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EID events are dominated by zoonosis (60.3% of EIDs)

The majority of these (71.8%) originate in
wildlife (for example, severe acute respiratory virus,
Ebola virus), and are increasing significantly over time.

54.3% of EID events are caused by bacteria or rickettsia,

reflecting a large number of drug-resistant microbes.
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Global trends in emerging infectious diseases.
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Hot Spots for Emerging Diseases

Map shows an analysis of the
future likelihood of infectious
diseases originating in wildlife
that have the potential to
infect humans.

GREATER RISK

Factaors in the analysis
included population density,
proximity to and variety of
wildlife, and climate.

H1N1 influenza : siainof Hing, -
commonly called swine flu, killed thousands and
infected milliens in 2009, Humans in turn spread
the disease to pigs, triggering a pandemic in
livestock.

ANIMAL RESERVOIR Waterfowl and pigs.

FIRST HUMAN CASE Veracruz, Mexico, 2009; first
LS. case was in San Diego in 2009.

wHy Livestock production (pigs and poultry);
contact with wild waterfowl.

SUSCEPTIBLE Humans, pigs.
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West Nile virus 2 mosquito-borne illness that
causes symptoms in about a fifth of those exposed. One in
150 hecomes severely ill with encephalitis.

ANIMAL RESERVOIR Various birds, especially robins in the U.S.

FIRST HUMAN CASE West Nile district of Uganda, 1937: first
U.S. case was in Queens in 1999,

WHY IT EMERGED International air travel.

SUSCEPTIBLE HOSTS Humans: birds, especially crows; harses.

Ebola This hemarrhagic fever is
among the most virulent known
diseases. There is no specific
treatment or vaccine available;
patients must be strictly isolated.

ANIMAL RESERVOIR Various bats.

FIRST HUMAN CASE Yambuku region,
Zaire (now Democratic Republic of
Congo), 1976.

wHY Contact with or eating infected
wildlife, especially gorillas.

SUSCEPTIBLE Humans, chimpanzess,
gorillas, duikers (small African
antelopes, below right).

SARS 4 severe viral respiratory infection that
quickly spread from China to more than two dozen
countries. The outbreak was contained, and since
2004 no new cases have been reparted.

ANIMAL RESERVOIR Horseshoe bats.

FIRST HUMAN casE Guangdong Province, China, 2003.
WHY Wildlife markets and trade: global travel.
SUSCEPTIBLE Humans, civets (inset, left).
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Bird flu 2 deadly strain of the avian
influenza virus called HSN1 has spread to
humans via contact with live or dead poultry.
ANIMAL RESERVOIR \Wild waterfowl.

FIRST HUMAN CASE Hong Kong, 1997, It
re-emerged widely in 2003 and 2004,

WHY Global expansion of intensive poultry
farming; contact with infected birds.

SUSCEPTIBLE Humans, poultry, cats.

i

Nipah virus 4 highly lethal pathogen for
which there is no cure or vaccine.
Human-ta-human transmission has been
documented; nearly annual outbreaks in
Bangladesh since 2001 and two in India.

ANIMAL RESERVOIR Fruit bats (above).

FIRST HUMAN CASE Sungai Nipah, Megri
Sembilan, Malaysia, 1998.

WHY Large-scale livestock production:
presence of orchards on pig farms; date palm
sap harvest (eating contaminated sap is a
significant cause of infection).

SUSCEPTIBLE Humans, pigs, horses, dogs, cats.

Hendra virus 4 ciose relative of
the Nipah virus, it has killed four people
and dozens of horses in Australia.

ANIMAL RESERVOIR Fruit bats.

FIRST HUMAN CASE Hendra, a suburb
of Brisbane, Australia, 1994.

WHY Urban encroachment of wild
habitats.

SUSCEPTIBLE Humans, horses, dogs.
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Understanding the concept of «health»

* In veterinary medicine, health has been defined as “a state of physical and psychological well-
being and of productivity, including reproduction” and “health indices” refer to easily observed
parameters that can be used as a guide to the animal’s or group’s state of health (e.g., food intake,
fecal output, body weight).

» It hasrecently been proposed to redefine health as “the ability to adapt and to self-manage”
« [If it is unable to mount a protective response, reducing the potential for harm and restoring an
(adapted) equilibrium, damage remains and may result in illness. Accordingly, measuring health

is challenging and requires tools for assessing an individual’s capacity to cope and to adapt.

