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Arctic Definition

High Arctic Low Arctic Sub Arctic
------- the Arctic Circle ( 66° 33" 44" North)

The Arctic Circle is the southernmost latitude in the Northern
Hemisphere at which the sun can remain continucusly above or
below the horizon for 24 hours

10°C Ju L.l‘y isotherm

defined as the area where th: temperature for the
warmest ()My)isbekm/IO'CI.":J.*a

——— Arctic AHDR boundary
Development Report

Arctic Human

== Arcuc EPPR boundary
ency Prevention,

Preparedness and Response

— Arctlc CAFF bounda

The Conservation of Arctic Flora and Fauna

. Arctic AMAP boundar

The Arctic Monitoring and Assessment

Arctic Tree line boundary
The northernmost latitude in the Northern Hemisphere where trees can
grow; farther north, it Is too cold all year round to sustain trees.

ARCTIC PORTAL
www.arcticportal.org




The Arctic Council v 4

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 stafus 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

3% EDITON

A QUICK GUIDE 2021/2022

https://oaarchive.arctic-council.org/items/5b1cf319-c3d0-427a-b874-78ce0e32bbad



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

Why is this important?
* Arctic - the Canary bird of the gldbe®

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



https://acp.copernicus.org/articles/7/4527/2007/acp-7-4527-2007.pdf
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AMAP Assessments show |

S s
That m’rer'na’rlonal and HGTIOHC(I pollu’rlon con’rr'ol
activities have been effective at reducing the levels
and ecosystem impacts of the chemicals they

regulate
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Arctic States have played a central role in this
success story




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



Permafrost zones

- Continuous
- Discontinuous

Isolated

Sporadic

Permafrost settlements
Inland settlements

Coastal settlements
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Hazard zones (2060, RCP 4.5)

Low

Medium

Ramage J et al, 2021. Populatlon living-on permafrost inthe Arctlc Popu/atlon and Environment,

Permafrost settlements

Permafrost settlements by 2060

¢  Permafrost settlements in 2017
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https://link.springer.com/article/10.1007/s11111-020-00370-6
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Saline permafrost
(silty clay, unfrozen
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AMAP Assessment 2020:

POPs and Chemicals of
EmergingArctic Concern:
Influence of Climate Change”

AMAP Assessment2021:
~ Human Health in the Arctic

5 | Deputy Secretary %d,«s A

peer-reviewed scientific
assessment reports

e 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

My deepest thanks to i
mario.acquarone@amap.no 1‘@ i
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IMPACTS OF SHORT- LIVED
CLIMATE FORCERS

ARCTIC CLIMATE
C_HA@S;E UPDATE 2021
EY NDS AND IMPACTS
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A personal take on science and society

World view

By Christian
Sonne

Joinforcesto counter

Arctic pandemic threat

Emerging disease risk is the fourth component
of aquadruple crisis brewing inthe Arctic.

he Arctic is under stress, that much is known.
Betweenl‘!?‘)andmll the region warmed four

he globalaverage, witheffects
—asyet poorly understood —on nsacolugy and

ability tostore carbon, on lsand
unmderucean-clrculatlunaudweatllerpattﬂns

Addin IJ'le:‘I’Fectsuf" i Yy Inssand llution, and

pleoftenref Lwechould

actuallybetalkmgatmutaquadruplecnsus Since starting
research in the Arcticin 1997, L have spent nearly all of my
summers there, monitoring changes in pollution levels,
habitatsand food webs using a‘One Health’ approach that
integrates effects onwildlife, humans and ecosystems. And
it'sbecoming clear that, as the Arctic warms, |Liem|mnmer|l

i les and human activities increase, new |
areemerging. Inpamcular,theAr::t is |Icelymbemmea
hotbed for: hat spill i
Dﬂ'lE(arllmals.Tlmulul illofus bythe
COVID-19 pand i } iouslythe possibility
that the next pandemic could come i b

Some60%of el inginfectious di zoonotic.

Their emergence and spillover is in general highly inter-
linked with habitar degradation, biodiversity loss and food-
wehb changes — all of which are present in the Arctic. But
awarming Arctic harbours other risks. As sea ice thaws,

‘forever chemicals’ are increasi ing transported into
Arcu:enwmnmems.'l‘hesemctudemelculy. per-andpoly-
dpolyc {biphenyls, all

known to modulate human and animal immune systems
and increase vulnerability to respiratory infections. Inva-
sive fish and whale species are also bringing in industrial
chemicals and their i

The path enter an envi in which some
native species, such as polar bears (Ursus maritimus), have
not been exposed to them, and so are at increased risk.

