciplinarity
and intersectorality in OH (section 4), the “siloed approach”
of sectors, followed by the siloed approach of disciplines,
was the most commonly mentioned limiting factor (34%).
This factor has long been recognized as a barrier to moving
toward OH by several authors worldwide (41–43). Johnson
et al. (41) reported that the absence of a clear definition and
subsequent vision for the future of OH act as a barrier to
interdisciplinary collaboration, and that siloed approaches/lack
of communication by different sectors restrict the ability for
professionals to work collaboratively across disciplines (41).
In the same way, Manlove et al. (42) stated that efficiently
disseminating knowledge and methodologies across disciplinary
boundaries is essential for a cohesive reaction to emerging
threats. However, researchers tend to organize themselves into
discipline-specific “silos” that contain robust internal research
communities, but that only rarely interact with one another. This
is particularly true of the disciplines studying infectious disease:

workplaces range from hospitals, to microbiological laboratories,
to ecological field sites, to mathematical computing facilities, and
communicating across these physical and cultural boundaries is
difficult (42). Likewise, Nyatanyi et al. (43) reported the Rwanda’s
government need to fund the implementation and embrace
the concept of “oneness,” such that the separate ministries
can develop common policies, approaches and evaluations that
can feed into action plans and improved health infrastructure.
Academics also need to think beyond the traditional silos
(medicine, public health, veterinary medicine, engineering, etc.)
in ways that will stimulate innovation and encourage problem
solving (43).

Concerning the other gaps that emerged from our study,
the general low awareness about OH, lack of implementation
about OH, lack of commitment of policy-makers, resources,
and budget for OH. Chiesa et al. reported similar results in
their study in Europe (16). We compared our findings with
the classification reported by Ribeiro et al. (44). They offered
the challenges and difficulties for executing OH initiatives in
the following three categories: 1. Conditions for starting: policy
and funding; education and training; 2. Execution: surveillance;
multi-actor, multi-domain, and multi-level collaborations; and
3. Monitoring and evaluation: evidence (44). Based on this
classification, several barriers were cited in our study as follows
in policy and funding: “lack of funding, normative and inclusion
of research results within the Governmental sector, “low political
will,” “personnel reluctant to change.” On the education and
training, obstacles were cited as follows: “lack of awareness on
these topics from the human health sector,” “insufficient training
programs on OH concept and application.” Referring to the
surveillance level, one respondent answered: “logistical challenges
such as lack of personnel supporting the environmental component
in national programs” “Need of diagnostic laboratory capacity
for wildlife,” “ambiguous legislation for integrated surveillance
across different domains (environmental, animal, and human
health systems,” “Restricted access to data, conflict of interest,
selfishness, and lack of interest on those topics.” On the multi-
actor collaboration and multi-domain collaboration, difficulties
were described as: “the little opening of each sector for
collaborative work,” “Sectors work in isolated way,” “difficulties
in promoting the engagement of multiple actors across domains.”
Regarding the multi-level collaborations, problems were cited
as: “. . . institutional corruption. . .Colombians have unhealthy
practices in the search of resources to maintain their families due
to social inequities” “Professional egos hindering the intersectoral
collaboration.” Dos Ribeiro et al. (44) reported the lack of
OH evaluation studies and reporting of outcomes and lack
of guidelines and metrics for OH monitoring and evaluation
but in our study, we did not find any answer about these
specific challenges.

As regards the perception of the level and the opportunities
for OH collaborations within several professional scenarios
(Table 2) the “poor” scores prevailed as regards professional
boards, institutions involved in animal surveillance and food
security and institutions involved in emergencies management.
This result suggests that in Colombia and the other participating
countries there is an overall negative perception about OH
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collaboration, despite its potential benefits. According to our
data, there is a common understanding that OH is beneficial to
design and implement better public health programs, but the
implementation of the OH approach remains a huge challenge
(Figure 8). One Health implementation is qualified between
insufficient and limited in all participating countries. This is
in accordance with Yamada et al. (45), who pointed out that
OH operationalization has so far proved to be challenging.
Implementation is often a complex issue requiring collaboration
between diverse and multi-disciplinary partnerships (45). At a
local or national level, it often might be a matter of breaking
down professional barriers through improved communication
and incorporating information on OH and its benefits into
professional training and university courses. At the international
level, it is usually much more difficult and can be hindered
by dysfunctions which characterize current forms of global
health governance (45). Regardless of the gaps and barriers
mentioned by participants for the OH implementation, Pettan-
Brewer et al. (46) reported that local communities from diverse
social and economic status, including indigenous populations,
have been working with institutions and social organizations for
many years, especially in Brazil, accomplishing results through
grassroots movements. These “bottom-up” socio-community
approaches, have been also tools for prevention and control
diseases (46).