It is also important to differentiate between the health status of individuals and that of
populations.
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Understanding the concept of «disease» (wobeser 2003)

1. Is measured in terms of impairment of function rather than by the death of individuals.

2. Factors that cause disease may be either intrinsic, such as an inherited defect in an animal's vascular plumbing or
degenerative changes associated with aging, orjextrinsic, such as a virus, bacterium, or contaminant that enters its
body and causes injury.

Disease may result from factors acting alone or in combination.

4. Many different functions may be impaired.
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Harmonisation of the Care and Use of Animals in Field Research
Gardermoen, 21 — 22 May 2008
A consensus document from the participants WE LF ! RE 1 2
Introduction

An international consensus meeting was held in May 2008 at Gardermoen, Oslo, to discuss

the care and [Ingen tittel] als in field research. A total of 52 participants from Norway (43). C O O P E RATI O N 1

Great Britain (4), Canada (2), Germany (2) and Sweden (1) attended.

The specific aums of the meeting were:

+  to provide a forum for dialogue between stakeholders (regulators, researchers and H E A LT H 1
ammal welfarists).

* to mcrease focus on “the 3Rs” (Replacement, Reduction, Refinement) of Russell &

Burch -/faltweb jhsph edwpublications/humane_exp/het-toc htm).

The meeting was jomtly organised by: D I S EAS E O

+ The Norwegian Animal Research Authority (www.fdu no).
+ The Norwegian Institute for Nature Research (www.nina.no).

+ The Norwegian Polar Institute (www npolar no). S U RVE I L L q N C E 0
+  Norecopa (Norway s national platform for the 3Rs, www norecopa.no).

The presentations held at the meeting are available on Norecopa’s website. Norecopa aims to

advance the 3Rs in animal research and testing, and facilitate cooperation between
stakeholders. A further aim of the meeting was therefore to 1dentify tasks for Norecopa in the
area of field research. Although research on captive wild animals also raises ethical and
welfare 1ssues, this subyect was not addressed at the meeting.

This document summarises the participants’ views on field research and the potential for
implementation of the 3Rs in the field. It is a consensus document that has been circulated to

all participants for approval
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SOLUTIONS

THE VET’s SOLUTIONS
THE BIOLOGIST’s SOLUTIONS
THE ECOLOGIST’s SOLUTIONS
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Time for paradigm shifts

BIOLOGIST

FOCUS ON WILDLIFE HEALTH ECOLOGIST

FOCUS ON WILDLIFE DISEASE VETERINARIAN

NO FOCUS POLITICIAN
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Time for paradigm shifts
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Estimation of harp seal pup production in the
Greenland Sea using spatial analysis on aerial
survey data

Arnt-Borre Salberg? Garry B. Stensont Tore Hang®. and Kjell T. Nilssen®

Jan Mayen
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Ryser-Degiorgis BMC Veterinary Research 2013, 9:223
http://www.biomedcentral.com/1746-6148/9/223

BMC
Veterinary Research

REVIEW Open Access

Wildlife health investigations: needs, challenges
and recommendations

Marie-Pierre Ryser-Degiorgis

"Growing human population, globalization, climate change and a number
of ecological perturbations have resulted in an increasing number of
emerging diseases. Given this context, the role of wildlife in human and
domestic animal disease emergence has become widely recognized as a
factor we can no longer afford to ignore. Thus, wildlife health
surveillance has become an integral component in the identification
and management of potential threats to human and animal health"

7%6’ 7
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Access to investigation material
- Observation of cases = reporting

- Case/sample acquisition
- Quality of material or information

Sampling strategies Laboratory analyses
resulting in representative data - Specific diagnostic tools
- Sample size - Validated tests

- Stratification

Data interpretation

- Baseline data

- Information on biology and physiology of host

- Information on host population size and density
- Consideration of multiple risk factors

- Comparability of studies

Figure 3 Challenges inherent in wildlife health investigations.
\
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Ecosystem Services
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Health
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Domestic
Animals

Climate

The most famous Venn diagram in the world
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Cost of
control
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Source: Adapted from IOM (2009).
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A

1 Wild animal cases
"~ Domestic animal cases
B Human cases

Karesh et al., 2012. The Lancet
Volume 380, Issue 9857, Pages 1936-1945
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INTEGRATE HEALTH SURVEILLANCE in FIELDWORK

Ownership...Norway vs me?

Coordinated / centralized data/sample banks

Continous sampling of standardized samples (blood, hair, feces, etc)
Better use of big-data and advanced molecular techniques?
Multidisciplinary «surveillance programs»?

Integration in scandinavian/european solutions?