The release ufanclem mll:ruurgamslns long frozen inice
d sedii ddstothisd

humans and other wildlife are kely tolack any i mmune
defences against them.

These risk factors are set to increase. The first ice-free
Arcticsummers could come as early as the 2030s. The Arctic
Ocean has huge potential for energy, fishery and tourism
sectors, and is notsubject to any global lreary regulzmng
its itation. Further wildlife dis
overfishingand jurisdictional conflicts arelhellkcly result.

The current perception is that the Arctic possessesrel-
atively low microbial activity. Compared with temperate
and tropic i many fewer resourc

10 | Nature | Vol 633 | 5 September 2024

dd

Compared
with
temperate
and tropical
latitudes,
many fewer
resources
aredevoted
tostudying
zoonoses in
the Arctic.”

Christian Sonne

Is a professor in

the Department of
Ecoscience at Aarhus

University in Roskilde,

Denmark.

e-mail: cs@ecos.
au.dk

o studying zoonoses in the Arctic, with sparse surveil-
lance for emerging threats in most areas. This needs to
change — taking account of human, animal and wider envi-
ronmental perspectives.

When it comes to logistics, low-tech is high-tech in the
Arctic. On the human side, Canadian researchers have
already started taking samples from sewage and other
sources that can easily beanalysed for the presence of viral
pathogens. This kind of approach should be combined with
better access to community health care, clinical inspec-
tions and consultations with local doctors. A particular

flash pointis the handlingand ption of raw ordried
animal meatin i i ities. Hygiene
l:uurses.mcal inspection and better disease surveillance
level hipwiththosec itiescan help

toboth suslamfoodsecurlryand preventspillover events.
On the wildlife side, long-term finance is needed for
yeaﬂy and seasnnal su rveillance programmes ‘Ihese
withlocalc
e)ustmg technigues that don’t rely on technologies such
as cryogenics and so are easy to use in situ. Such activi-
ties cuuldbe embedded into the ongoing Arctic Cuum:ll
g and prog ong
biodi i cli i laidout in the council's
’Cln.enrnir: One Health’ project.
On lhe broader environmental front, efforts to reduce
d biodiversity and redul:e green-
housev_ issions through inter
play their part. Efforts spearheaded by various Arctic
Council working groups, and other initiatives such asthe
ongoing negotiations for a United Nations-backed treaty
on plastic pollution, show how interg: 1 and
interdisciplinary collaboration across public health, bio-
diversity conservation, pollution and food security can
helpwith achieving sustainability.

To make a true difference, there is need for a broader
Arctic monitoring and assessment plan, underpinned by
treaty, that combines surveillance of pollution and of dis-
ease. Thisis currently difficult to achieve through the Arc-
tic Council, given the absence of Russia and Russian data
since the country’s invasion of Ukraine in 2022. A better
opportunity to blish a holistic und ling and
action plan might be afforded by the pmpmed pandem—

ic-p il treaty, currently under ionatthe
WulldHcaIthOrgamzatlDrL'l‘hls could buildon :hceﬁ'urls
of almost 200 globally ized One Health

including those inthe Arctic.

Action must be taken now. Ifitisn't, it will become more
difficult to mitigate wildlife interactions and diagnose,
treat and isolate people with an infection — and the risk
of a future pandemic with an Arctic ground zero will only
increase.
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HIGHLIGHTS GRAPHICAL ABSTRACT

« Pollution, climate change and biodiver-
sity loss aggravate zoonoses trans-

mission in the Arctic. A
o2 i is elevated for (o e
Arctic people in close contact with ani- o g
mals, organs and tissues.

e About three-quarters of all known

human ! d are it

including Arctic ones.

« Health care and public health services
are limited in remote circumarctic
regions.

o There is a need to enhance awareness
and manage Arctic zoonoses with

pandemic potential.

e "



Zoonotic diseases
observed in the Arctic

Some environmental
contaminants cause
immunosuppression

PFAS/CV-19

CDV, PDV
Calicivirus




Origins of major human infectious diseases

Risk of a pandemic disease !