Limitations of This Study
Although the questionnaire was sent by email to key contacts
from OH networks existing in the Region, only 13 countries
answered the questionnaire, with at least one respondent per
country. The Latin America region is made up of 21 countries
and the Latin America and the Caribbean region is made up of
46 countries (47). The participation of at least two professionals
from each of the three areas was expected in each Latin American
country, since there is no contact in the Caribbean region. That
is, we obtained approximately 60% of the expected response
rate. The mode of distribution of the survey somewhat limited
the number of responses, due to the fact that our study was
an independent investigation. In this sense, Cole (48), in his
comparative study between web surveys and surveys sent by
mail, ensures that surveys that reach personal mail with their
own name, are 39% more likely to be answered than those
that are posted on the web or they are sent by a third party.
According to the same author, web surveys or surveys sent by
third parties have a possibility of approximately 16.6% of being
opened by people, but without submitting any response. This
was observed in our study given that three people started to
respond but gave up at some point. In the case of our study,
the vast majority of respondents to the survey were professionals
known by one of the authors and to whom the survey was sent to
their respective personal emails with its own name. The apparent
low participation may be a consequence of the breakdown of
the OH union in Latin America, since the people belonging
to each key area have not been clearly identified. However,
since the participation to this survey was completely voluntary,
the lack of interest to join this survey can be an indicator

of the barriers for the operationalization of OH initiatives in
the Region.

Our study differed from the European one on the sampling
method, due to the lack of a baseline database of professionals
working within this OH approach in Latin America. The survey
form was firstly distributed to professionals from the Sapuvet
network and the professional connections of the authors working
in the government (public health and animal health) or in other
high education institutions knowing or applying the concept of
OH in Colombia. This may have created a bias on the type
respondents who participated in the study, as the respondents
from Colombia were more than a half (55%). Indeed, a known
systemic network of OH in the region was absent at the time
of the circulation of the survey. Besides, authors did not have
control over how the survey reached the government in each
country if so.

However, the results were analyzed in two different ways,
one including Colombia and another one omitting Colombia’s
answers; when comparing these groups of analysis, results were
very similar. We consider that other countries that did not
participate in this survey could have similar results. Indeed, the
OH concept became increasingly known as the norm to work
during the response to the 2009–2010 influenza pandemic at
the global, regional, national, and community level (49), but
progress on the adoption and implementation of this approach
has been slow in the Americas region. However, it is possible
that in countries such as Brazil and Mexico, with a history of
stronger OH collaboration, the perception and knowledge in this
field may be different, due to the presence of avian flu (H1N1)
in Mexico in 2009 (50), and in Brazil due to the PAHO Office
presence and influence. In a recent publication, Pettan-Brewer
et al. (46), reported that OH Brazil network has been a successful
example to all other countries of inclusive and sustainable
interdisciplinary partnerships uniting a country with national
and international collaborations through OH. The network has
established mutual official partnerships with organizations such
as One Health Platform, One Health Initiative, One Health
Commission, One Health Sweden, continuing to build solid
partnerships among uncountable international organizations
from all continents (46).

Another limitation of our study was the low participation
of environmental science professionals in this survey. Although
an attempt was made to contact and to invite professionals
from the environmental sector no response was obtained. This
limitation is also described by the World Bank stating that
while environment is one of three main sectors in the concept
of OH, in practice it is systematically underrepresented. The
chronic lack of economic, and even ecological data available on
impacts to the environment sector was a recurring discussion
point (15). Nonetheless, some authors affirm that among
the problems to include and to gather ecosystem field in
the Latin American countries are the institutional weakness
(absent or precarious human, technical, and financial resources),
resulting in absent or discontinuous ecosystem monitoring
programs, with low quality of available data (29). Briggs et al.
(51), also provided evidence of the limited documentation,
coverage, and accessibility of information about environmental
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initiatives in Latin America. More recently, Vizeu-Pinheiro
et al. (52), unveil that most countries in Latin America have
environmental laws but there are gaps between the laws
and implementation in practice, also they revealed a great
variation across countries and dimensions of environmental
governance. The Environmental Rule of Law Regulatory agencies
face implementation challenges, driven in part by constraints
on human and financial capacity. While the region shows
progress on environmental impact assessments, progress is still
needed toward producing comprehensive explanations of agency
decisions.Within civic engagement, the region hasmade progress
on access to information but public participation remains a
challenge and the rights of environmental defenders are a huge
concern (52).

