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The goal of the review is to study and summarize approaches to assessing, monitoring, predicting, and countering human
health risks associated with the spread of virulent pathogens, parasites, and other biological hazardsin the Russian Arctic regions.

A literature search was conducted from May to August 2024 using PubMed, Web of Science, Science Direct, and
eLibrary.ru to identify studies on vector-borne pathogens, parasites, and other biological hazards in the Arctic. The review
also considered phenomena of bioaccumulation of chemical contaminants in biological food chains that can cause increased
susceptibility of humans to infections and the impact of climate change on biological risksin the Arctic. Of the 348 identified
publications, 55 articles were selected that met the inclusion criteria.

The analysis revealed significant gapsin the literature on biological risk assessment related to primary data on Arctic zoono-
tic diseases, with the most limited information related to the sources and pathways of their spread by wild game species. Based on
hazard identification, it was established that risk factors for the spread of zoonotic diseases include unfavorable living conditions
(inferior quality of life), higher population density, low-quality environment, and socio-economic considerations. Migratory birds,
fish, and animals can significantly contribute to the global spread and pandemics of infectious diseases. Improving our knowledge
of wild bird and fish migration routes and vector-horne infectious diseases can help predict future outbreaks and epidemics. The
analysis proposed a predictive model for assessing biological risk events associated with this migration.

Keywords: Arctic, biological hazards, infectious diseases, health risk factors, pathogen transmission, migratory ani-
mals and insects.

Any organism or biological material that broader sense. Predators, tamed and farm ani-
can have an impact on wildlife and human mals, parasites, viruses, bacteria, fungi, poi-
health is referred to as a biological hazard in a sonous marine animals, plants, and their bio-
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toxins, which can result in infections, wounds,
allergies, or poisoning, are among them. Hu-
mans may be at risk from any direct or indirect
interaction with the self-replicating organisms
such as plants, fungi, animals, protozoa, and
monerans that are involved in the process of
natural selection.

Features, source, and mode of exposure
to a biological hazard all influence risks to the
environment and human health (e.g., exposure
to diseases or biotoxins because of contact
with contaminated surfaces, eating contami-
nated food or water, getting bit by bloodsuck-
ing vectors, or interacting with animals).

Zoonotic diseases that are endemic,
emerging, or re-emerging not only endanger
humans and animals’ health but also jeopard-
ize the security of global health care. Zoonotic
origins are estimated to account for up to 75 %
of newly identified or emerging infectious dis-
eases and 60 % of known infectious diseases.
Infectious diseases cause 15.8 % of deaths
worldwide and 43.7 % of deaths in low-
resource countries [I, 2]. An estimated
2.7 million human deaths and 2.5 billion cases
of illness are attributed to zoonotic diseases
every year [3-5].

The aim of this review is to survey and
summarize approaches to evaluating, monitor-
ing, predicting and countering risks to human
health associated with the spread of virulent
pathogens, parasites, and other biological haz-
ards across Russian Arctic regions.

To achieve this, the following tasks have
been set:

— to examine published data to identify
priority biohazards, related societal concerns,
and measures of controlling global and inter-
regional migration as well as endemic patho-
gens, parasites, and other biohazards in the
Russian Arctic;

— to identify migratory species of wildlife
capable of transferring pathogens into the Arc-
tic, focusing especially on species being tradi-
tional foods of indigenous people;

— to assess biological risks related to re-
mobilization of viable Paleo-pathogens from
thawing permafrost soils caused by climate
change;
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— to recommend actions for controlling
and preventing emerging and re-emerging in-
fectious diseases that are spread through bio-
logical pathways for local public and health
authorities at the community level.