* Health & Welfare

* Conservation

« Population dynamic
* Financial aspects

Wildlife
itself

la

Humans

D\

* Risk of zoonosis &
EIDs

* Increase knowledge
& awareness

* Environmental
indicators

= Sentinel species

* Ecosystem
maintenance
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Transmission of
pathogens
 Confounders
= Diagnostic solutions.
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An emerging disease is one that has appeared in a population for the first time, or
that may have existed previously but is rapidly increasing in incidence or geographic
range.
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Emerging infectious disease
Newly identified & previously unknown infectious agents that cause public health

problems either locally or internationally

Re-emerging infectious disease

Infectious agents that have been known for some time, had fallen to such low levels
that they were no longer considered public health problems & are now showing
upward trends in incidence or prevalence worldwide
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A quickly
changing
ecosystem

Gortazar C, Reperant LA, Kuiken T, de la Fuente J, Boadella M, et al. (2014) Crossing the Interspecies Barrier: Opening the Door to

Zoonotic Pathogens. PLoS Pathog 10(6): e1004129. doi:10.1371/journal.ppat.1004129 .' e
http://journals.plos.org/plospathogens/article?id=info:doi/10.137 1/journal.ppat. 1004129 _@-PLOS PATHOGENS
.
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Smallpox

4 Campylobacter
Escherichia coli
COWPpOX

bovine spongiform
encephalopathy
glanders

Rift Valley fever

Herpes simplex
Lyme disease
monkeypox
hantavirus
measles
Marburg

Ebola
SARS

Salmonellosis

West Nile fever
Nipah
rabies

tuberculosis

é anthrax
—> tularemia
plague
ornithosis
Hendra
=3 sarcoptic mange
canine distemper
foot and mouth disease
= Newcastle disease

= Brucellosis

rinderpest

parvovirus
avian cholera
duck plague

avian influenza

| 4

Domesticated
and commensal
animals

Wildlife

Avian vacuolar
4 myelinopathy

Marek's disease

Figure 6.1 Examples of linkages between important infectious diseases of wildlife,
domestic animals, and humans. (Modified from Dudley and Woodford*').
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1918 H1IN1 HA H1

1918 HIN1

~ "

H2
H3

Antigenically similar HA

Human H3N2
owing to lack of selection
pressure in pigs or drift in
pig-specific antigen sites

N Classical swine HIN1 s North American avian

Ty

H17, H18

2009 HIN1 HA

Emergence of the ‘Antigenically frozen" HA capable
novel HIN1 of producing a new pandemic




)

=< Veterinaerinstituttet H 1 O N 7
- Norwegian Veterinary Institute

NORTH SEA

425 deaths
March - October 2014

152 deaths (Anholt)
June-August 2014

Approx. 1400 deaths
September- November 2014

First cases in the Netherlands
November 2014

-
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Spatiotemporal Analysis of the Genetic Diversity of Seal Influenza
A(HI10N7) Virus, Northwestern Europe

Rogier Bodewes,™ Siamak Zohari,” Jesper S. Krog.® Matthew D. Hall,” Timm C. Harder,” Theo M. Bestebroer,”

Marco W. G. van de Bildt,* Monique I. Spronken.” Lars E. Larsen,® Ursula Siebert,' Peter Wohisein,? Christina Puff,% Frauke Seehusen,”
Wolfgang Baumgartner,® Tero Hirkonen," Saskia L Smits,* Sander Herfst.* Albert D. M. E. Osterhaus,*M Ron A. M. Fouchier,*

Marion P, Koopmans,** Thijs Kuiken®

Mutating
as 1t swins...
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RESEARCH ARTICLE

Influenza A (H10N7) Virus Causes
Respiratory Tract Disease in Harbor Seals and

Ferrets

Judith M. A. van den Brand'*, Peter Wohlsein®*, Sander Herfst', Rogier Bodewes’,
Vanessa M. Pfankuche?, Marco W. G. van de Bildt', Frauke Seehusen?, Christina Puff?,
Mathilde Richard’, Ursula Siebert®, Kristina Lehnert®, Theo Bestebroer',
Pascal Lexmond’, Ron A. M. Fouchier’, Ellen Prenger-Berninghoff", Werner Herbst“,
Marion Koopmans', Albert D. M. E. Osterhaus'?, Thijs Kuiken'**,

@ Wolfgang Baumgértner® *

* Productive infection of ferrets indicates that seal/H10N7 may possess a zoonotic potential
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Contrasting emergence of Lyme disease
across ecosystems
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VECTOR-BORNE AND ZOONOTIC DISEASES
Volume 13, Number 10, 2013

@ Mary Ann Liebert, Inc.