In the particular case of Colombia, Agudelo et al. (53)
mentioned that from 2001 to 2014, some laws and plans,
regarding the environment and its connectedness with health
were created, as for example, the Public Health Ten-Year
plan (53). In this Plan, the dimension called Environmental
Health includes programs toward the prevention and control of
zoonoses, the water and sanitation quality, the air quality and
impact of pollution, the control of vector-borne diseases and
vector control, the solid waste management, the surveillance
of environmental risk factors, among others. This is a great
improvement regarding environmental health, but it is
premature to say that the changes are evident at this time
(53, 54), because in the rural settings of the country, long
historic social gaps have been indicating the abandonment
of the Colombian State with the rural populations, especially
people belonging to indigenous and afro descendants’ groups.
Those populations have the worst indicators in health, in
terms of the maternal mortality rates, access to clean water, to
primary health services, to sanitation of waste management and
good house quality (55). In this way, we agree with Garnier
et al. (56), pointing out that integrating a gender perspective
together with the vision, traditional knowledge, and needs
of Indigenous Peoples and Local communities, into a multi-
sectoral OH approach, would greatly enhance biodiversity
conservation, global health, and sustainable development
outcomes. An organized approach to build collaborations
between practitioners, community, and academia under the
gender perspective, could improve environmental integration,
biodiversity conservation, and OH implementation in Latin
America, as women have a pivotal role in managing and
conserving natural resources in the current challenges that
emerge at the Human-Animal Environment interface (56). We
believe that in Latin America countries there are auspicious
biological and cultural scenarios to integrate a framework of
gender-responsive and right based OH Approach that could
help reverse the environmental, health, and climate degradation
and loss of biodiversity and doing this becoming an example of
socio-ecological resilience.

Finally, authors consider these results reflect a perceived
need for change from a fragmented health organization to
an integrated health response to global challenges not only
in Colombia but also in other Latin America countries. We
emphasize the urgency to integrate a framework for OH

governance. In this sense, the stages of policy development
based on knowledge integration (KI) as a mechanism for
multi-institutional learning to improve the governance, and
coordination of OH implementation as described by Hitziger
et al. (57) are recommended. Along the development of
health policies, the KI can be used to build a common
framework enabling an understanding of the links between
the knowledge of multiple individuals. In practice KI is a
multidimensional challenge because it requires the integration
of cognitive concepts, organizational, and social interests and
perspectives as well as communicative and cultural factors. As
shown in our results (Figures 8, 10), respondents attributed
low scores to the level of implementation and awareness
of OH in citizens, echoing how insufficient and limited
the approach is in for the participants. The integration of
the three forms of knowledge throughout a policy cycle
can be facilitated by three different approaches: multicriteria
analyses for target knowledge, systems thinking for systems
knowledge and transdisciplinary approaches for transformation
knowledge (57).

In these particular times, health programs are targeting an
integrative approach for COVID-19, considering the role of
OH initiatives (46). The year 2020 was key, since governments
around the globe reviewed their progress on the Sustainable
Development Goals, the Paris Agreement and the Convention
on Biological Diversity. What we are going through as a species
confirms the importance of accepting a new global agreement
between nature and people. The most important lessons learned
from this health, social, and environmental crisis in Latin
America are: (i) the need for more efficient and transparent
management of resources that allows greater equity and access
to health services, (ii) the importance of strengthening health
education competencies at the community level, and (iii) the
urgency to develop a greater degree of empathy toward all the
species with whom we inhabit the planet, among others. The
current framework of the human-animal-ecosystem interface
in Colombia and some of the other Latin America countries
is affected by fragmentation of health interests, programs, and
sectors, a general lack of societal participation and by professional
focus on very limited areas of expertise. In this way, we consider
that integration and implementation of the OH approach can
support countries to improve their health policies and health
governance as well as to advocate the social, economic, and
environmental sustainability of the Region.
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Needs for a Curricular Change in
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Pilot Study on Pneumonia in Schools
Francisca Marchant 1†, María Pilar Sánchez 2*†, Ximena G. Duprat 3†, Alejandro Mena 4†,

