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ABSTRACT

There is growing awareness and recognition of the importance of the One Health paradigm to
address existing environmental threats and recognise emerging ones at an early stage among
Arctic residents, public health agencies, and wildlife resource managers. The One Health
approach, emphasising the interconnectedness of human, animal, and ecosystem health, plays
a pivotal role in addressing these multifaceted issues. Warming climate and permafrost thaw may
influence both contaminant exposure and the spread of zoonotic infectious diseases and have
impacts on water and food security. Migration from rural regions to larger communities and
urban centres along with increased tourism may be accompanied by changes in exposure to
contaminants and zoonotic diseases. Universities have developed educational programmes and
research projects on One Health in the Arctic, and under the Arctic Council there is running a
project of One Arctic, One Health. These arctivities have produced interdisciplinary information
and practical solutions for local communities, decision-makers, and in scientific forums. There is
a need for epidemiological zoonotic/human disease models, as well as new approaches to
integrate existing and future surveillance data to climatic and environmental data. This requires
not only regional and international collaboration but also multi-agency and transdisciplinary
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Introduction

The Arctic is an important component of the globe
(similar in size to the African continent) and reflects
the impacts of climate warming, long-range contami-
nant transport, increased human activities, and existing
and newly emerging infections, such as the COVID-19
pandemic. The Arctic has around seven million inhabi-
tants, about one million of whom are Indigenous, and
three-quarters of the Arctic population resides in settle-
ments of more than 5000 people [1,2]. In coastal
regions, there is a population of around one million
people. The Arctic environment is in a process of
change, which already has or will have significant
impacts, especially on those five million inhabitants
living in permafrost regions [1,3].

The One Health concept recognises that humans,
animals, and ecosystem health are interrelated and
interdependent in complex ways. It uses the responses
to human mental, physical, cultural, and social well-
being, which demand transdisciplinary and holistic

approaches. Human, domestic animal, and wildlife
health practitioners must work closely with ecosystem
health scientists to achieve optimal results (Figure 1).
One Health is the intuitive world view of Indigenous
people everywhere, and it is an increasingly established
concept worldwide as populations face the complex
challenges associated with global climatic and environ-
mental changes. These include changes in landscape/
land-use; the effects of urbanisation; emerging infec-
tious diseases, biological invasive species, and reduc-
tion in biodiversity; global demographic changes; and
worldwide circulation of anthropogenic contaminants
and spread of existing infectious diseases. The bridging
of contact between animals and humans frequently
results in the emergence and re-emergence of zoo-
noses from wildlife reservoirs [4]. Ecosystem change is
a major driver of disease emergence (Figure 2). This
paper describes close connections between the Arctic
regions and connections to the rest of world studied in
the different projects, which use the One Health
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Figure 1. One health - university of Alaska (Fairbanks).

approach. It is based on a chapter of The Arctic in
a global context in the AMAP Assessment 2021:
Human Health in the Arctic [5].

One health collaboration in the Arctic
Arctic council

In the Arctic Council, there are six working groups, and
two of them have human health sub-groups: the Arctic
Human Health Expert Group (AHHEG) under the Arctic
Council’s Sustainable Development Working Group
(SDWG) and the Human Health Assessment Group
(HHAG) under the Arctic Monitoring and Assessment
Programme (AMAP) [6]. The HHAG was created almost
immediately after AMAP was established, since con-
taminants in the Arctic were clearly found to be
a threat to human health. The International
Circumpolar Surveillance (ICS) programme, which moni-
tors infectious diseases in the Arctic countries, has been
integrated into AHHEG in recognition of the key role of
climate in the ecology of infectious disease pathogens,
including zoonotic pathogens, in the Arctic [7]. The
Climate Sensitive Infection Workgroup under ICS
focuses on trends in existing zoonoses and the

emergence of newly arriving zoonoses as ocean and
air temperatures rise, and range extension carries
southern  wildlife  species further north. The
Conservation of Arctic Flora and Fauna (CAFF) pro-
gramme, one of the initial Arctic Council programmes,
assesses plant and wildlife health in the Arctic.

The Arctic Council has recognised the concept of
One Health, and coordination between the various
Arctic Council programmes and working groups has
been improved in order to achieve an integrated One
Health approach. AMAP, CAFF, and SDWG address all
elements of One Health, although their scopes of work
currently differ due to the requirements of agencies
funding the research, and to a lesser extent by the
perceived professional boundaries of the researchers
within the working groups. The multidisciplinary coop-
eration that produced the Arctic Climate Impact
Assessment [8], and more recently, the joint report on
the COVID-19 pandemic in the Arctic [9,10], are all
examples of a trend towards a One Health approach
to a wide variety of emerging environmental and
human/wildlife health issues. The SARS-CoV-2 virus is
a “textbook example” of the development of a novel
pathogen with subsequent worldwide infection. Early
detection of novel pathogens in biota, development of
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Figure 2. Effects of climate and human-caused changes on the Arctic.

appropriate monitoring of environmental reservoirs, as
well as vulnerable human hosts, are key elements of the
One Health programme [11].