DOI: 10.1089/vbz.2012.1023

Tick-Borne Encephalitis Virus and Louping-lll Virus
May Co-Circulate in Southern Norway

Bjernar Ytrehus, Kirsti Vainio? Susanne G. Dudman? Janice Gilray,® and Kim Willoughby?®

W

Faroe

FIG. 1. Map of southern Narway. Sekken in Molde and Farsund are marked with cirdes. (Color image available online at
www liebertpub.com/ vbz)
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* Ricks moving northwards
e TBE found in ticks in areas without humans cases

Is TBE present in cervids?
Can cervids be used as sentinel
species (early warning systems)
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* National health surveillance program for
cervids and muskox

e 2000-2015 =>6000 animals sampled

* 2013 collection chosen for study

* 755 animals from 15 regions
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n= 26/280 (9.1%)
@stfold, Vestfold, Aust-Agder,
Nord-Trgndelag and Nordland

A el
1 roe deer ELISA neg but SNT pos

1 reindeer ELISA pos but SNT neg
A S e
Aust-Agder, Rogaland

Figure 2—Geographical distribution of samples cervids.
Darker colors represent municipalities with positive TBE
samples, confirmed by both ELISA and SNT. Light colours
represent municipalities samples but without positive TBE
animals. Prevalence and counties information presented for
each species.
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CWD Surveillance in Norway 2004-2015

Red deer (Cervus elaphus) 820
Moose (Alces alces) 130
Roe deer (Capreolus capreolus) 183

Reindeer (Rangifer tarandus tarandus)

semi-domestic 966

wild 10
Fallow deer (Dama dama) - farmed 12
Musk oxen (Ovibos moschatus) 42 Positives
Total 2163

Last 3 years: Less than 20 animals tested a year
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 March 2016 - Nordfjella mountains

* Free-ranging reindeer (Rangifer tarandus tarandus)
* GPS, Darts, left the herd, locomotion problems

* Died within a short time
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« May 2016 - Selbu area (300km from Nordfjella)
* 2 pregnant females, 13-14 years old

* One shot because of abnormal behavior

* One found dead in good body condition

* Oct17 -1 more
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Photo: Jarle Fuglerﬁ '
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2004-2015__| 2016 2017

Red deer (Cervus elaphus) 2593 1571
Moose (Alces alces) 130 4396 3466
Roe deer (Capreolus capreolus) 183 479 1296
Reindeer (Rangifer tarandus tarandus)

semi-domestic 966 1737 3567

wild 10 838 2309
Fallow deer (Dama dama) - farmed 12 0 0

Total 2121 10043 12208/21000

) 4

Results delivered within 48H
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Present: rodents, hare, bever (reservoir unclear)

In people: autumn and winter, specially when rodent
population increases

Transmission:
* Direct contact with infected/diseases animals (mice, hunting)
* Indirect contact: Inhalation of contaminated dust (cottage-
cleaning etc.)
* Drinking water (most common local source)
* Insects (ticks, mosquitos)
* No transmission from person to person

Symptoms
Lymphadenopathia associated to infection site
* Infection and inflammation in mouth and pharynx
* Eye-infection + local lymph nodes
* Pneumonia
* Enteritis (typhoid form)

Mortality in rodents: appr. 100 %
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RAPID COMMUNICATIONS

Outbreak of tularaemia in central Norway, January to

March 2011 Reports of tularemia in wildlife in
KW Larssen', | E Afset (jan.afset@ntnu.no)**, B T Heier’, T Krogh#, K Handelands, T Vikerens, K Bergh** 2 (A) and human cases during the
1 [)\-iv‘uinwut of M(u m::mlulv,v,‘S: HIa\\.w._st[nll“‘L I‘lll‘ll‘l'l-.'i’\“‘ lllrvi‘.-:rluln‘v Hnrx‘;n.v :1I,‘hur.:r!]‘1:-im_ Norwa: .: o i< ) .

2 ?;;E.]\‘:;)%:::;;‘lrr‘.“.ﬂrly‘,!,[\]-:.” atory Medicine, Children’s and Women's Health, Norwegian University of Science and Technology, 201 1 outbreak In (B).