Materials and methods. The full-text
search for publications in English was carried
out using article titles, authors, and keywords:
“Arctic regions, biological hazards, biomoni-
toring, infectious diseases, food contami-
nants, human health risk factors, pathogen
transmission, migratory animals and insects,
climate change impact”. The search of pub-
lished scholarly articles, reports, and docu-
ments was completed over the period from
May to August 2024, using main academic
databases and webpages: PubMed®, the Cen-
tre for Research on the Epidemiology of Dis-
aster (Emergency Disaster Database); and
WHO, and CDC websites. Publications since
1998 were considered. Search for publica-
tions in Russian data sources was also based
on the same keywords using e-Library plat-
forms: elibrary  (http://www.elibrary.ru),
Scholar.ru (http://www.scholar.ru) and Cyber
Leninka (https://cyberleninka.ru).

Out of all 348 identified publications,
54 papers were chosen for inclusion. Publica-
tions containing information on biological
risks in the Arctic areas were selected for
analysis. Most papers that included studies
(n=48) and case studies (n = 6) were based on
secondary data, and most publications ad-
dressed northern regions, including the Arctic
(n = 20). A thematic qualitative analysis of
biological health risk factors was created by
synthesizing the available evidence.

Results. Biological risk sources, trans
mission patterns, and health risk factorsin the
Arctic. Most infectious diseases are endemic or
naturally focal in the Arctic, with limited spati-
otemporal dynamics. The exceptions are some
viral and bacterial infections, especially respira-
tory ones, the spread of which might be epi-
demic or pandemic.

Biological pathways, like migration of
people, wild birds, fish, insects, and marine
mammals, play a predominant role in transmit-
ting virulent pathogens to humans since they

161



V.P. Chashchin, N.V. Zaitseva, M.V. Chashchin, N.A. Sobolev, T.Yu. Sorokina, M.M. Shakirov

serve as primary reservoirs and carriers of se-
vere infectious diseases. Northern communi-
ties face the highest risk of infectious diseases
brought by visitors (fly in / fly out workers,
tourists [6].

The Arctic regions are especially vulner-
able to biohazards because of massive seasonal
trans-border and interregional migration of
wildlife, which includes more than 250 migra-
tory species. Many of these animals are also a
part of traditional diets of Arctic indigenous
populations (e.g., ducks, geese, swans, bird
eggs, salmon, freshwater eels, marine mam-
mals, and reindeer). Some of these species mi-
grate up to 5,000 km annually as vertical migra-
tion from south to north and backward. Still,
there is also a latitudinal form of migration, in
particular, of wild swans and commercial ma-

rine fish' [7-9]. Wild birds are established to be
able to transmit vectors of 20 zoonotic diseases
into the Russian Arctic (Table 1).

Seasonal migration into the Arctic is a
unique phenomenon of earthly nature. Twice a
year, billions of birds fly long distances around
the world and many species migrate along
broadly similar, well-established routes known
as flyways. Birds are the main reservoir and
carrier of some parasites, as well as respiratory
viruses, tick-borne encephalitis, Lyme disease,
tularemia, etc. Huge populations of coastal
birds, half of which breed in the Arctic, are
asymptomatic carriers of all types and combi-
nations of the influenza “A” virus neuramini-
dase. Strains of avian flu and coronaviruses
can undergo genetic recombination with
strains that affect humans [10, 11].

Table 1

Zoonotic infectious diseases that can be transferred to humans from migrating game birds
in northern areas

No. Disease ICD-10 code Pathogen descriptor

1 Other diseases caused by chlamydiae A74 Chlamidia psittaci

2 |Other salmonella infections A.02 Salmonella spp.

3 |Campylobacter enteritis A04.5 Campilobacter jguni

4  |Enteritis and Extraintestinal yersiniosis AO4S, A28 | YErSiShiapseudotuberculosis,
Y. enterocolitica

5  |Extraintestinal yersiniosis B30.8 Avian paramyxovirustype 1.

6  |Newcastle conjunctivitis J09.X Influenza A virus subtype H5N1

. Inﬂu'en?a due to ic‘lentiﬁed zoonotic or pan- AL5.0 Micobacterium avium

demic influenza virus

8  |Tuberculosis A04 Esherichia coli

9  |Other bacterial intestinal infections A329 Listeria monocitogenes

10  |Listeriosis J09 Orthomyxovirus

11 |Influenza A B58.9 Toxoplasma gondii

12 |Toxoplasmosis A07.2 Cryptosporidium spp.