During the U.S. Chairmanship (2015-2017) of the
Arctic Council, the USA and Canada introduced the
“One Arcticc One Health” project designed to
strengthen regional knowledge sharing, establishing
knowledge hubs and coordination regarding a variety
of Arctic One Health concerns in the Arctic member
states [12]. The project continued during the Finnish
(2017-2019), Icelandic (2019-2021), Russian s (2021-
2023) and Norwegian (2023-2025) chairmanships. The
main task of the One Health project is to build firm
linkages between human, animal, and environmental
health, and local communities, policymakers, research-
ers, and residents, to advance Arctic regional resilience
and reduce health risks, as mentioned above. One
form of operationalising multi-sectoral collaboration
in the case of hypothetical health emergencies (such
as forest fires or a transboundary disease outbreak

among land/sea animals), is through the One Health
Table Top Exercises (TTX) concept [13]. The scenarios
focus on the coordination and information flow
needed to rapidly diagnose and respond to the
outbreak.

Arctic networks in one health research and
education

Northern universities have made many significant con-
tributions to the wider application of One Health prin-
ciples. Contributions to the science of physical
environmental monitoring, the application of civil engi-
neering expertise to village environmental health pro-
blems, and village-based environmental biomonitoring
have all developed through cooperation between com-
munity and tribal organisations, wildlife resource agen-
cies, public health agencies, and universities [14].
Undergraduate and graduate degree programmes
are under development in several universities and
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should eventually result in a steady supply of young
scientists and experts trained in applying One Health
principles to the growing challenges faced by residents
worldwide. For example, the University of Alaska
(Fairbanks) has developed a Masters’ degree pro-
gramme [15], and Nordic countries are developing
a Nordic One Health course.

Other important agencies, networks, and projects for
collaboration, such as the University of Alaska
(Fairbanks) and the Thematic Network of Health and
Well-being in the Arctic (under the University of the
Arctic), also enhance collaboration and improve the
visibility of the education and research of One Health.
EU-funded projects are another excellent example,
including INTERACT [16], for monitoring of possible
vectors of zoonotic diseases, Nunataryuk [17] for mod-
elling and human health risk assessment of anthrax and
contaminants evaporated from thawing permafrost,
and the Nordic Centre of Excellence project CLINF [18]
for research on climate change effects on zoonotic
diseases in the North. The current pandemic arising
from the COVID-19 virus represents a classic example
of the interdependence of environmental, wildlife, and
human health.

Current status of one health components in the
Arctic

Environmental contaminants

Higher temperatures cause changes in sea ice, snow
cover, permafrost, ocean temperatures, and precipita-
tion. Climate change is also occurring together with
unprecedented globalisation in the Arctic. Increased
accessibility to remote locations, increased levels of
tourism and industry, and social change all bring new
health challenges to the Arctic [1,19], in addition to
already complex issues such as high levels of environ-
mental contaminants and rising chronic disease rates
[20]. The geographic differences in the concentrations
and trends in many contaminants reflect the differences
in culture, lifestyle, and dietary habits evident across the
Arctic [5].

Environmental contaminants are one important com-
ponent of the One Health model. The persistent organic
pollutants (POPs) listed in the annexes to the Stockholm
Convention continue to circulate in the environment
[21]. Environmental factors and the impacts of climate
change will affect the volatilisation and distribution of
POPs and heavy metals [22,23]. For example, despite the
general declining trend in polychlorinated biphenyl
(PCB) levels in human biological matrices and biota,
modelling of atmospheric PCB composition and

behaviour predicted some increase in environmental
concentrations under a warmer climate [22]. Another
concern is exposure of Arctic Indigenous Peoples to
high levels of mercury (Hg), which are high enough to
have health impacts [24].

Adverse health outcomes (e.g. neurodevelopmental
outcomes in young children and youth and cardiovas-
cular disease in adults) have been found to be asso-
ciated with Hg exposure [5,24]. Due to dietary transition
and advise, Hg levels in cord blood and from pregnant
women have decreased in the Arctic region, e.g. in
Faroe Islands (2008) being 20% of those levels found
30 years earlier [5]. However, in Nunavik and Greenland,
the levels are 4-5 times higher than measured in the
other Arctic regions [5].