Division of Infectio sase Control, Norwegian Institute of Public Health, Oslo, Norway
Division of Environn Medicine, Norwegian Institute of Public Health, Oslo, Norway

Rraghan Yasaetaney et i e, Nemene : © Norwegian Veterinary Institute and
A N ( Larssen et al., 2011.
Larssen KW, Afset JE, Heier BT, Krogh T, Ha: an oren T, Bergh K n.‘llvw.: ak of tularaemia in central 5‘4.‘-.».-.|._\.u.m.ml.m h 2011. Euro Surveill 0

2011;16(13):pil=19828. Available online: hilp://www.eurosurveillance.org/ViewArticle.aspx?Articleld=19828
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Om oss

Forzkning

Beredskap

Hi=m ! Hyheter / Hare smittet jeger of jakthund med harspest (tularemi)

Nyheter

Logg inn | Nettstedskart
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Sak
Helseoverviking Faktabank Publikasjoner Diagnostikk og analyser Kontakt B9 -
Hare smittet jeger og jakthund med harepest (tularemi) i Facebook
'f Ikehel

. L. . . . . . E instituttet
Veterinerinstituttet paviste nylig harepest hos en hare som ble tatt i los av en jakthund. ‘*, oleheiseinstitutte
Bade hunden og jegeren ble smittet. Veterinarinstituttet snsker innsending av blodpraver =
fra hunder som bllr syke etter jakt pa hare eller annet Vilt. MENY Semittsomme sykdommaer og forebygging - Smitte fra mat, vann og dyr - Harepest - overfores fra lemen og andre smignagere

| dette tilfellet ble hunden syk med nedsatt matlyst og slapphet et par dager etter at den
hadde tatt en hare i los. Sykdommen varte i 2-3 dager, og undersekelse av blodprever fra
hunden viste at den hadde blitt smittet med harepest. Jegeren som slaktet haren ble syk fire
dager senere med influensa-liknende symptomer og svulne lymfeknuter i armhulen.

Harepest eller tularemi fordrsakes av bakterien Francisella tularensis. Bakterien er svart
smittsom, og kan overferes gjennom direkte kontakt med sjuke eller dede dvr. | Morge blir
tularemi oftest diagnostsert hos hare, og de fleste tilfellens ses pd ettersommeren og hasten.
Sjukdommen er ogsa pavist hos lemen her i lander. Ogsa andre smagnagere kan smittes med
Francisella tularensis.

Det hender iblant at harer som viser tidliee symptomer pa sjukdom (gar treet i los), blir tatt av hu
harer utgjer en stor smittefare for jegeren, og ma ikke slaktebehandles. De ber handteres med h
Veterinerinstituttet for laboratorieundersekelse. Ta kontakt med det lokale Mattilsynet.

ARTIKKEL
Harepest - overferes fra lemen og andre
smagnagere

| & med mye lemen og mus i naturen, ber du vaere ekstra
forsiktig med a drikke vann direkte fra naturen. Smagnagere kan
overfere harepest (tularemi).

OPPDATERT 20,0217

@ Skriv ut
@ Send pd e-post

HAR DU FUNMET EN FEIL?

Send en melding [;:'
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African Swine Fever Virus

* Highly contagious viral disease of swine
e Asfarviridae
* Enveloped DNA virus
e Transmitted by arthropods
* |solates vary in virulence
* High virulence: up to 100% mortality
* Low virulence: seroconversion
* Highly resistant
e At least 30 days in pens
* >140 days in some
pork products
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Map 1: Progression in Eurasia of the ASF outbreaks reported to the OIE from April 2007 to August 2015
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Wildlife, among others, can be a good
ﬁ indicator to study AMR dynamics

Antibiotic resistance is one of the
=) biggest threats to global health, food
security, and development today

Antibiotic resistance can affect
human or animal, of any age, in
any country
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Sample collection

* Geographical distribution of
sampled foxes (N=387)

* Low population density (<5
inhabitants per km?)

* Medium population density (5-200
inhabitants per km?)

» High population density (>200
inhabitants per km?)

The proportion

4

(%) of sampled foxes

- total as percent of total
l:l low population density
I:l medium population density
- high population density

0

85 130 260 Kilometers
T N T |

©Morwegian Veterinary Institute 2017.04.19
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Phenotypic resistance in indicator E. coli

% Resistance
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Figure 1. Isolates included in the study and their genotypic resistance profile. Strains marked with “«” are isolated
from Svalbard reindeer.
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Figure 4. Structure of conjugative resistance plasmid originating from E. coli (2011-01-8208-4-S) from Svalbard reindeer and map of 36
kb region (below) with 99% identity to part of plasmid FAP1 plasmid 1 (CP009579) isolated from pig faeces in the Netherlands.