MATURE[Vol 44717 May 2007 REVIEWS

Transmission
Stage to humans

Stage 5:
Q ?_ Reservoir host
human agant humans
Stage 4: ) From animals
long outbreak Q @ or {many cycles)
humans

Stage 3: From animals
limited or {few cycles)
outbreak humans

e ﬂl*! _ Spill-over host
=L . ‘ O ‘

agent only MNons

in animals

Rabies Ebola Dengue HIV-1 M
Figure 1| lustration of the five stages through which pathogens of process, ranging from rabies (still acquired only from animals ) to HIV-1
animals evolve to cause diseases confined to humans. (See Box 1 for (mow acquired only from humans).

details.) The four agents depicted have reached different stages in the

Wolfe ND. et al. Nature Vol 447j17 May 2007
https://omc.ncbi.nim.nih.gov/articles/PMC7095142/



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

One Health - PPP (2010)

Comparative Immunology, Microbiology and Infectious Diseases 36 (2013) 241-248
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A “One Health” surveillance and control of brucellosis in developing
countries: Moving away from improvisation
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A Prevalence Prevalence
Tyrannidae
Turdidae
Sulidae
Slyvioidea Goose excreta B ;
Scolopacidae m 4

Swan excreta

Shorebird excreta

Gull excreta FE—————

Regulidae
Procellariidae Duck [misc.) excreta T——— ﬂ

Podicipedidae Lake/pond water
Picidae ) }
Phasianidae — I Seroprevalence

Phalacrocoracidae Ursidae s ”
Parulidae Phocidae
Paridae
Odobenidae mummn Ty

Motacillidae
Laridae me— Monodontidae -\

Laniida Cervidae
Hirundinidae
Hydrobatidae Canidae 1 -t
Haematopodidae b Balaenidae
Gruidas 0% 2% 4% 6% 8% 10% 12% 14% // 35%
Gaviidae
Fringillidae
Falconidae

Emberizidae

Corvidae 900
Charadriidae Alaska o " -
Certhiidae

Anatidae Mergini me— ﬁ ... Russian Arctic

Anatidae Cygnini m—
Anatidae Aythyini
Anatidae Anserini —— -d'

Gass et al. Epidemiology and Ecology of Influenza A Viruses among Anatidae fnat, Aretnd ﬁ

Wildlife in the Arctic. Viruses 2022, 14, 1531. Alcidae  m— ,‘ " ..
https://doi.org/10.3390/v14071531 - Aocipitridae North West European

0% 2% 4% 6% 8% 10% 12% Atlantic Arctic

*\ Canadian Arctic



https://doi.org/10.3390/v14071531

HPATI in (HB5N1) in Northern Gannets (Morus bassanus)
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Lane et al. High pathogenicity avian influen £l T
H5N1 ) in Northern Gannets: Global spread,
clinical signs, and demographic consequences.
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https://onlinelibrary.wiley.com/doi/10.1111/ibi.13275
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with special emphasis on Hooded Seals (Cystophorus cristatata)

Not Just Another Brucellosis Story !



Marine mammal Brucella species

Infermmtional Jourral of Spsfematc and Evolibomry Membobgy (2007) 57, 2685-2603 DO 10009950 652690

Brucella ceti sp. nov. and Brucella pinnipedialis sp.
nov. for Brucella strains with cetaceans and seals

as their preferred hosts Gross pathology to date only seen in

Geofirey Foster,' Bjorn S Osterman,” Jacgques Godiroid®
lsabelle Jacques®® and Axel Closckasrt® cefaceans
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The hooded seal

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")

Hooded Seal Range

Reproduction:
- Gives synchronized birth to a single pup in the

b

spring A |
- Pups are approximately one meter long at birth Pr e
and 25 kg . ? :e.t & : IR |

y oo Lactation: four days!
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Hooded seal populations

- The Northwest
Atlantic population

The Northeast
Atlantic population

- Increased since Estimated
the 1980s population size

- Estimated | g creenion 0 ' prior to 1940; 575
population size in Y 3 N 000
2005; 593 500

- .a - Estimated
r‘ population size in
2011; 85 000
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1111111

S % 31 —35 %

—_—

38 %

No observed pathology...
Age-dependent serological and
bacteriological pattern...

No indication of vertical
transmission....