Permafrost thaw caused by climate change has
major implications for the global Hg cycle [23].
Northern permafrost soils represent the largest reser-
voir of Hg on the planet, storing nearly twice as much
Hg as all other soils, the ocean, and the atmosphere
combined, indicating a need to re-evaluate the role of
the Arctic regions in the global Hg cycle. This Hg is
vulnerable to release due to the permafrost thaw pro-
jected for the coming century. Modelling of the atmo-
spheric PCB composition and behaviour indicated
higher environmental concentrations in a warmer
Arctic, but a general decline in PCB levels is still the
most prominent feature [22]. “Within-Arctic” processing
of PCBs will be affected by climate change-related pro-
cesses such as changes in wet deposition. These in turn
will influence biological exposure and uptake of PCBs
[22]. Contaminants will also be released from melting
sea ice and glaciers.

Infectious diseases

Melting permafrost and a warming climate, especially in
Arctic Russia, cause threats of release and re-emergence
of ancient pathogens, exemplified by anthrax, and pol-
lutants as mercury and other contaminants [25,26]. The
risk of outbreaks of anthrax and other microbiological
infections are real when the climate is warming, and
permafrost is thawing. Revich and co-workers [27] have
made an overview about the risks of Anthrax burial
sites in Russia, and he concluded that there is a need
to combine data on permafrost, number of anthrax
cattle burials, trends in average long-term tempera-
tures, and population density for risk assessment.
Rates of diagnosed infectious diseases in the Arctic
are highly variable, depending on country, disease, age,
gender of the affected individuals, and geographic loca-
tion [28]. Overall, improved sanitation, medical treat-
ment, vaccination, and education have decreased



infectious disease and health disparities between
Indigenous and non-Indigenous populations across
the Arctic. Bourgeois et al. [29] studied tuberculosis
incidence in the Arctic (between years 2006 and 2016)
and found this to vary among Arctic countries and to
be higher in Indigenous populations, and higher in
males than females. Current trends in infectious dis-
eases in the Arctic also include the high prevalence of
sexually transmitted diseases, introduction of new
pathogens such as COVID-19 [9,10,30], changes in the
emergence of food and waterborne diseases, and the
spread of vector-borne and zoonotic diseases due to
climate change [4,28,31-34].

Climate change is predicted to be one of the most
influential factors in the emergence of infectious dis-
eases [31] and will have both direct and indirect
impacts on human health, especially in relation to infec-
tious diseases [20,35]. Higher sea and land tempera-
tures can increase growth rates of pathogens and
animals, including insect vectors [36,37]. Extreme pre-
cipitation events may cause flooding and disrupt water/
sanitation infrastructure, raising the risk for waterborne
disease outbreaks. Indirectly, climatic factors affect
infectious disease transmission by altering human
behaviour, such as using public bathing waters and
enabling more opportunities for the start of
a waterborne disease outbreak [38] or spending more
time outside (e.g. in forests), which increases the like-
lihood of contracting a tick-borne disease [39]. Changes
in climatic factors can expand or compress a disease
vector's geographic range, change the seasonality of
vector-borne diseases, increase/decrease its population
size, and alter vector species and individuals’ ability to
survive the winter [33,34,36,40,41]. However, increased
public and health personnel education, vaccination pro-
grammes, and hygiene can help combat the spread of
disease, potentially reducing infections despite more
opportunities for infection because of climate change.

Climate and environmental change

Climate and environmental change and increased
human activity threaten the health of the Arctic wildlife.
Globally, parasites constitute a major component of
biodiversity [42] and are often identified as wildlife
and/or human pathogens. Many animal species inhabit
the Arctic, including permanent residents and those
that migrate in seasonally. These include over 200 spe-
cies of bird, 100 species of mammal, 300 species of fish,
and thousands of species of invertebrates and micro-
organisms [43]. Environmental threats include rising sea
and air temperatures, and the associated changes in
biota, habitat, foraging grounds, breeding areas, and

INTERNATIONAL JOURNAL OF CIRCUMPOLAR HEALTH e 5

migration routes. These same environmental changes
also affect disease-vector populations, ranges, and
lifecycles.

Simultaneously, the Arctic is the focus of increased
human interest and activity, which in turn brings addi-
tional challenges that may impact upon infectious dis-
eases among wildlife, e.g. increased shipping traffic
could introduce rat-borne diseases from ports in north-
western Scandinavia and the Russian Federation. The
rapid influx of people (and their pets) has the potential
to introduce new pathogens, establish new hosts, and
alter the wildlife environment through industry, con-
struction, and pollution. Change can also stress animals,
potentially making them more vulnerable to infectious
diseases [44].

