Disease as a confounding
problem and the need for
surveillance
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dr. med. vet., Dipl. ECZM (Wildlife Population Health)

o Norsk institutt for naturforskning

-

s
TR LD b IR NPy —
e ag\;; \ __;-E-A e e e EE s, "?/'j\ //'\.-":
2y - I e = ..
z o \/f-ﬁ X 3 3
* ] g &




e individual

e syndromes

e aset of medical signs
and symptoms that are
correlated with each
other and, often, with a
specific disease.

e diagnose — intervene — cure

population

parameters and variables

collect data — analyse —
describe — increase

Avicenna = lbn-Sina
(980-1037 e.Kr) —
bilde fra Wikipedia

knowledge
apply (?)
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arrogant jerk!

- mutual feeling between professions that «they are working
with something that is totally different from what we are
dealing with»?

- competition and arrogance between departments, directorates,
public services, scientific institutions, professions and
individuals...SECTORIZATION
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Deadly contagion + international transit hub = bad news.
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SMUGGLED BUSHMEAT COULD SPARK A U.S. EPIDEMI

The ongoing outbreaks of Ebola in West Africa continue to devastate Liberia, Sierra
Leone, and Guinea, and recently caused a national emergency in Nigeria—as of
August 28, the Centers for Disease Control was putting the suspected and
confirmed case count at 3,069, including 1,552 deaths. But in the last few days,
with the virus entering Senegal and health workers discovering a fresh outbreak in
Migeria, global health groups such as the World Health Organization are getting
Increasingly strident with their concerns. On Sunday, WHO officials called Ebola's
arrival in Senegal "a top priority emergency.” On Tuesday, Joanne Liu,
international president of the global health organization Doctors Without Borders,
warned the United Nations that the world was "losing the battle to contain” the
disease. "Leaders are failing to come to grips with this transnational threat," she
said.
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OneHealth

* Recognizing the inadequacy of a purely «medical»
scientific approach to emerging diseases and other
«new» health problems
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Human health, welfare and
quality of life is inextricably
linked to the health of the

animals and the ecosystems

we share.




People, Pathogens and Our Planet

Volume 1: Towards a One Health Approach for
Controlling Zoonotic Diseases




Need for Enhanced Environmental Representation
in the Implementation of One Health

Meredith A. Barrett'~' and Timothy A. Bouley”

"Robert Wood Johmsan Foundation Health and Society Scholars Program, University of California San Francisco, San Francisco, CA
‘University of California Berkeley, School of Public Health, Berkeley, CA

"Enrvirosment and Nahiral Resources, World Bank Group, 1818 H St. NW, Washington, DC 20433

‘."’!;\p.'”." Health, San Francisco, CA

Abstract: Issues of global environmental change, global health, emerging disease, and sustainability present
some of the most complex challenges of the twenty-first century. Individual disciplines cannot address these
issues in isolation. Proactive, innovative, and trans-disciplinary solutions are required. Recognizing the
inherent connectedness of humans, animals, plants, and their shared environment, One Health encourages the
collaboration of many disciplines—including human and veterinary medicine, public health, social science,
public policy, environmental science, and others—to address global and local health challenges. Despite great
progress in this shift toward transdisciplinarity, the environmental component of the One Health paradigm

¥ . - " .
etenains underrepresented in One Health discourse. Human and animal health issues are commonly discussed

&, 5 3 o . I 2 — 5 . =y x -+
it the wmbrella of the One Health paradigm, while upstream environmental drivers and solutions are less

LM he current integration of environmental issues in One Health publications and
fitegration of environmental knowledge in the implementation of One

e ti1s from the collaboration between One Health and eco-




* neglected in Scandinavia?
» very difficult to objectively measure impacts of disease...