Acc no KC853439 —¢mmm- il )i immn) i) ) (o - ) iy imb i — 41 S £ e - )b -l il -

2010-01-5562-5+ D_.LJ_.( ]LL[I_.T L “1 ’i( ,ﬂ.; "“"““(::ﬂ r>

Figure 3. Structure of conjugative resistance plasmid originating from E. coli (2010-01-5562-S) from Svalbard reindeer and
map of a 19 kb region (below) containing resistance genes with 99% identity to part of plasmid pACNOO1-F (KC853439) isolated
from poultry in China
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SCIENTIFIC CORRESPONDENCE

Identification of virus causing recent seal deaths

Sik—We recently reported’ the isolation
of a herpesvirus and a virus tentatively
classified as a picornavirus, from organs of
harbour scals (Phoca vitulinag), which had
died during recent outbreaks of acute
discase with high mortality in the North
and Baltic seas. We suggested that further
evidence for the causative role of these
viruses for the outbreaks should come
from serological studies on samples col-
lected from animals during and after the
outbreaks.

In virus-neutralization assays, we now
show that. although virus-ncutralizing
antibodies  against  both  viruses are
present in sera from harbour seals in
endemic arcas, there is no correlation
between the occurrence of disease symp-
toms and the development or rise of anti-
body titres against either virus. We also
show that the immunization of young
harbour seals in the seal orpha
Pieterburen, The Netherlands, wit
activated preparations of either of these
viruses. which did elicit virus neutra
antibodies, fail 10 protect the

against fatal disease (manuseript in prep-
aration). These data suggest that these
1wo virus infections, rather than being the
primary cause of the discase outbreaks,
are opportunistic infections occurring in
animals suffering from another discase.
In a further attempt to identify the

is of eipizootiologi S
y believed to be infectious’,
we extended our serological studies to
other viruses of carnivores known to cause
similar disease symptoms. For this reason,
and as it had been noted by Drs A, Ber,
man and B. Klingeborn (
nary Institute. Uppsala
postmortem findings observed are often
similar to those of canine emper virus
(CDV) infections in dogs, w ried out
CDV serology on serum samples collected
from seals in The Netherlands. Denmark,
Germany, Sweden and the United King-
dom. We tested all the samples in the
neutralization test described’ pre-
viously (sec table). We tested 21 serum
samples from harbour seals collected in
1984 in the seal orphana, eterburen
after the outbreak of acute discase caused

by Phocid herpesvirus 1. All these samples
are negative in this assay (titres <10),
Also, 16 samples collected from seals in
March 1988 in the orphanage just before
the start of the outbreaks were negative.
From May 1988, the first orphan seals
born this year were brought into the
orphanage and kept in separate groups of
1010 15 animals. We force-fed these ani-
mals to exclude lactogenic transmission
of antibodies. Once the first symptoms
started 1o occur, we detected CDV-
neutralizing  antibodies in_the serum

ty e
Development of CDV-ncutralizing antibody
titres within 14 days in orphan seals seronega
tive atad tothe P hy h

Germany at different stages of the
discase, 23 were scropositive (titres
10-30.000; ¥=100). Eight serum samples
from harbour scals suffering from the
discase in Sweden in August 1988 were
tested. All except the serum from one
baby seal show CDV-neutralizing anti-
body titres ranging from 10 to 30,000 (i=
. all eight serum samples from
harbour seals in a seal sanctuary in the
United Kingdom which had survived the
disease show CDV-neutralizing antibody
titres ranging from 30 to 3,000 (7=363).
These serological data clearly show that
an infection of CDV, or a closely related
morbillivirus, occurred in the respective
scal populations after April 1988. That
the antibodies found were not directed
against measles virus (MV). a closely
related morbillivirus® was shown in an
MV-specific  haemagglutination-inhibition
inwhich CDV neutralizing zeal sera
were negative. That a few samples were
not positive may be because they were
taken mainly during the acute stage of the
disease when no anti-CDV antibodies had
yet developed. The results obtained with
the paired serum samples from individual
animals in the orphanage show that the

samples. Of 23 baby seals brought to the
age between 3 July and 8 August
healthy and  without CDV-
neutralizing serum antibodies, 22 devel-
oped CDV neutratizing antibodies with
titres of 10-300 within 14 days. and they
all developed discase symptoms in this
period (see figure)

Most of the baby seals brought to the
orphanage after 9 August showed disease
symptoms and were  scropositive  on
arrival. Serum samples collected from
grey seals (MHalichoerus gryphus), which
had been in the orphanage during the out-
break and survived the disease. showed
CDV-neutralizing antibody titres ranging
from 10,000 to 30,000, From one of these
animals, a serum sample collected before
the outbreak in March 1988 was available
and this proved 1o be negative. Of seven
serum samples collected from harbour
seals in Denmark which had died with
acute symptoms in May 1988, two showed
antibody titres of 10 and 1.000 respec-
tively. Of 35 samples collected in July and
August 1988 from harbour scals in

CDV-neutralizing scrum antibody titres 2 10in harbour scals.