13 |Cryptosporidiosis A07.1 Giardia spp.

14 |Lambliasis A28.0 Pasteurella spp.

15  |Pasteurellosis B96.5 Pseudomonas spp

16  |Diseases caused by blue pus bacilli B44.9 Aspergillus fumigatus

17  |Aspergillosis B39.9 Histoplasma capsulatum

18  |Histoplasmosis B45 Criptococcus neoformans

19  |Cryptococcosis B75 Trichindla nativa

'Wild Birds and Avian Influenza. An introduction to applied field research and disease sampling techniques: FAO Animal
Production and Health Manual No. 5. In: D. Whitworth, S.H. Newman, T. Mundkur, P. Harris eds. Food and Agriculture Or-

ganization of the United Nations, 2007, 123 p.
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Table 2

Human infectious diseases associated with birds and fur-bearing animals carrying infected ticks
and mosquitos in the Russian Arctic

No. Disease ICD-10 code Ectoparasite descriptor
1 |Central European tick-borne encephalitis A84.1 Flavivirus arthropod-borne viruses Orthobunyavirus
2 |Lyme disease (borreliosis) A69.2 Borrelia burgdorferi, Borrelia garinii, Borrelia afzdlii
3 |Tularemia A21 Francisdlatularensis
4 |Mosquito-borne viral encephalitis A3 Alphavirus, flavivirus, bunyavirus

Table 3

Bacterial zoonotic infections transmitted to humans through fish and other sea foods in the
Russian Arctic

No. Diseases ICD-10 code Pathogen descriptor
1 |Cutaneous mycobacterial infection A31.1 Mycobacterium marinum, M. fortuitum, M. chelonei
2 |Erysipeloid A26 Erysipdothrix rhusiopathiae
3 |Other bacterial intestinal infections A04. Carrpyl Ob.aCter .baCtm umVibrio, Edwardsiella,
Escherichia coli
4 |Salmonella enteritis A02 Salmonélla typhimurium
5 |Streptococcal and enterococcal infection A49.1 Sreptococcusiniae
6 |Listeriosis, unspecified A32.9 Listeria monocytogenes
7 |Pneumonia J15.0 Klebsiella pneumoniae

As estimated, there are between 75,000
and 300,000 helminth species parasitizing ver-
tebrates [12]. Wild bird species can absorb
pathogens such as Salmonella, Campyl obacter,
and Mycobacterium avium and spread these
pathogens to humans directly or through in-
fecting poultry, including drug-resistant forms
of these pathogens resulting from widespread
use of antibiotics in poultry farming [13-15].
More than 40 parasitic species live on birds, in
their nests, or in places where they camp. They
are associated with spread of several hundred
viral, bacterial, and parasitic agents. Such dis-
eases reported in the Russian Arctic include
encephalitis, smallpox, meningitis, and many
other diseases (Tables 1 and 2).

Ongoing and expected climate changes ag-
gravate the problem since they affect migration
routes, seasonality, and breeding areas of insects,
fish, birds, and mammals. For instance, birds
frequently carry such pathogens as endoparasites
like Toxoplasma gondii, and also ectoparasites
like ticks and fleas, viruses such as tick-borne
encephalitis and influenza, and bacteria causing
Lyme disease and tularemia, to name but a few.
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Wild migratory fish can transmit a range
of parasites to humans such as roundworms
(nematodes), flatworms or flukes (trematodes)
and tapeworms (cestodes) as well as some bac-
teria (Listeria, Aeromonas hydrophila, Campy-
lobacter bacterium Vibrio, Edwardsiella, Es-
cherichia coli, Salmonella typhimurium, Strep-
tococcus iniae and Klebsiella pneumonia)
[16, 17] (Tables 3 and 4).