Not able to
sustain the
infection in
the population



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

The hallmark of brucellosis is chronicity

Assessed in gentamycine protection assays in

macrophages
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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 IT, CD11c)
Phagocytosis
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Alveolar macrophages, hooded seal

A IVCOIGr‘ mac rophages ; LysoTracker Red

12891 M83/07/1 ==12890 B17 —@=B. suis 1330
4.5

anti-Brucella
*

log CFU/well

LysoTracker Red

1.5h 7h 24 h 48h , S o anti-Brucella

OPEN B ACCESS Freely available online ‘O'PLOS | oxe

Entry and Elimination of Marine Mammal Brucella spp. by
Hooded Seal (Cystophora cristata) Alveolar Macrophages
In Vitro

Anett K. Larsen'?, Ingebjerg H. Nymo'?, Preben Boysen®, Morten Tryland'?, Jacques Godfroid™? -

anti-Brucella
1 Section for Arctic Veterinary Medicine, Department of Food Safety and Infection Biclogy, Norwegian School of Veterinary Science, Tromse, Norway,
2 Member of the Fram Gentre, High North Research Centre for Climate and the Environment, Tromse, Norway, 3 Section for Microbiclogy, Immunology, and
Parasitology, Department of Food Safety and Infection Biology, Norwegian School of Veterinary Science, Oslo, Norway

https://pme.ncbinlm nih.gov/articles/PMC3869908/



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

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

= |nfection of mice with B. pinnipedialis while exposed to PCB 153

Infected with
B. pinnipedialis

| Exposed to I _ '
PCB 153 | Infected with B. suis
Infected |

with ~1x10° Negative control

Brucella spp.
intraperitoneally

PCB 153 in the
food (4.08

food

Infected with
B. pinnipedialis

.
Py -

4

- Not exposed to
_ PCB 153

Infected with B. suis

\

Negative control


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

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

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

- Themice 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

PSS

o B.suis o B. pinnipedialis

o B. suis o B. piﬁnipedialis ; e s —
, . . ® B. suis + PCB153 m B. pinnipedialis + PCB153
® B.suis + PCB153 m B. pinnipedialis + PCB153 B 0 a0
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o i) i)
53 te
%
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Weeks pi

Weeks pi



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

Conclusions

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
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Experimental Challenge of Atlantic Cod
(Gadus morhua) with a Brucella pinnipedialis
Strain from Hooded Seal (Cystophora
cristata)

Ingebjorg Helena Nymo', Marit Seppola®, Sascha Al Dahouk®*, Kathrine
Ryvold Bakkemo®, Maria Pilar Jiménez de Bagiiés®, Jacques Godfroid', Anett
Kristin Larsen'*

1 Arctic Infection Biology, Department of Arctic and Marine Biology, UiT-The Arctic University of Norway,
Tromsg, Norway, 2 Department of Medical Biology, UiT-The Arctic University of Norway, Tromsga, Norway,
3 Federal Institute for Risk Assessment, Berlin, Germany, 4 RWTH Aachen University, Department of
Internal Medicine Ill, Aachen, Germany, 5 PHARMAQ AS, Oslo, Norway, 6 Unidad de Tecnologia en
Produccién y Sanidad Animal, Centro de Investigacion y Tecnologia Agroalimentaria (CITA), Instituto
Agroalimentario de Aragén—IA2 (CITA-Universidad de Zaragoza), Zaragoza, Spain

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

- — -



In vivo infection

60 fish, 1 week,

6orl5° C

Acclimatization Infection

Analysis of:
v’ Bacterial colonization of organs
v" Immunoglobulin response

v' Cytokine genes expression




logCFU/gram tissue +/- STDEV

Head kidney

logCFU/gram tissue +/- STDEV

Infection,
day 0

s

Sampling,
day 1

Dz

Sampling,
week 1

>

Sampling,
week 2

Sampling, Sampling,
week 3 week 5

Sampling,
week 7

e S



Naturally acquired human infection with
Brucella species from marine mammals

RESEARCH ARTICLE
- Characterisation of North American Brucella
~ isolates from marine mammals
4 P 4 = Adrian M. Whatmore' *, Claire Dawson’, Jakub Muchowski', Lorraine L. Perrett’,
I = Emma Stubberfield', Mark Koylass', Geoffrey Foster?, Nicholas J. Davison?,
% . % Christine Quance®, Inga F. Sidor*"?, Cara L. Field**®, Judy St. Leger®
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National Veterinary Services Laboratories, USDA-APHIS, Ames, lowa, United States of America, 4 Mystic
Aquarium & Institute for Exploration, Mystic, CT, United States of America, 5 SeaWorld Parks and
Entertainment, San Diego, CA, United States of America
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Isolates of Brucella suis biovar 4 from animals
and humans in Canada, 1982-1990