Year
Manth

Clinical symptoms
The Netherlands*

184 [
M A M ) ] A

(Pieterburen orphanage ) (=)t w21 wis WS w33 w7
(+) 21 w82

Denmark (+) b

Germany ) 0] wva
) I o

Sweden (+) "

United Kingdom (+) R

Serum samples obtained from Drs E. Vedder (NL). P. Grauballe (D). E. Vedder (D)., B. Klingeborn (S) and
S. Anderson (UK). H{ =): Clinically healthy. ( +): Clinically ill. {Number positive/number tesied.

C ided with the occurrence of
the discase symptoms. Furthermore, the
clinical symptoms observed during the
outbreaks, which affected respiratory,
gastrointestinal.  central-nervous  and
cutaneous systems, are similar to those of
canine distemper., which is also frequently
accompanicd by secondary viral and bac-
terial infections’.

We therefore conclude that the primary
cause of the disease outbreaks of seals is
infection with CDV or a closely related
morbillivirus. The failure so far to isolate
the virus from organs of affected animals
may be explained by the fact that no isola-
tion techniques were used which favour
the isolation of CDV'. We have now started
in vive and in vitro virus-isolation pro-
cedures 1o compare properties of the virus
with those of CDV isolates from dogs.
Because in seal sanctuaries there is an
urgent need for a preventive vaccine, and
the use of live vaccines is in general inadvi-
sable for wild animals, we have now started
1o evaluate in seals the value of a subunit
iscom CDV vaccine, recently shown to be
cffective in dogs'.

A.D. M. E. OsterHAUS
National Institute of Public Health and
Environmental Protection,
Bilthoven, The Netherlands
E.J. VEppER
Seal Orphanage, Pieterburen,
The Netherlands

1 Ostcrhaus. A D M E. Nature X34, 301-302 (195%),

2. Swstervens of the emergen orking conference o seal
dcath 1 the Baftic wnd North Seas. 11 August 1985, London

De Vres, P. UstdeHasg. F.G.CM. & Onterha,

ADVME T gen. Virod 69, 2171 30K3 { 198%)

Ostertaus. A DM E. etal Archs Vieol 36,239-251 (1958)

S Appel. MG, i Vines Infections of Vertebrases (ed
Horzinek. M.C.) 1 (Elevier, Amstendam, 1987)

Morbillivirus

Matrix protein (M)

Hemagglutinin (H)

Fusion protein (F) Polymerase (L)

Phasphoprotein (P)

In April 1988, an epidemic swept through breeding
colonies of European harbor seals (Phoca vitulina
vitulina) around the coasts of the North, Baltic and Irish
seas Killing up to 18,000 of this species and possibly a
few hundred sympatric grey seals, Halichoerus grypus
(Heide-Jorgensen et al., 1992).
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Another Phocine Distemper

Outbreak in Europe

Trine Jensen,’ Marco van de Bildt," Hans Henrik Dietz,?
Ths. Holmen Andersen,” Anne Sofie Hammer,? Thijs Kuiken,?
Albert Osterhaus’?

The seal population of Northemn Europe was
able to recover from the 1988 phocine
temper epidemic that killed about 18,000
seals. However, starting at the beginning of
May 2002, unusually high mortality among
harbor seals (Phoca vitulina) was noted on
the shores of Anholt, an island ofY the east
coast of Denmark. Since then, 182 of about
900 animals, both adult and juvenile, died
with clinical signs of respiratory and nervous
disease. About 440 seals have been found
dead on the cast coast of Denmark, and the
disease also appears to have spread to Swe-
den, where 100 seals were reported dead
along the west coast (/). Most recently, over
10 seals were found moribund or dead along
the coast of the Netherlands in the second
half of June. The clinical signs observed were
reminiscent of those in seals that died in 1988
of infection with a morbillivirus (2), subse-
quently identified as PDV, a new member of
the genus (3).