Arctic-breeding migratory animals con-
stitute an important component of Arctic’s
traditional diets and thus may simultaneously
be a source of human exposure to bio-
accumulative environmental pollutants and
pathogens. To accurately define biosecurity
risk factors, specific groups of transmissible
bio-associated contaminants should be identi-
fied, e.g., metals, pesticides, pharmaceuticals
that can accumulate, magnify, or modify their
hazardous effects through biological path-
ways, particularly food chains. A better in-
sight into wild bird and fish migration pat-
terns and transmissible infectious diseases
can help predict and mitigate future outbreaks
and epidemics.
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Human health risks caused by biohazard
vary greatly depending on its origin and expo-
sure pathways. Transmission occurs through
inhaling airborne particles, vector-borne viru-
lent exposure, consumption of contaminated
food and water, and contact with wild and do-

mesticated animals (dogs, reindeer, or con-
taminated surfaces are most common in the
Russian Arctic) (Tables 5 and 6).

The focus on newly emerging and cli-
mate-sensitive infections in the Arctic has
grown over the past ten years. This applies to

Table 4
Parasitic diseases transmitted from fish to humans and animals
No. Disease ICD-10 code Pathogen descriptor Reservoir host
1  |Diphyllobothriasis B70.0 Diphyilobothrium latum Fresh water fish
2 |Opisthorchis B66.0 Opisthorchis fdineus Fresh water fish
3 |Anisacidosis B81.0 Anisakidae family Sea food
4  |Metagonimosis B66.8 Metagonimus yokogawai Fresh water fish
5 |Nanophyetiasis* B66.8 Nanophyetus schikhobalowi  |Fresh and sea water fish
6 |Dioctophimosis* B83.9 Dioctophyme renale Fresh and sea water fish

Note: * means a species is potentially invasive for

the Pacific coastal population in the Arctic.

Table 5

Zoonotic infectious diseases that can be transmitted to humans from wild vertebrates in the
Russian Arctic

No. Disease ICD-10 code Pathogen descriptor Reservoir host
1 |Rabies (hydrophobia) A82.9 Rabieslyssavirus Arctic foxes and wolves
2 |Brucellosis A23.9 Brucella abortus, B.suis Ungulates, foxes and bears

Echi Itiloculari
3 | c 1n.ococcus mg ilocularis B677
infection, unspecified

Echinococcus multilocularis |Arctic foxes and rodents

Table 6

Zoonotic infectious diseases that can be transmitted to humans from domesticated and
semi-domesticated animals in the Russian Arctic

No. Disease ICD-10 code Pathogen descriptor
1 |Other bacterial infections of unspecified site A49.8 Capnocytophaga canimorsus
2 |Campylobacter enteritis A04.5 Campylobacter jejuni
3 |Tuberculosis Al15.0 Micobacterium
4 |Listeriosis A32.9 Listeria monocitogenes
5 |Acute gastroenteropathy due to Norovirus A08.1 Norovirus
6 |Dermatophytosis, unspecified B35.9 Trichophyton, Microsporumz Epider mophyton.

7 |Giardiasis [lambliasis]

A07.1

Giardia duodenalis (also known as G. lamblia and

G. integtinalis)
Toxocariasis [visceral Larva migrans] B83.0 Toxocara canis

9 |Echinococcosis, other and unspecified B67.9 Echinococcus

10 |Bracellosis A23.9 Brucella abprtus Brucella canis melitensis,
Drucella suis

11 |Dipylidiasis B71.1 Dipylidium caninum

12 |Scabies B86 Sarcoptes scabiel

13 |Fascioliasis B66. 3 Fasciola hepatica
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zoonotic disease networks and research initia-
tives like an early warning system for climate
sensitive infections [18, 19].

The focus on newly emerging and cli-
mate-sensitive infections in the Arctic has
grown over the past ten years. This applies to
zoonotic disease networks and research initia-
tives like an early warning system for climate
sensitive infections [18, 19].