Many Arctic pathogens may have environmental
hosts that have not been identified. For example, the
intracellular bacterium Coxiella burnetti (causing human
Q fever) has recently been identified in northern fur
seals and their placenta and may well be found in the
crabs feeding on these placentas at rookeries in the
Bering Sea. Francisella tularensis (a type of aerobic bac-
terium causing human tularaemia) causes an antibody
response, which has not previously been found in polar
bears, but has now been [45]. The environmental reser-
voirs for these recently documented new Arctic infec-
tions are not known. The ecology of Arctic pathogens is
a topic that needs collaborative investigation, involving
local knowledge as well as western science [46].

Changes in nature and environment have impacts on
Indigenous peoples in the Arctic. Thinning and reduc-
tion of the sea ice during wintertime, a reduced snow
cover duration, risks of natural disasters, such ava-
lanches and tsunamis are risks for travelling and hunt-
ing [3547]. From a One Health perspective, it is
necessary to monitor marine mammal health and the
risks caused by changing ice condition and temperature
for them [35].

Future directions

Clean, safe, fresh water is one of the most important
natural resources and the focus of one of the United
Nations Sustainable Development Goals under Agenda
2030. Safe drinking water and adequate sanitation are
key factors for human life and health. Arctic climate
conditions affect water security and sanitation services
in the Arctic countries. Some challenges, such as loss of
permafrost, affect regional water and sanitation services
in similar ways, while others are more limited in distri-
bution. There are still people in Arctic regions that lack
centralised drinking water and sanitation systems, and
alternative drinking water sources and transport
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options continue to be needed. The state of water
services in the Arctic was reviewed for the One Arctic,
One Health project [48].

Permafrost thaw affects infrastructure, livelihoods,
and access to clean drinking water and food.
According to the results of Ramage et al. [3] climate-
driven permafrost projections suggest that 42% of the
permafrost settlements (3.3 million people) will become
permafrost-free due to thawing by 2050, and around
42% of those which stay on permafrost are in high
hazard zones. Permafrost degradation has far-reaching
consequences for the global climate and profound
impacts on local and regional livelihoods [3].

Langer and co-workers [49] recently published
a paper about the contaminated sites on the Arctic
permafrost. They identified 4500 industrial sites, where
potentially hazardous substances are actively used or
stored in the permafrost-dominated regions. Energy
and agriculture, forestry, and other land use account
for the largest proportion of industrial sites, but 70% of
them remain unknown. There might be up to 15 000
more. Industrial contaminants have been neglected in
existing climate impact analyses, and they are an
important risk factor locally and globally.

Operationalising One Health requires application of
the One Health paradigm to the issues to be addressed.
It requires the development of metrics to monitor
trends in recognised threats, to detect emerging ones,
and evaluate the results of mitigation and adaptation
strategies. The strategy should take advantage of
Indigenous and local knowledge, as well as scientific
application of technology, where appropriate. In the
circumpolar north, where many community challenges
are climate-sensitive, a One Health approach may help
in developing an effective and sustainable response. In
the European Union, the One Health approach has
been the basic element of the new funding calls
together with community-based participatory elements
of including local and Indigenous populations.
Communities benefit from a well-functioning system
for systematically monitoring trends in environmental
change and diseases or other threats to wildlife, such
that residents and jurisdictional health systems can
respond effectively. This may include physical monitor-
ing, for example concerning shoreline erosion or per-
mafrost temperature; as well as biomonitoring to
collect evidence of subsistence animal exposure to zoo-
notic diseases and contaminants. The data from a well-
designed community-based, resident-operated pro-
gramme enables communities to develop local adapta-
tion strategies that can be critical to sustaining
a traditional diet, protecting vulnerable residents, and
protecting village infrastructure [50]. The use of the

Table Top Exercise methodologies for improving colla-
boration and planning for the future is an important
tool [13].

Conclusion

The holistic view of Indigenous peoples, the commu-
nities’ willingness to contribute traditional ecological
knowledge, and local observations of environmental
abnormalities are essential parts of the One Health
approach. Local wildlife management agencies and
laboratories can help train communities to develop
their own environmental monitoring systems.
Combining the knowledge of local observers and wes-
tern science offers the best opportunity to develop
community-based strategies for monitoring, adaptation
and mitigation [14,47]. Development of strategies for
actions and programmes utilising One Health to
address the consequences of a warming Arctic will
depend on these cooperative efforts between scientists
with diverse professional backgrounds, together with
the contributions of Arctic residents.
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