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https://oaarchive.arctic-council.org/items/5b1cf319-c3d0-427a-b874-78ce0e32bba4

Is the leading intergovernmental forum 
promoting cooperation, coordination and 
interaction among the Arctic States, 
Arctic Indigenous Peoples and other 
Arctic inhabitants on common Arctic 
issues, in particular on issues of 
sustainable development and 
environmental protection in the Arctic. 
It was formally established in 1996.

All Arctic Council decisions and 
statements require consensus of the 
eight Arctic States.

Six organizations representing Arctic 
Indigenous Peoples have status as 
Permanent Participants. This category 
was created to provide a means for 
active participation of the Arctic 
Indigenous Peoples within the Council.

The Arctic Council

https://oaarchive.arctic-council.org/items/5b1cf319-c3d0-427a-b874-78ce0e32bba4


• Arctic – the Canary bird of the globe

• Arctic – the sensitive indicator
• Transportation by air and sea

• Magnification through food webs

• Arctic Amplification
• The Arctic warms 3 times faster than 

global average
• Some of the fastest rates of ocean 

acidification 

• What happens in the Arctic affects the 
world

Why is this important?



Eckhardt et al. 2007 Atmos Chem Phys 7: 4527-4536
Chem Phys 7: 4527-4536

https://acp.copernicus.org/articles/7/4527/2007/acp-7-4527-2007.pdf

https://acp.copernicus.org/articles/7/4527/2007/acp-7-4527-2007.pdf


That international and national pollution control 
activities have been effective at reducing the levels 
and ecosystem impacts of the chemicals they 
regulate

Arctic States have played a central role in this 
success story

AMAP Assessments show



However 

Pollution threats to the Arctic are continually evolving, 
new chemicals of emerging Arctic concern add to existing 
threats from chemicals such as mercury and POPs

Legacy chemicals and mercury continue to pose a 
significant concern for effects on the health of Arctic 
biota and ecosystems



Oulun yliopisto

Ramage J et al, 2021. Population living on permafrost in the Arctic, Population and Environment, 
https://link.springer.com/article/10.1007/s11111-020-00370-6

 

PERMAFROST THAW: SETTLEMENTS

2017

2060

https://link.springer.com/article/10.1007/s11111-020-00370-6


Oulun yliopisto

PERMAFROST THAW: DRINKING WATER, FOOD

Drinking water, Greenland
Adapted from Foged and Ingeman-Nielsen, 2008

Mapping environmental 
suitability for anthrax 
reemergence in the Arctic

Mercury in soil
Schester et al., 2018

Stella et al, 2021
Stella et al, 2020



PERMAFROST THAW: CONTAMINATED SITES

Langer et al., Thawing permafrost poses environmental threat to thousands of sites with legacy 
industrial contamination, Nature Communications, 2023, 14:1721, https://doi.org/10.1038/s41467-
023-37276.



• Summaries for Policy Makers (SPM’s)

• Monitoring programmes and guidelines 
(harmonization)

• Advice to the Arctic Council and Senior 
Arctic Officials

• Advice/data to international organs - IPCC, 
Stockholm, Minamata, Air Convention, 
WHO and others

peer-reviewed scientific 
assessment reports

My deepest thanks to
mario.acquarone@amap.no

Deputy Secretary

mailto:mario.acquarone@amap.no


Multiple stressors
Interactions of pollution and climate

FUTURE PERSPECTIVES

Contaminants
Pathways and consequences for human health and 
ecosystems





Zoonotic diseases 
observed in the Arctic

Giardia

Trichinella

Toxoplasma 
gondii

Hydatid 
disease

Echinococcus

Rabies

CDV, PDV
Calicivirus

Influenza A

Micrococcus, 
Staphylococcus

Tularemia

Mycoplasma

Brucella spp.

Q-fever

Some environmental 
contaminants cause 
immunosuppression

PFAS/CV-19



Origins of major human infectious diseases

Wolfe ND. et al. Nature Vol 447j17 May 2007

https://pmc.ncbi.nlm.nih.gov/articles/PMC7095142/

Risk of a pandemic disease !