Marcela Sjöberg-Herrera 5†, Soledad Cabal 6† and Daniela P. Figueroa 7,8†

1Department of Chemical Engineering and Biotechnology, Center for Biotechnology and Bioengineering (CeBiB), University
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3One Health One World Laboratory, Applied Research Center of Chile (CIACHI), Science and Education Foundation,

Santiago, Chile, 4 Faculty of Veterinary Medicine, University Mesoamericana, Puebla, Mexico, 5Department of Molecular
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Arts Faculty, Adolfo Ibáñez University, Santiago, Chile, 8 Eco-models & Climate Change Laboratory, Applied Research Center
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This is the first pilot study on alternative conceptions and obstacles pertaining to

pneumonia in adolescents of different school vulnerability indexes. Countries with

low socioeconomic levels are disproportionately affected, with Latin America and the

Caribbean (LAC) being the second-most affected area in the world, after sub-Saharan

Africa. In spite of this fact, pneumonia is not included as an important component within

the contents of the microbiology curriculum unit in the natural science school program.

Therefore, we wanted to study how students knew about this topic by putting One

Health into action by building and validating qualitative and quantitative questionnaires,

put together by different experts in pedagogy, didactics, microbiology, and veterinary

to find out what students knew about pneumonia and their misconceptions about it.

A total of 148 students (in 8th and 9th grade) participated in this survey. The results

reveal that no statistically significant differences between the different scholar grades

(p= 0.3360 Pearson chi∧2) or genders (p= 0.8000 Fisher’s exact test) presented higher

or lower School Vulnerability Index (SVI). Regardless of the social stratum or the level

of vulnerability of the students, they have heard about this disease primarily through

their family/relatives, maintaining a superficial notion of the disease, learning wrong ideas

about microorganisms and treatments that can contribute to the risk to public health.

Keywords: alternative conceptions, school vulnerability index, pneumonia, public health, One Health education

INTRODUCTION

Pneumonia is a common and potentially serious infection that has a significant prevalence in
childhood and causes 15% of all deaths of children under 5 years of age (1). When pneumonia
is acquired in a community environment, it is called community-acquired pneumonia (CAP).
This disease can be caused by bacteria, such as Streptococcus pneumoniae, Haemophilus influenzae,
Mycoplasma pneumoniae, Chlamydophila pneumoniae, and viruses including SARS-COV2,
Human parainfluenza viruses, and Influenza viruses, among others (2). Countries with a low
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socioeconomic level are disproportionately affected by CAP,
with Latin America and the Caribbean (LAC) being the second
most affected area in the world, after sub-Saharan Africa (3).
Usual contact with pets is a risk factor for CAP (4) and this is a
serious health problem that could be mitigated with adequate
access to nutrition, water, energy, clean air, immunization,
health, and education services under the One Health
approach (5, 6).

In order to design measures to mitigate the impact on
health of a disease such as COVID-19, it is important to
understand the causal factors, the infectious cycle, and its
transmission (7, 8). Education plays a predominant role in
understanding these factors, since infectious diseases can be
prevented with basic biosecurity measures. Therefore, education
must provide scientific literacy to society, fostering critical
thinking when facing events such as pandemics, because in
the age of the anthropocene, processes like urbanization,
globalization, and industrialization have made the world more
vulnerable to pandemics than ever before (9). One Health
can help provide an effective international “antidote” to such
pandemics (10) and serves as an ideal framework for developing
problem-focused curricula that promote interdisciplinary
teamwork (11).

Undoubtedly, receiving education about infectious diseases
from an early age is of great importance, as it helps to improve
alertness in children, reducing the risks of contamination due to
harmful microorganisms that may get in contact with them and
also their animals (pets and cattle) (12). An early introduction
to the One Health educational experience to students will allow
them to have a more complete and integrative vision on health
issues, as it happens in some high school programs in Sweden
and the United States (13).

Then, to begin education, it is important to first measure
the notions that a person possesses, either by experience or by
what they have learned in their schooling years, which are called
alternative conceptions (AC). The importance of considering
the ideas that students bring to the classroom lies in the need
to guide their learning toward the construction of knowledge.
This can be accomplished through scientific research work,
including creative activities of scientific work, the formulation of
hypotheses or the elaboration of experimental designs (14). An
obstacle to overcome, for both children and adults, is difficulty in
understanding how you get an infectious disease, what causes it
to spread, and how it can be prevented (12).