* Nordic biologists’ approach to disease...?

e something that happens in exotic places and is visible as rare, devastating
outbreaks with mass mortality

e something that occurs in artificially dense populations, i.e. in livestock, zoos
and captive populations, but very rarely in Nordic nature

* no important impact on Nordic wildlife populations
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Image: Dep. of Environment
and Natural Resources, North-
West Territories, Canada

Bilde: www.cbc.ca, Canada
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Image: Albert Salemgarayev,
Kazakhstan, mai 2015

Bilde: Sergei Khomenko/Food
and Agriculture Organization of
the United Nations, Kazakhstan,
mai 2015
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e EcoHealth

e Conservation medicine

e Ecosystem health

z
WILDLIFE AND
- ECOSYSTEM HEALTH




But — what do we actually mean by saying

III

“I'm ill today




ave tallen |

| can’t participate.”




e very difficult to define!
e abscence of health?

World Health Organizati

e “Health is a state of complete physical, mental and social well-being and not
merely the absence of disease or infirmity.”

Preamble to the Constitution of the World Health Organization as adopted by the International Health
Conference, New York, 19-22 June, 1946; signed on 22 July 1946 by the representatives of 61 States (Official
Records of the World Health Organization, no. 2, p. 100) and entered into force on 7 April 1948.




at do we actually mean by saying «

very difficult to define!
e not merely abscence of health

e acontinuous scale from absolutely healthy to state of death - a condition where
the functions of the body are so disturbed that vital organs are irreversibly
damaged

e "pretty healthy” sliding into “a little bit ill”
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e «any impairment that interferes with or modifies the
performance of normal functions

* including responses to
e environmental factors

e nutrition
e toxicants

e climate

infectious agents

inherent or congenital defects

combinations of these factors»




e «any impairment that interferes with or modifies the
performance of normal functions and/or length of life

* including responses to
e environmental factors

e nutrition
e toxicants

* climate
* infectious agents
* inherent or congenital defects
e combinations of these factors»
and?

e stressors (environmental, social, anthropogenic)
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low degree (subclinical) disease is most prevalent

* many disease factors are often at play at the same
time

e and work in interplay with other factors
e often not visible at «typical disase»

e but rather lowered condition, reproduction or long-
term survival

e clinical disease and death are often the result of an
interplay of multiple factors

(%]
>
<
()
B S
)
>
- o
\'\T‘\ ..
P /“.“t_/:—xx 8
A W a0
+ s g =
y ‘ﬂ 4 \J;.E\k-ﬂ/ WFes, -
%‘\I i " ;&‘ \y-:ﬁ = 3
a e Y -



Enviro Agent




disease factors

infectious agents, toxins,
nutrition, congenital
defects, stress

condition, age,
physiological status

(mode, dosage, virulence etc.)

environment

absolutely
healthy

daverage

disease

death
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e disease is a response in animals caused by
(most oftenly) the combined effect of
multiple interacting factors, both abiotic
and biotic, natural and anthropogenic

* this condition in an animal and/or an
animal population may again affect its
interaction with other species, its abiotic
environment and humans

e a wildlife researcher need to take this into
account...
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Roe deer and red foxes: A study of how
predation mortality rate is a
consequence of topography and
vegetation

Journal of Animal Ecology ‘

¥ 200 1124-11 doi: 10.1111/j.136!

Habitat and roe deer fawn vulnerability to red fox
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Archive photograph from Norwegian Veterinary Institute




"Effect of pollution and climate
In breeding areas on the
survival of juvenile cormorants
(Phalocrocax carbo) in
Skagerak»

Image from Wikimedia commons. «great cormorant in
Gothenburg, Sweden» by Gegik.
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«Global declines

of caribou and
reindeery

Global change

Elobal Change Biology

Global Change Biology (2009) 15, 2626-2633, doi: 10.1111/}.1365-2486.2009.01974.x

Changes in phenology

Insect harassment Global declines of caribou and reindeer

EXtreme Weather events LIV SOLVEIG VORS and MARK STEPHEN BOYCE

Department of Biological Sciences, University of Alberta, Edmonton, Alberta, T6G 2E9, Canada