Infectious disease rates are highly vari-
able across the Arctic depending on a country,
disease, age, sex, and location. Yet, improved
sanitation, availability of qualified health care,
vaccinations, and education have reduced in-
fectious disease rates and health disparities
between indigenous and non-indigenous popu-
lations across the Arctic. Infections such as
tick-borne diseases (e.g., encephalitis and bor-
reliosis), tularemia, anthrax, vibriosis, brucel-
losis, rabies, insect-borne diseases (e.g., blue-
tongue), and the infections fascioliasis and
echinococcosis, which are relevant for humans
and/or animals living in northern regions, have
reduced considerably [20].

Climate change and biological risks. The
Arctic is warming because of climate change
and the temperature there is rising up to four
times faster than the global average [21].
Ongoing and expected climate changes are the
most significant factors making the problem
truly relevant. These changes can affect geo-
graphy of migration routes, seasonality, and
spawning areas of wild birds, fish, insects, and
animals.

The Arctic regions are at higher risk of
climate change affecting transmission patterns
of zoonotic and vector-borne infectious
diseases. Permafrost lands represent 2/3 of the
Russian territory and 11 million of the Russian
population reside in the Arctic region. Russia,
being the largest country in both the total Arc-
tic area and Arctic population, is of special
concern in terms of climate change-related
biological risks [22-25].

Fast-thawing permafrost is a pressing
Arctic-specific phenomenon that may release
a range of bacterial spores and viruses pre-

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308

served in frozen ground. As reported, the cli-
mate warming can cause remobilization of
viable (Paleo) pathogens and biological
toxins from old waste sites and buried car-
casses such as the spore-forming bacterium
Bacillus anthracis, Variola virus (smallpox),
Mycobacterium tuberculosis and other revivable
pathogenic viruses, spores, and fungi with
extremely long viability (up to 30,000 years)
[26-29].

Climatic changes may also benefit free-
living bacteria and parasites whose survival
and development are limited by temperature.
To appropriately address emergency issues,
there is a need for better integration among
agencies and organizations responsible for
monitoring zoonotic diseases and other bio-
logical risk factors.

Because of natural disasters (tsunamis,
typhoons, flooding, and others), a few million
tons of contaminated waste are washed into
the oceans every year from the southern
coastal regions, including persistent bacteria
and viruses, parasites, and other biohazards
capable of being transferred thousands of
kilometers away. As estimated, the earthquake
and tsunami on March 11, 2011, washed-out
5 million tons of debris in a single event. The
increase in debris influx to surveyed North
American and Hawaiian shorelines was sub-
stantial representing a 10-time increase over
the baseline [30].

Other Arctic biohazards for humans.
Microscopic algae and aquatic bacteria can
also pose great threats to human health be-
cause of their ability to produce marine toxins
(MTs). The most reported MTs include para-
lytic, amnesic, and diarrheal shellfish toxins,
cyclic imines, ciguatoxin, azaspiracids, paly
toxin, tetrodotoxins, and their analogs, which
can lead to severe and fatal outcomes since
these seafood products are a significant com-
ponent in diets typical for coastal human popu-
lations [31].

Annually up to 125,000 deaths and
400,000 amputations and other severe health
outcomes are registered globally. This includes
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infectious diseases due to animal attacks [32].
In Russia, according to long-term observations,
approximately 400,000 thousand people bitten
by animals apply for medical aid and 38.87 %
of them get bitten by wild animals (foxes, bats,
hedgehogs, badgers, and wolves)®.

In the Arctic regions, the highest rates of
appeal for medical care are observed in the
Republic of Sakha-Yakutia and the Yamal-
Nenets District (29.4 and 24.6 per 10 thousand
inhabitants, respectively). It is necessary to
pay more attention to prevention of human in-
juries, morbidities, and fatalities resulting from
wildlife in the Arctic biosecurity policy.

Lack of threat prevention and ineffective
security policy means that there are risks asso-
ciated not only with uncontrolled spread of
pathogens by natural pathways (e.g., because
of natural disasters) but also with possible de-
liberate actions (known as bioterrorism).