Although the AC reveals the way in which children have
represented the natural phenomena with whom they have
been involved, it often happens that these conceptions present
mistakes. This is a great obstacle and generally involves an
incoherence between the interpretations of the world and
scientific knowledge. This type of science-related obstacles in AC
can be explained by multiple factors; for example, one obstacle
can be the culture through which the child was raised as a student
(15, 16). For this reason, the purpose of this work is to know
the AC on pneumonia (human/animal) in children of different
vulnerability indices, in order to expand the knowledge and show
to the ministries the importance of educating in One Health from
the first years of school.

METHODS

A cross-sectional pilot study was used to evaluate the effects
of health education on knowledge about (human/animal)
pneumonia in Chilean secondary students, through the
comparison of AC. The target population of this study
comprised 8th grade (13–16 years) and 9th (13–17 years) grade
school students located in Estación Central, La Florida, and
Quinta Normal communes in the Metropolitan Region, Chile.
Each municipal school was requested to take a survey, and
4 out of 15 responded and authorized taking it (sample of
convenience). These communes were selected according to the
school vulnerability index (SVI), from high vulnerability (SVI1)
to low vulnerability (SVI3) (17).

The survey consisted of 12 questions broken down into
two parts: (i) characterize the student’s AC on pneumonia
(human/animal) as a concept and mental model in adolescents
through three open-ended questions, and (ii) measure
AC through nine closed questions with four alternatives
(Supplementary Figures 1, 2). The survey was given in a biology
class for a period of 20–30min in duration, previously agreed
with the teacher/professor of that class. The students were
seated in isolation and all doubts were clarified before taking
the survey. The survey was building by different experts in
pedagogy, didactics, microbiology and veterinary and validated
by experts in microbiology and biological science teaching,
according to: (a) feasibility (characteristics associated with the
time spent completing the survey, the format, the interest, clarity
and briefness of the questions, as well as the ease of scoring);
(b) reliability (characteristic related to reproducibility); and (c)
validity (refer to the ability of a survey to measure what it has
been designed).

Once the survey was completed, the data obtained were
analyzed externally by an expert in biostatistics. To perform
the analysis of the information collected, ATLAS.ti v.7.5.7
software was used to process and analyse the information
related to drawings and explanations of the students. Data entry
was performed using Microsoft Excel 2010 (Microsoft Office,
Redmond, WA, USA) for determining the percentage of correct
answers in each of the participants in this study. Stata MP v
13.1 software (STATA Corp LP, USA) was used for statistical
analysis. A significance level of α = 0.05, was considered in all
statistical tests applied in this study. All the variables of the study
were summarized as mean and standard deviation or frequency
and percentage.

This research was approved by the Research Ethics Committee
of the University of Santiago of Chile. All participants indicated
their willingness to participate in this research, with the consent
of their parents and the authorization of each school. For this
purpose, the names of each student were omitted, in order not to
expose the privacy of their participants, which were sequentially
labeled from school 1 to 4.

RESULTS

A total of 15 educational establishments were selected according
to SVI, but only 4 (26.7%) of them met the inclusion criteria
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(informed consent obtained from the participants prior to the
survey) to be part of this research. Sixty-nine students belonged
to 8th grade and a total of 79 students were in 9th grade. The
age range of the 8th grade students fluctuated between 12 and 15
years, while that of the 9th grade students varied between 14 and
17 years of age (Supplementary Table 1). In total, six groups of
students were studied: three groups corresponding to 8th and 9th
grade, each one classified in SVI1 to SVI3.

According to the different parts of the survey, the answers
of varying complexity were obtained, both about the drawings
and their respective explanations about pneumonia, as well as
the responses selected in the alternative questions. The survey
results were classified into categories: qualitative (part I) and
quantitative (part II).

In relation to the characterization of AC about pneumonia
(part I), within the most prevalent answers, and according to
the qualitative analysis, it was determined that for both 8th and
9th grade students, the physiological-anatomical approach was
the one that predominated the most in the sample studied. It
was characterized by drawings like the Supplementary Table 2A,
some of the answers from 8th and 9th grade students in
accordance with the SVI related to the organs and structures that
make up the respiratory system (nose, pharynx, bronchi, lungs,
thorax, and diaphragm, among other parts). In this Table, the PRS
code was assigned to indicate “Physiological Respiratory System.”
This explanatory model accounts for the macroscopic vision that
students have with respect to pneumonia.