Lorry B. Forbes
v Tl T . T ™ I WL ™ - ‘
Table 1. Summary of tissues from which B. suis biovar 4 was isolated®
Gross lesion
Tissue Suppurative®*  Nomsuppurative  Noi described  Total  Species <
P Carpal joint 9 12 9 10 29 caribou, | muskox
c// . ) Lymph nodes 2 28 30 7 ﬂ.t‘%'hou, 23 t:d.ndeer
. « Brucellosis: Answers to Frequently Asked Questions Testicle 15 l : 2118 caribou, 2 reindeer, 1 muskox
3 b3 . Joints other 7 2 6 15 14 caribou, | human
3 2 Center for Climate and Health than carpus
% 0 ) 04.- Blood 10 10 All h‘ur_nan
""'ﬂ.m co‘t" Michael Brubaker MS, James Berner MD, Jay Butler MD, Michael Bradley DVM i'"::rmnr;ﬂ;;ﬁmm 3 , 3 :I:dm:ll caribou
CCH Bulletin No. 6, November 30, 2010 Epididymis Fl 1 5 All caribou
Abscessed muscle 3 3 All caribou
Liver 1 2 3 All caribou
. . ) . i ) i i ) Kidney 1 1 Caribou
This bulletin describes brucellosis, an infectious disease caused by bacteria found in some land Uterus 1 1 Caribou
and sea mammals, including species that are important food resources. As climate change is Placenta 1 1 Caribou
providing new opportunities for the spread of infectious disease, ANTHC developed this bulletin Abscess of rumen wall 1 1 Caribou
b to provide prevention guidelines and answer some commonly asked questions. The risk of *One hundred culture-positive cases of caribou, reindeer, muskox, and human origin. Some cases had more than one positive tissue
infection from brucellosis is thought to be low, but it can be a serious illness. This information *Classed as suppurative if any of the following terms were used in describing the lesion: abscess, pus, purulent, suppurative

can help Alaska Natives reduce risk while continuing to enjoy a healthy, subsistence diet.

/PMC1481085/pdf/canvetj00072-0048.pdf
’

tps://pmc.ncbi.nim.nih.

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



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
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Extended ecological niche ?

Only serological evidence — No Brucella spp. Isolation !
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One Health Discourses / Narratives

* The first discourse of fers 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
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1 o e i Views from many worlds: unsettling

PHILOSOPHICAL TRANSACTIONS categories in interdisciplinary research
Sef e Slio i Ben S AL on endemic zoonotic diseases

BIOLCGICAL SCIENCES

Hayley MacGregor and Linda Waldman

One Health for a changing world: zoonoses, ecosystems and human
well-being

Thome issua compiied and adtod by Ancraw Cunmingram, an Scoones and Jamas Wood

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

ROYAL nature:culture cannot be
SOCIETY assumed

PUBLISHING
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Why infectious disease research needs community ecology

Pieter T. J. Johnson'"’, Jacobus C. de Roode?, and Andy Fenton?
'Ecology and Evalutionary Biology University of Colorado Boulder CO 80309 USA

?Department of Biology Emory University Atlanta GA 30322 USA
Jnstitute of Integrative Biology University of Liverpool Liverpool L9 7ZB UK

Abstract
Infectious diseases often emerge from interactions among multiple species and across nested
levels of biological organization. Threats as diverse as Ebola virus, human malaria, and bat white-
nose syndrome illustrate the need for a mechanistic understanding of the ecological interactions
underlying emerging infections. We describe how recent advances in community ecology can be
adopted to address comtemporary challenges in disease research, These analytical tools can
identify the factors governing complex assemblages of multiple hosts, parasites, and vectors, and
revedl how processes link across scales from mdividual hosts to regions. They can also determine
the drivers of heterogeneities among individuals, species, and regions to aid targeting of control
strategies. We provide examples where these principles have enhanced disease management and

illustrate how they can be further extended.

Disease ecology Community ecology
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Fig. 2. Ecological hierarchies applied to host-parasite interactions and analogous processes in
community ecology

The range of scales includes within-host (“parasite infracommunity,” often dominated by
parasite-parasite and parasite-immune system interactions); between-host (“parasite
component community,” population biology); among species (“parasite supracommunity,”
community ecology); and across regions (macroecology and disease biogeography). The
different colored squares represent different parasite species; the text at the right and left
highlights the relevant processes from community ecology and disease ecology. respectively.
The potential importance for interactions and feedback across these scales represents an

essential research frontier in the field of discase community ecology.



One of my brucellosis narrative...

Copyright Department of Veterinary Pathology;
Western College of Veterinary Medicine

Brucella suis biovar 4
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