Factors affecting the risk of spread and
human resistance to infections. General ap-
proaches were suggested to explain preva-
lence of infectious diseases for a region as a
function of several factors including the im-
munization rate for vaccine-preventable in-
fectious diseases, access to safe water and
food, prevalence of human immunodeficiency
virus, availability of qualified health care and
personal susceptibility such as age, sex and
genetics’.

Malnutrition as a nutritional status of in-
fected people is an important factor signifi-
cantly influencing human susceptibility to in-
fectious diseases, the severity of their clinical
course and outcomes. As reported, deficiency
of vitamin D or selenium might decrease the
immune defenses against COVID-19 and
cause progression to severe disease [33, 34].

Prevention and control of micronutrient
deficiencies, particularly iron, iodine, sele-
nium, zinc, vitamin A, C, and D, which are
highly prevalent in the permanent population
of the Russian Arctic [35-38], should be con-
sidered an effective measure of counteraction
to socioeconomic losses associated with
transmissible zoonotic diseases in the Arctic.

Another point of biosecurity interest is the
long period of extreme cold weather in the
Russian Arctic regions at a mean daily tem-
perature below -10 °C (up to 9 months)*. Cold
exposure and low humidity pose a higher risk
of incidence, severity of clinical course, and
outcomes of respiratory tract infections [39,
40]. The Arctic-breeding migratory birds and
fish, constituting a very important part of the
Arctic traditional diet, may well have been a
vector and source of human exposure to bio-
accumulative environmental pollutants and
pathogens simultaneously. Many of those pol-
lutants, such as lead, mercury, arsenic, DDTs,
and PCBs, are known to be able to affect the
immune system, which leads to suppressed
human resistance against virulent pathogens’
[41, 42]. However, socioeconomic effects of
human exposure to pathogens and toxins that
can accumulate in food webs and spread
through the same biological pathways have not
been properly assessed yet.

Infectious diseases exert significant se-
lective genetic pressure and the genes in-
volved in the immune response are exqui-
sitely diverse [43]. These observations sug-
gest a powerful role of host genetic variability
in susceptibility to exogenous pathogens.
Prevalence of such diseases for a region is a
function of factors like the immunization rate
for infectious diseases that can be prevented

% Animal bites. WHO, 2024. Available at: https://www.who.int/news-room/fact-sheets/detail/animal-bites (August 19, 2024).

3 Rekomendatsii grazhdanam: Profilaktika beshenstva [Recommendations to citizens: Hydrophobia prevention]. The RF
Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing: official web-site, 2021. Available at:
https://www.rospotrebnadzor.ru/activities/recommendations/details.php? ELEMENT ID=20827 (August 19, 2024) (in Russian).

4 Climate in Siberia. Average weather, temperature, rainfall, sunshine. Climates to travel: World climate guide, 2023.
Available at: https://www.climatestotravel.com/climate/siberia (July 11, 2024).

> The capacity of toxic agents to compromise the immune system (biologic markers of immunosuppression). In book:
Biological Markers in Immunotoxicology. Washington (DC), National Academies Press (US) Publ., 1992, pp. 63-82. DOI:

10.17226/1591
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by vaccines, access to safe water and food,
comorbidity of immunosuppressing infections
such as HIV, availability of qualified health-
care, and personal susceptibility risk factors
like age, sex, and genetics.

The risk-oriented approach to mitigating
health effects associated with human exposure
to Arctic biohazards is still underdeveloped.
Schematically, such an approach is suggested
in Table 7, which summarizes the most impor-
tant socio-demographic, healthcare, and envi-
ronmental characteristics increasing popula-
tion vulnerability and the most vulnerable
groups to infections and other biohazards.