Abstract

B UT Caribou and reindeer herds are declining across their circumpolar range, coincident with
increasing arctic temperatures and precipitation, and anthropogenic landscape change.
Here, we examine the mechanisms by which climate warming and anthropogenic
W h at a b out.... ? landscape change influence caribou and reindeer population dynamics, namely changes
in phenology, spatiotemporal changes in species overlap, and increased frequency of
extreme weather events, and demonstrate that many caribou and reindeer herds show
demographic signals consistent with these changes. While many caribou and reindeer
populations historically fluctuated, the current, synchronous population declines em-
phasize the species’ vulnerability to global change. Loss of caribou and reindeer will
have significant, negative socioeconomic consequences for northern indigenous cultures.

Keywords: climate change, landscape disturbance, population dynamics, Rangifer tarandus, zoology
Received 10 January 2009 and accepted 13 April 2009

. Rangifer forms the socioecological cornerstone of cir-
Introduction gife o & .
cumpolar indigenous cultures, from subsistence hunt-

The persistence of caribou and reindeer (Rangifer taran- ing of caribou by Aburlhmal pe(:-ple*, in Carlada,
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Domestic
animals on
pasture

Encroachment
Changes in Increased
plant arasite
phenology/ i
content
Mineral-/ Habitat
vitamine
fragmentation :
| Disturbance

balance
Invasllve - Competition e Stress
species A | i

«New» Infectious
pathogens diseases

A bewildered Willy the Wild Reindeer @ NINA

www.nina.no
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Ecological tipping points?

. Enormous growth of human population
. Urbanization
. Movement of industrial production
. Increased transport

» of people

» of animals

» of goods -> connectivity
. Changes in agricultural landscapes

» developing countries - enchroachment

* Western and Northern - forest regrowth

. Changed area use - fragmentation

. Managment that increases wildlife population densities

. Global warming - climate change

. Medical treatment - immunosuppression, antibiotic
resistance



chytridiomycosis (B-H‘Frachochytrium
spread from South Afrlca W|th Africa

(Xenopus-laevi
acting together with

Vol 43512 karmary 2004

NEWS & VIEWS

EXTINCTIONS

A message from the frogs

Andrew R Blaustein and Andy Dobson

The harlequin frogs of troplcal America are at the sharp end of climate change. About two-thirds of their species
have died out, and altered patterns of infec ion because of changes in temperature seem to be the cause.

Omeofthe worres about global dimatechange
is that it will raise the transmission rates of
infectious diseases’. Om page 161 of this issue,
Pounds and colleagues” provide compelling
evidence that anthropogenic dirmate change
h.a.lalmnﬂya]mdtmmmufnpaﬂ]m

Amdmgwm-mnhlﬁm;hbmnﬁm
ment (GAAY, around a third of amphibian
species (1,856) are classifisd globally as
‘threstened. The tenwous hold these
animals hawve o lifieis especially evident
intropical America, where, for example,
&7% of the 110 gpecies of hardequin frog
{Atelopus; Fig. ljmﬂmtothaﬁm
have died out in the past 20 ye
pathogenic chytrid fungus, Batracho-
chytrium dendrobatidis, is implicated as
the primary cause of Atelopus popula-
tion crashes and species extinctions**.
Now, Pounds & al. offer a mechanistic
explanation of how climate change

outhresks of B. dendro-
batidis in the mountainous regions of
Central and South America: night-time
‘temperatures in these areas are shifting
closer to the thermal optimum of

B dendsobatidis, and increased daytime gy g 1) Amphibian alanm call. The Panamanian gulden frog s

optimal growth of the pathogen. Mid-eleva-
tion Afelopus communities are not only the
"hardest hit by entincticm, but they also harbour
the most species, so biodiversity in these areas
iis in double jeopardy. Thess reailts corrobo-
rate the GAA findings® for a broad array of
amphibians that the percentage of extinct or
threatenad species is largest at middle eleva-

tions Thisis contrary tothe expectation that
higher-elevation species would be more prone

clowdiness prevents frogs from finding  one 110 speciesaf in frog (A felapus), mamyof  other smphibian species — a totally
‘thermal refuges’ from the pathogen. which are dying cut. Although this species still survives, its unexpected, indirect consequence of
The authoms defined an ‘extinction’ a8 rumbsers have fallen significanthy: human ingenuity.