Spill-over host

Reservoir host

https://pmc.ncbi.nlm.nih.gov/articles/PMC7095142/


While the general concepts are now 
well accepted, how to implement the 
One Health concept is still not clearly 
understood.

A global surveillance and control system 
that is established primarily for 
emerging infectious zoonotic diseases 
with pandemic potential can be readily 
improvised to address the endemic 
diseases that are a priority in many 
developing countries, few of which have 
the capacity or resources necessary to 
monitor or control them effectively.

Juergen Voegele

Director, Agriculture and Rural Development

The World Bank

One Health – PPP (2010)



INFLUENZA A VIRUSES

Gass et al. Epidemiology and Ecology of Influenza A Viruses among 
Wildlife in the Arctic. Viruses 2022, 14, 1531. 
https://doi.org/10.3390/v14071531

https://doi.org/10.3390/v14071531


HPAI in (H5N1) in Northern Gannets (Morus bassanus)

Lane et al. High pathogenicity avian influenza ( 
H5N1 ) in Northern Gannets: Global spread, 
clinical signs, and demographic consequences. 
IBIS September 2023
https://onlinelibrary.wiley.com/doi/10.1111/ibi.13275

2022

https://onlinelibrary.wiley.com/doi/10.1111/ibi.13275


Brucella spp. infections in Marine Mammals 

with special emphasis on Hooded Seals (Cystophorus cristatata)

Not Just Another Brucellosis Story !



Marine mammal Brucella species

B. ceti

B. pinnipedialis

Gross pathology to date only seen in 
cetaceans

Guzmán-Verri et al. 2012. Brucellosis in cetaceans. Front Cell Infect Microbiol



- Pelagic and migratory species 

- 2.2 – 2.5 meters long, 200 – 300 kg

- Silver grey colour, irregular black spots, black 
face

- Characteristic nasal sac in males (“hood”)

Reproduction:

- Gives synchronized birth to a single pup in the 
spring

- Pups are approximately one meter long at birth 
and 25 kg

- Lactation: four days!

The hooded seal



Hooded seal populations
- The Northwest 

Atlantic population

- Increased since 
the 1980s

- Estimated 
population size in 
2005; 593 500 

- The Northeast 
Atlantic population

- Estimated 
population size 
prior to 1940; 575 
000 

- Estimated 
population size in 
2011; 85 000
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No observed pathology…
Age-dependent serological and 
bacteriological pattern...
No indication of vertical 
transmission....

Not able to 
sustain the 
infection in 
the population



The hallmark of brucellosis is chronicity

Assessed in gentamycine protection assays in 
macrophages

Are hooded seals the preferred
hosts for B. pinnipedialis HS?



Alveolar macrophages, hooded seal

BAL performed on sacrificed hooded seals, 1 – 3 h post mortem

Alveolar macrophages identified by:

• Culture morphology

• Expression of membrane markers assessed by

flow cytometry and immuncytochemistry

CD14

CD18

(MHC II, CD11c)

• Phagocytosis



Alveolar macrophages, hooded seal

Alveolar macrophages

https://pmc.ncbi.nlm.nih.gov/articles/PMC3869908/

https://pmc.ncbi.nlm.nih.gov/articles/PMC3869908/


Exposed to         
PCB 153

Infected with                         
B. pinnipedialis

Infected with B. suis

Negative control

Not exposed to 
PCB 153

Infected with                         
B. pinnipedialis

Infected with B. suis

Negative control

Photo: Birte Graeber, VI.

B. pinnipedialis + PCB 153 in the mouse model = Double trouble?

Infection of mice with B. pinnipedialis while exposed to PCB 153

Infected 
with   1̴x106 

Brucella spp. 
intraperitoneally

PCB 153 in the 
food (4.08 µg/g 
food, ~0.49 µg/g 
bodyweight/day)

Nymo et al., CIMID 2014 https://doi.org/10.1016/j.cimid.2014.01.005

https://doi.org/10.1016/j.cimid.2014.01.005


33

CFU spleen
- Typical pattern for B. suis 1330
- B. pinnipedialis showed a declining trend
- No effect of exposure to PCB 153