Conclusions and recommendations. The
following well-known phenomena, proven
facts and systemic problems are the basis for
future studies of biological risk assessment:

e Paradoxical is the fact that some para-
sites do not die when migratory birds leave a
certain area; ticks and other insect vectors are
looking for a new "host", often humans or pets.

e As for wild migratory fish, they can
transmit a range of parasites to humans, such
as roundworms (nematodes), flatworms or
flukes (trematodes), and tapeworms (cestodes),
as well as some bacteria. Opisthorchiasis is the
most prevalent parasitic disease spread by fish
in the Russian Arctic [44]. But the natural fo-
cal infection of listeriosis is the most severe

and damaging, even fatal®. It is an important
food-borne zoonosis caused by Listeria mono-
cytogenes, an intracellular pathogen with the
unique potential to spread from cell to cell,
thereby crossing blood-brain, intestinal, and
placental barriers.

e Shellfish, such as oysters, mussels, and
clams, are capable of bioaccumulating some
viral pathogens from polluted waters. Con-
sumption of contaminated shellfish can cause
gastroenteritis, respiratory illness, fever, and
viral hepatitis A and E [45].

e There have been comparatively few
biological invasions of Arctic waters. These
regions exhibit difficult environmental condi-
tions for both native and non-native species
due to their geographical isolation, cold wa-
ters, and presence of sea ice. However, the
observed and expected rise in water tempera-
tures resulting in sea ice melt because of cli-
mate change may increase the possibility of
invasive species that are not native to Arctic
waters [46].

e Migratory birds, fish, and animals may
have significantly contributed to the global
spread and pandemics of infectious diseases.
A better insight into wild bird and fish migra-
tion patterns and transmissible infectious dis-
eases can help predict future outbreaks and
epidemics. Currently, various agencies and

Table 7

Human susceptibility to biological risk factors and the most vulnerable population groups

Z
©

Factors and conditions that increase biological risk levels

A disease has a higher lethality coefficient

Qualified healthcare including vaccination is unavailable or limited

Exposure to factors that affect the immune system (chemical, physical, biological, pharmaceutical) and stress

Micronutrient deficiency (for example vitamins A, C, D, omega-3 fatty acids, iron, iodine and zinc)

High population density

A higher proportion of the most vulnerable age groups (> 65 and <5 years)

High poverty and unemployment rates

Pregnant women and nursing mothers

O[] Wn| | W=

People with chronic non-communicable diseases or immunosuppressive states

6 Listeriosis. WHO, 2018. Available at: https://www.who.int/news-room/fact-sheets/detail/listeriosis (July 05, 2024).
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organizations authorized to monitor zoonotic
diseases and other biohazards are not suffi-
ciently integrated to address emergency is-
sues. Experience gained through the ongoing
pandemic of SARS-CoV-2 shows that infor-
mation on regional and global transmission
risks of highly virulent infections to humans
appears to be incomplete or is not readily
available. A methodology for assessing and
predicting risks of spreading virulent patho-
gens in the Arctic has not been sufficiently
developed so far. Existing measures to con-
trol infections are mostly focused on human-
to-human transmission.

e Obviously, there is a high societal de-
mand to develop an Arctic biosecurity policy
considering interactive effects of environ-
mental multi-hazard exposures (chemical,
physical, dietary, and infectious), which are
spread through region-specific biological
pathways.

Following the knowledge gaps and chal-
lenges identified from the critical review and
analyses of published information sources, it is
necessary to propose recommendations for
improving the biosecurity system in the Arctic
regions:

a. Transmission risks of infectious dis-
eases related to human mobility in the Arc-
tic. To develop a system for surveillance and
mechanisms of communication and support
for more prompt and effective reactions to
people coming from other regions where in-
fectious outbreaks have been detected includ-
ing 1) immigration and job-related circulation
(fly-in / fly-out workers); 2) Arctic tourism,;
3) traditional harvesting activities, nomadic
lifestyles, rituals, and other human mobility
drivers [47].

b. Prediction of biological risk events.
There have been several attempts to develop
predictive models that describe how zoonotic
diseases occur and how fast they spread. The
key risk factors at the national level that may
predict three types of illnesses have been iden-
tified: 1) existing zoonotic diseases: land area,
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human population density, and area of forest;
2) emerging diseases: land area, human popu-
lation density, and the human development
index; 3) human diseases: high health expendi-
ture per capita, mean annual temperature, land
area, human population density, human devel-
opment index, and precipitations [48]. In this
study, the majority of Arctic nations were
categorized as having minimal likelihood of
spread of infectious diseases as regards these
risk factors.