+ha time when 8 froe snecies was last

change had been stymied by the so-called “di-
mate-chytrid paradox; because the climatic
conditions favouring chytrid growth seemed
to be the very opposite of those created by
current climate trenda,

Pounds and colleagues’ work” is a break-
through asit resclves the paradoxand offersa
theary to explain the widespread Enigmatic’
declines of Atelopus and other amphibians.
Theauthors combine two dispamate approaches
imto one unifying theory simulta-
neously explaining how shifting tem- E
peratures are the ultimate trigger for
the expanson of a pathogenic fungus,
and that this infection is the direct
cause aof Atelopus extinctions,

There may be a tragic iromy here.
The oldest-kmown hosts of Baira-
chachy frium are African-clawed frogs
(Xenopus)', first recorded in South
Africa in 1938, Global trade in these
frogs burgeoned in the 19508 following
the development of pregnancy tests
that used Xenopus tissue™, Museum
mecords suggest that the pathogen
achieved & worldwide distribution in
the 19608, 50 it seems that the expan-
gion in one frog species through
‘trade may haveled tothe extinction of

Fries and Batre- - frdrs on fanod are

Vel 439712 Jarmany 20064 sE40.303 &/ matura02 46.

ARTICLES

warming

that a recent mass extincti

As the Earth warms, many species aellody !odhw often b

Widespread amphibian extinctions from
epidemic disease driven by global

. Mlan Pounds’, Martin R. Bustamante®, Luis A. Caloma®, Jamie A. Consuegra®, Michael P. L. Fogden’,
Pru M. Foster*f, Enrique La Marca®, Karen L. Masters®, Andrés Merino-Viteri®, Robert Puschendarf”,
Sartiago R. Ron™, G. Arturo Sanchez-Azofeifa®, Christopher J. Still'® & Bruce E. Young!"

that

Hmans are acring the Eart'sdimate” and ths the workings of - these members ofthe. toad family (Bufnidae)™. Brightly edoured

Prac. Natl, Acad, S, UEA
Vel 55, pp. 50315036, July 1558
Population Biology

EETIN Kok

Chytridiomycosis causes amphibian mortalily associated with
population declines in the rain forests of Australia and

Central America

LEE BERGER™P, RICK SPEARE®, PETER DASEAES, D. EARL GREEN®, ANDREW A, CUNNINGHAM', . LOUISE GOGGINE,

RiON SLOCOME
GERRY MARANTELLI™, AND HELEN PAREESY
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Heban, Tmmania 7001, Ausinlia; b‘\-i:nelln.l::.'l:lrnrﬂl Cenere, University of Melbourne, Werrbes, Viowonn 2030, Ausiralin; 'Canadian Insutute for Advaosd
Emm:h angum in Evolutionary Biology, Navional Ressaech Counal of Conada, Halit, NS Canada BIH 3Z1; Konservation Sieavzgy Branch, Cussndand

| Adhdmon, Gy

2 4853, Aumralia; Yoorservavion Resource Uinit, 0

Depanmemn of , Mol O

r-\'l'\cl Ausiealia; 'Depanment of Zoalogy, Soathem Hlinots University, Carbondale, [L 62801-6501; and ®Amphibian Reszarch Ceniee, 15 S\.rrla Giroye, Hih