It would be expected to find in 8th grade students and
in 9th grade students (who were taught microbiology in
7th grade and cell in 8th grade), slightly more complex
explanatory models that consider concepts such as prokaryotic
cell, bacteria, virus, infection, immune system, contagion, and
among others.

Interestingly, students in both levels (8th and 9th) with the
greatest vulnerability (SVI1) have heard more about pneumonia
(Figures 1A,B) and found out through a physician from their
own experience, that is, because the children became ill with
pneumonia. Students in the 8th grade provided a wider variety of
responses, while in 9th grade, the AC was clearer that pneumonia
is mainly related to the lungs. According to the knowledge
about pneumonia (part II), <20% admit not having heard
about pneumonia, all of them belonging to high vulnerability
schools (SVI1). The most common source of information about
pneumonia in both levels (8th and 9th) was the family, and only
one student mentioned the school as a source of information
(Figures 1C,D, zero values were excluded in the construction of
the Figure).

Another AC is related to the belief that the bloodstream
is the main transmission mechanism of pneumonia when, in
reality, it is saliva droplets contaminated with the pathogen,
which can come into contact with the host in multiple
ways (SVI1).

Despite the fact that students recognize that the best measure
in case of suspected pneumonia is to consult a physician, this
option was selected as the second most frequent in all groups.
Self-medication with antibiotics dominated as AC in the students
from the most vulnerable schools and is accompanied by the

idea that getting vaccinated once sick, it could be a measure
to consider as possible in case of having the disease. Although
most students understood that antibiotics are the adequate
pharmacological treatment for pneumonia, most students also
answered that the disease was caused by viruses and must be
treated with antibiotics, which is contradictory as antibiotics are
not used to treat viral diseases.

Additionally, vaccines appear as the second most frequent
option for treatment. This is also an obstacle in their explanatory
models because vaccines are not exclusive to viruses. In relation
to comparison of the number of correct answers in schools
according to SVI, when comparing the number of correct
answers at the different levels, that there are no statistically
significant differences with p-values obtained; almost all are
greater than α = 0.05 (significance level). The only exception
occurred when comparing the percentage of correct answers
between the 8th grade schools with SVI2 and SVI3. In global
terms, it can be observed that the most vulnerable students
answered a lower number of correct answers than the least
vulnerable students, both in 8th and 9th grade.

When comparing schools according to their vulnerability
index and educational level (Supplementary Table 2B),
statistically significant differences were found only for the
8th grade (Kruskal–Wallis test, p = 0.0313). Schools with a
vulnerability index that gave statistically significant differences
were schools with SVI1 and SVI3 and schools with SVI2 and
SVI3 (Dunn test), p-value 0.0423 and 0.0044, respectively. In
the case of 9th grade, no statistically significant differences were
found (Kruskal–Wallis, p = 0.2078). These results indicate that
the different SVI have no relationship on the type of AC that
the students in this research may have on pneumonia, and that
regardless of the socioeconomic and cultural context in which
these contents are taught, students are likely to have similar
notions about the disease.

The distribution of the responses of the surveys applied
and answered is shown in Supplementary Tables 3–5 (Correct
survey choices, total correct answers, and distribution according
to SVI and level).

DISCUSSION

Among the main findings of our research, we detected that the
students have the concept associated with pneumonia at the
physiological-anatomical level, while we would expect to find
that the students consider the explanatory models a little more
complex in relation to the causes of the disease. In addition,
students belonging to schools with greater vulnerability have
less knowledge of the concept of pneumonia and their main
source of information is family (relatives). Interestingly, we
found that students were unaware that the third cause of death
in Chile is pneumonia, which is caused mainly by bacterial
agents. This information was less known among students from
institutions with a higher degree of vulnerability. On the other
hand, regarding the measure in a suspected case of pneumonia,
most of the students knew they should go to a physician, but
at least half indicated that it could be treated with antibiotics,
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FIGURE 1 | Distribution of responses (in %) according to SVI, Question 2: Have you heard about pneumonia? (Part 1), (A) 8th and (B) 9th. Frequency distribution of

responses by SVI according to source of information Question 2: How did you know? (Part 2), (C) 8th and (D) 9th. *Zero values were excluded in the construction of

the (C,D).

vaccines, and even a healthy diet. This result may have been
affected by the curricular contents of Natural Science of 8th
and 9th grade. For 8th grade, the most relevant systems of the

human body were taught, including the Respiratory System, a
reason that could explain why the 9th grade students responded
more accurately.
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Also, students thought that viral pneumonia can be treated
with antibacterials and that vaccines are only used to treat
viruses (18). This AC contains two issues: (i) the vaccine is
associated as a treatment and not as a preventative tool, and
(ii) pneumonia was caused by a virus, which could explain why
students consider the vaccine as a treatment against this type
of pathogens.