Spleen mass
- Typical pattern for B. suis 1330
- The mice infected with B. pinnipedialis had low spleen weights at all 

times pi
- No effect of exposure to PCB 153

Absence of significant inflammatory reaction or granulomas in the spleens 
of the  B. pinnipedialis infected mice unexposed and exposed to PCB 153

Weeks pi Weeks pi

B. pinnipedialis + PCB 153 in the mouse model = Double trouble?

Nymo et al., CIMID 2014 https://doi.org/10.1016/j.cimid.2014.01.005

https://doi.org/10.1016/j.cimid.2014.01.005


Seals are not the preferred host for B. pinnipedialis, but 
rather a “dead-end” or spillover host being susceptible to 

infection derived from other sources in the marine 
environment 

Conclusions



Reservoir in 

the marine 

environment



In experimental challenge, Atlantic Cod (Gadus morhua) 
can sustain a B. pinnipedialis infection



In vivo infection

Acclimatization Infection
Sampling 

day 1
Sampling 

day 7
Sampling 
day 14

Sampling 
day 28

60 fish, 1 week, 

6 or 15 °C
Feeding ad libitum

Analysis of:

✓ Bacterial colonization of organs

✓ Immunoglobulin response

✓ Cytokine genes expression



Acclimatization
Infection, 

day 0
Sampling, 

day 1
Sampling, 

week 1
Sampling, 

week 2
Sampling, 

week 3
Sampling, 

week 5
Sampling, 

week 7

Day 1:

1 dead

Day 9:

1 dead

Day 7:

1 dead
Day 13:

1 dead

Day 14:

1 dead

Day 20:

1 dead
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No isolation of 
Brucella from all 
the dead fish !



Naturally acquired human infection with 
Brucella species from marine mammals

- Consumed raw snapper
- Regular contact with 

uncooked fish bait
- No contact with marine 

mammals
- Spinal osteomyelitis

- Had consumed raw 
shellfish

- Swam in the Pacific 
Ocean

- No contact with marine 
mammals

- Neurobrucellosis

McDonald WL et al. (2006) Characterization of a Brucella sp. strain as a marine-mammal type 
despite isolation from a patient with spinal osteomyelitis in New Zealand. J Clin Microbiol 44: 
4363-4370. Sohn AH et al. (2003) Human neurobrucellosis with intracerebral granuloma caused by 
a marine mammal Brucella spp. Emerg Infect Dis 9: 485-488.

The known host range of ST27 was extended with the 
identification of this ST from California sea lion samples.

Human cases: 
only sequence type (ST) 27



Documented uman brucellosis cases in the Arctic

https://www.anthc.org/wp-content/uploads/2016/01/CCH-Bulletin-No-6-Brucellosis.pdf

https://pmc.ncbi.nlm.nih.gov/articles/PMC1481085/pdf/canvetj00072-0048.pdf

https://www.anthc.org/wp-content/uploads/2016/01/CCH-Bulletin-No-6-Brucellosis.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC1481085/pdf/canvetj00072-0048.pdf


Tryland M., Derocher A. E., Wijg O., Godfroid J., 2001. Brucella antibodies in polar bears (Ursus maritimus) from Svalbard 

and the Barents sea. Journal of Wildlife Disease, 37: 523-531.

Extended ecological niche ?

Only serological evidence – No Brucella spp. Isolation !



One Health Discourses / Narratives

• The first discourse offers a broad argument for a holistic, integrated 
approach: ecology, animals, people and diseases

• A second discourse focuses on the risks of emergence and spread of 
diseases

• The third discourse focuses on the potential economic benefits of 
implementing One Health approaches

• There is a marginalisation of alternative narratives rooted more in local 
ecological and disease contexts, and voiced by people living with, and 
responding to diseases



Thinking differently with and 
about animals and about species’ 
boundaries could enable ways of 
addressing zoonotic diseases
which have closer integration 
with people’s own cultural norms 

If we can bring this kind of 
knowledge into One Health 
debates, we find ourselves with 
a multiplicity of worldviews, 
where bounded categories such 
as human:animal and 
nature:culture cannot be 
assumed





One of my brucellosis narrative…

Brucella suis biovar 4

Thank you
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