Coburg, Viciona 3065, Ausiealia
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ABSTRACT Epidermal changes cansed by a chy tridiomy-

cete fungus (Chytridiomyceta; ‘.‘]mr:rllalh- were found in
sick and dead adult anurans collected from montane rain
forests in Crueensland  Australia) and Panama during mass
moriality events associated with significant population de-
clines. We also have found this new disease associated with
marhidity and mortality in wild and captive snurans from
adiditional lecations in Australia and Central America. This is
the first repart of parasitism of a vertebrate by 8 member of
the phylum Chyiridismycota. Experimental data support the
conclusion that eutanecus chy tridiomycosis is a fatal disease
of anurans, and we hy _Euﬂwwlze that it is the preximarte cause
of these recent amphibian declines.

Amphibian population declines in protected habitats ame a
sarious global concern (1-3), and although several etinlogies

primary degradess or saprobes, using substrares such a8 chitin,
plant detrims, and keratin, Some genera are facuoliative or
ohbligate anaerobes, and many are obligate parasites of fon,
algae, vascular plants, motifers. nematodes, of insecis e
chytrid reporied heme is the first member of the phylom
Chyrridiomycota 10 be recognized as a parasite of the phylom
Vertebrara (18). A similar discovery of a chyeeid fungus in
dying captive dendrobatids in the United States made inde-
pendently and contemporansowsly (19} demonstrates that
chytridiomycosis is widespread in amphibians in the Amercas
a5 well as Australia.

MATERIALS AND METHODS
Collection of Specimens. Large nombers of ill and dead

anurans wese found during monitoring programs of amphitian
populations in decline in Big Tableland, Quee sl and, Australia

ics. Here we show
is tied to glo bal warming. Seven teen years ago, in the
mountains of Costa Rica, the Monteverde hanqunfmg (Atelopus sp.) vanished along with the golden toad (Bufo

periglenes). An estimated 67% of the 110 or so spedies of Atelopus, which are endenic tothe American tropics, have met
the zame fate, and a pathogenic chytrid fungus (Batrachochytrium Analysing the timing of
losses inrelation to changes in sea surface and air temperatures, we conclude with ‘very high confidence” (= 99%,
following the IMWH Panel on Climate ﬂlage. IPCC) that large-scale warming is a key factor in the
localities are shifting towards the growth optimum of
Mﬂdlndw‘kﬁn thus encouraging outbreaks. w'llh dimate change promoting hfedinus disease and eroding
biodiversity, the urgency of reducing greenh ouse-gas is mow




NOT “Mmerica...

White-nose syndrome

Discovered in 2007

Geomyces destructans

Common in European bats

wmd Wildlife
died fr hite-



vatural Resoure

snake fungal disease
Ophidiomyces ophiodiicola
found first in 2006

spreading

isolated populations plummet

ZUSGS

science for a changing world

National Wildlife Health Center
Wildlife Health Bulletin 2013-02

Snake Fungal Disease in the United States

ervation Managers

From: Dr. Jouathan Sleeman, Center Director, USGS National Wildlife Health Center
Date: April 22, 2013 (. 2

Snake Fungal Disea

g )
olated from affected
As it




e there are a lot of «invisible» bugs around -
what we observe may not be descriptive
for what really happens

* alot of things are currently happening
that may increase the exposure to and
impact of diseases that hitherto has been
negligible

e a wildlife researcher need to take this into
account...