These misconceptions are the main problem that can
contribute to public health risk (19) and increase resistance
to antibacterials. In general, we found that students who
participated in this study have similar notions about pneumonia
regardless of their SVI. Perhaps this is due to the lack of
understanding of the real scope of this infectious disease
in the community, due to the low coverage and quality
of education in Chile (20, 21). Chile performs academically
below the average of the OECD countries (22). To improve
this perception, science teachers must be able to project
contextualized teaching in new social settings, with the aim
of re-educating citizens so they are capable of facing the
future (23). Considering that Chile has the highest incidence
of SARS-CoV-2 worldwide with more than 29,803 cases per
million (24), it is important to educate the population about
the diseases, learn to recognize its symptoms in time, have
access to vaccines and precautions, and avoid infection as much
as possible. In the training, identification of principal signs
of relative diseases that can be transmitted from animals to
humans (zoonoses) need to be considered, so they will be
prepared to prevent outbreaks and dissemination, protecting
themselves (8).

Therefore, it is necessary to implement the development
of a public policy for health education with the One Health
work strategy. This requires an interdisciplinary approach
(animal, human and environmental professionals) optimizing
the use of available resources (25). In this sense, One Health
approach programs have been designed and implemented
through workshops that use activities based on experience and
research to teach concepts of pathogen transmission, disease risk
assessment, and mitigation (26).

The term pneumonia could be used with the name
human/animal pneumonia for the students (must of them won’t
know that are the same pathogens), because the etiology and
clinical signs are similar, so this could help in the detection of
pneumonia not only in humans, also in animals because they can
be infected with pneumonia and the students will be prepared to
report or make an alert about this disease in the animal field too.

Pneumonia can affect domestic animals that can be in contact
with humans, like dogs, cats, and cattle. Etiological agents like
Bordetella bronchiseptica, Rhodococcus equi, or Capnocytophaga
canimorsus can be found in the oral cavity of these animals and be
transmitted to humans through bites or direct contact with fluids
(27). This is important under the One Health approach because
this type of study, and the integration of disease information to
the signatures can be implemented with other infections, like
vector-borne diseases, zoonoses, etc. So if the students are trained
in their schools, they will be able to detect on time, prevent and
report diseases in humans and animals. This could be key in their
own protection and prevention of future pandemics.

For example, OH Sweden has developed an educational
strategy program to promote understanding the interaction
between pathogens, hosts, and the environment in a didactic
way, through the interaction of students and researchers
(13). The OH Training and Leadership program improves
household and personal hygiene practices and animal housing
in low-income, high-risk communities in South Africa (28).
Rwanda has developed educational tools on One Health at the
government level in its environmental, livestock and health plans;
encouraging the resolution of problems related to infectious
diseases in all professions (25). The implementation of an
educational system with the One Health concept allows for
an early diagnosis and timely treatment of pneumonia, and
a reduction of hospital expenses (∼$6,000 US) (29). Like
other emerging diseases, One Health concept can also allow
preventative measures to mitigate the presence of pneumonia
through exposure to urban air pollutants (30).

Chilean public policy for education must implement the One
Health concept and it should be located at the level of: Ministry
of Education, all providers of public health services (Ministry
of Health), financial agents (Ministry of Economy) and the
scientific community.

Our study has some limitations: This research only focuses
on one discipline, so transdisciplinary perspectives can generate
hypotheses that a discipline perspective may miss. Second, we
only collected data on knowledge of pneumonia without gender
differentiation. This data is important to consider, as women have
been reported to be more concerned with maintaining hygiene
compared to men (31). Despite these limitations, this study
demonstrates the importance of infectious disease education
and provides a reference to promote preventive behaviors
among Latin American students. This study provides valuable
information on the issues that must be prioritized and improved
to prevent infectious diseases. We propose the establishment of
strategic actions integrated by a network of various agents with
the objective of improving education in Chile under the One
Health concept.
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