Considering various biohazard exposures
that residents of the Arctic may encounter, it
would make sense to evaluate the overall
population risk associated with all recognized
biological factors. A model for similar cases
has also been suggested in the environmental
methodology [49].

We have slightly modified the quantitative
equation to adapt its description of probabili-
ties, risk factors, and human vulnerability for
multifactorial biohazard events (Equation 1):

1
Risk = Z(J‘RT\HE) Z( FzS\HE) '(N(ER\HE) 'V(ER\HE) )
0

where P(rng) is the temporal probability of a
certain biohazard exposure event (HE), such as
occurrence of endemic, re-emerging, and
emerging zoonotic and vector-borne diseases,
allergies, or an increase in a exposure to
chemical bioaccumulated in food chains up to
the level of toxicity;

P(gnHE) 1s the spatial probability that a par-
ticular populated area is affected by a certain
biohazard event;

NErne) 1s the number of people at risk
(the number of people who can be infected di-
rectly through natural reservoirs or indirectly
through contact with intermediate hosts);

VerHE) 1s the vulnerability of population
at risk to a biohazard exposure (as a value be-
tween 0 and 1 for each determinant of risk).

c. Additional measures to update the
Arctic biosecurity policy and practices. Addi-
tional measures on providing biosecurity in the
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Table 8

Qualitative biological risk assessment and basic management counteractions

Risk
level/impact

Expected counteractions

Very low

Biological risk is frequently judged acceptable. If appropriate, a possibility should be
considered to perform monitoring of relevant risk groups.

Low

Escalation should be taken into consideration while quickly reviewing countermeasures
to mitigate biological risk. It is necessary to inform appropriate public authorities and
municipal bodies about the risk and suggest relevant protection measures for the most
vulnerable population groups.

Moderate

Escalation should be taken into consideration while quickly reviewing countermeasures
to mitigate biological risk. It is necessary to inform appropriate public authorities and
municipal bodies about the risk and suggest relevant protection measures for the most
vulnerable population groups.

High

Immediate countermeasures are mandatory as well as creation of interdepartmental
groups on biohazard prevention and communication about the risk to appropriate pub-
lic agencies. It is mandatory to perform daily monitoring of risks and to provide medi-
cal observation of the total population living in a risk-exposed area.

Very high

A state of public healthcare emergency. To lessen the effects and/or prevent the catas-
trophic development of biological risk events, it is necessary to take immediate meas-

ures stipulated in the legislation that regulates public relations under emergencies.

Arctic should include the following specific
products, services and approaches to assessing
and preventing biological risks:

— A standards-based conceptual model of
and integrated data system to support the Arc-
tic biosecurity policy;

— Integration of a biosecurity incident re-
porting system into the context of Arctic pub-
lic healthcare practices;

— Risk prediction model for biohazard-
related chronic diseases and other health ef-
fects of high public importance for the Arctic
population;

— Human health risk stratification system
for Arctic biohazards;

— Framework for assessing sustainability
of public healthcare systems considering po-
tential pandemic or epidemic risks and expo-
sure to biotoxins;

— Implementation of biosecurity indica-
tors and health ranking criteria enabling
quantification of public healthcare protection

against biological hazards into the Arctic
policy;

— Development of a risk stratification sys-
tem addressing specific population manage-
ment challenges and matching biological risk
with levels of care;

— Implementation of international systems
for monitoring, predicting, and managing
health risks associated with spread of highly
virulent pathogens, parasites, and other bio-
logical hazards across the Arctic;

— A community-based information system
for biosecurity;

— Educational and training programs for
health care providers.

Recommendations on risk manageemnt
for biohazards are presented in the Table 8.
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