 Formal duty
 Food Act § 19

Anybody shall exercise necessary caution, so that there not will arise danger for development or spread of
transmissible animal disease.

e Avoid confounding ourselves by transmitting disease, causing
disease or increasing impacts

e not transmit diseases

e from yourself and your food

e from domestic animals

* from other populations of the same or similar species
*  between individual animals

not force study animals into «unnatural situations»
minimalize stress




Term with different meanings in different s et -
scientific disciplines k

Not only an attribute of the stressor (the environmental component), but
also an attribute of the stressed (the biological component)

In psychology, ethology and welfare science often restricted to situations
where the stress response fails to return the organism to homeostasis

Definitions of «environmental stress» put forward by Bijlsma and Loesche
(2005) (evolutionary context)

. An environmental condition that, when first applied, impairs Darwinian fitness (Sibly &
Calow, 1989)

. Any environmental change that acts to reduce the fitness of organisms (Koehn & Bayne
1989)

. An environmental factor causing a change in the biological system which is potentially
injurious. (Hoffmann & Parsons, 1991).



Potential stressor

Temperature
Water/drought
pH

Salinity
Radiation

Catastrophes

Resource
availability

Competitors
Predators

Pathogens

Population
density

Breeding

Social instability

Habitat
destruction

Habitat
fragmentation

Urban
development

Global climate
change

Noise >
Light
Pollution

Recreation &
ditsturbance

(sports)
Hunting

Handling/
intervention

Modulating factors

Stress response

Species
Population
Seasonality
Social system
Life history
Sex

Personality type

Body condition

Reproductive status

Social status
Behavioral tactics
Social experience
Social stability

Social support

Developmental
response

Consequences

Physiological
response

(energy and
resource allocation)

Behavioral
response

’ (habitat choice,
movements, social
interactions)

Hormonal
response

(glucocorticoids,
catecholamins,
androgens)

Immune
response

Energy
require-
ments

Foraging
efficiency

Survival

Breeding
suppression

Breeding
success

Immuno-
competence

Figure from: Hofer & East, 2012, Chapter 7 in «New directions of conservation medicine — applied
cases of ecological health»




Stressors:
environmental
social
anthropogenic

Poor nutrition -

Life history —>

stage

Epidemiology of
transmission —>|

Factors

Susceptibility

Exposure to
several
pathogens
or parasites

Y

éStressé

e.g. abandonment
of young

Immuno-
suppression T

?Non-infectious%

:pathological

states

Activation of
latent pathogens

v

Shedding of
pathogens T

Reproductive
output 4

Reduced health:

Morbidity T
Survival

Behavioral &
physiological
response

Fitness

consequences

Figure from: Hofer & East, 2012, Chapter 7 in «New directions of conservation medicine — applied
cases of ecological health»




Not necessarily easy
Behavioural responses

Corticosteroids

. which ones?
o in which tissues or excretions?
. interpretation???!

Cathecholamines
Pheromones

Heat-shock proteins and other proteins

Body temperature

Heart rate and contraction
Leucocyte coping activity

Neutrophil/heterophil to lymphocyte
ratio in peripheral blood



Serum samples

Blood (with anticoagulant)

serology
blood chemistry

pathogens in blood
haematology

Faeces

parasites
some viruses and bacteria
corticosteroids (?!)

Hair/feathers
e corticosteroids

Check disease status in your study
area

Contact somebody that may know

DON’T WAIT UNTIL YOU GO OUT IN
THE FIELD



e Dead animals e Live animals

. thorough necropsy done by veterinary e behaviour

pathologist . walk/flight
. if not possible — take samples of all

. . * furand skin
vital organs according to premade f

necropsy protocol (!) * secretions
*  ifassociated with the study — film! * lesions
«  DON'TPUTIT IN THE FREEZER! * ectoparasites
e Alsoin individuals and species * Contact somebody that may know
that not are studied « DON’T WAIT UNTIL YOU COME

HOME



what is disease
. an ecological factor among many others

. may be obscure, but although important
. may be the reason behind other phenomena

. lowered condition, reproduction or long-term survival

. changed behaviour

. may strike rapidly and hard — but that’s not common
One Health, EcoHealth, Conservation Medicine
why bother
responsibility to not increase disease load and impacts
avoid confounding results

some things that can be done



holistic approach — more valuable
knowledge

un-anticipated results

may be both important and interesting

and even fun
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