We performed necropsies on seven scals
(four adults, one subadult, and two juveni
in variable states of decomposition found a
Anholt or on the nearby Danish mainland and
on one freshly dead juvenile seal from Vlie-
land, an island off the Duich coast. Tissue
samples (lung, kidney, bladder, and brain)
were examined for morbillivirus nucleic acid
by reverse-transcriptase  polymerase chain
reaction (RT-PCR), with a set of universal
morbillivirus primy Pl (5-ATGTTTAT-
GATCACAGCGG ) and P2 (§'-ATT-
GGGTTGCACCACTTGTC-3"), that arc
based on conserved sequences in the phos-
phoprotein (P) gene. Tissue samples from
three Danish seals (two adults and one juve-
nile) and the Dutch seal were positive, 2
the expected products of 429 base pairs (bp).
Selected fragments of the PCR products were
sequenced for phylogenetic
sulting sequences closely matched (>97%
homology) those of PDV isolates from harbor
Is in 1988 and were distinct from those of
canine distemper virus (CDV) and other
members of the genus Morbillivirus (
Except for one nucleotide change in the P
gene fragment, the sequences obtained from
Denmark and the Netherlands were identical,
indicating that seals from widely separated
regions of Northern Europe were infected by
the same virus. Serum samples were tested
for morbillivirus-specific immunoglobulin M
(IgM) antibody by antibody-capture enzyme-

nalysis. The re-

www.sciencemag.org SCIENCE VOL 297

linked immunosorbent assay (ELISA), with
goat antibody 1o dog IgM-coated plates and
peroxidase-labeled CDV antigen for detec-
tion. The goat antibody to dog IgM prepara-
tion specifically captures scal IgM, as was
shown in routine serological tests for CDV
infection. Two adult Danish scals and the
Dutch scal had IgM antibodi

showing re-

| cov
PDV-1/NL88
PDV-1/255888

PDV-1/Ulster’88

PDV-1/DK/88
POV-1/DK/2002

0.1 POV-1/NL2002

Fig. 1. Phylogenetic tree based on a 370-bp
Morbillivirus P gene fragment. The maximum
likelihood tree was generated with the SEQ-
BOOT and DNAML program of the Phylip
3.75 software package with 100 bootstraps.
When available, GenBank accession numbers
are given in parentheses. MV, measles virus,
strain (| 20); RPV, rinderp
virus, RBOK strain (X68311); DMV, dolphin
morbillivirus (Z47758); PMV, porpoise mor-
billivirus strain 53 (8); CDV, canine distem-
per virus, Onderstepoort strain (AF305419);
PDV-1/NL/88, phocine distemper virus 1
(AF525289); PDV-1/DK/88 ( X75960), PDV-
1/2558/88 (X65512), PDV-1/Ulster/88
(D10371), PDV-1/DK/2002 (AF525287),
and PDV-1/NL/2002 (AF525288).

cent infection. These findings, together with
the known severity of PDV infection in har-
bor seals (), indicate that PDV infection is
the of ongoing harbor seal mortality in
Northem Europe.

In 1988, the discase spread rapidly from
Anholt in April to the Wadden Sea by May,
to the southern Baltic by July, and to the
waters around the United Kingdom by Au-
gust, killing about 18,000 animals (5). The
current sequence of events parallels the early
pattern of the 1988 outbreak. The rapid
spread of this high-monality disease may be

Veterinaerinstituttet

Norwegian Veterinary Institute

explained by the migratory behavior of har-
bor seals, which may travel hundreds of ki-
lometers within days. The effect of the cur-
rent PDV epidemic will depend on the overall
resistance and specific immunity of the
Northern European seal population. The re-
covery of seal numbers in the Wadden Sea
from about 4000 in 1989 to 17,000 in 2000
(6), indicates that, at the very most, one-fifth
of the current seal population may have
specific immunity to PDV resulting from
the 1988 epidemic. Furthermore, for the
past 10 years, we have systematically tested
all Wadden Sea secals [harbor and gray
(Halichoerus grypus)] admitted to the Seal
Rehabilitation and Research Center in the
Netherlands for serum antibodies 1o PDV
by ELISA confirmed by VN assay. Of the
736 animals tested (95% of whom were less
than 1 year of age), over 95% were sero-
negative. All positive titers involved re-
cently weaned pups, and most probably
represent passive antibody derived from
mothers that had survived the 1988 epidem-
ic. Since 1997, 197 seals also were tested
by virus isolation and/or RT-PCR with con-
sistently negative results.  Collectively
these data indicate that PDV has not been
circulating in this population for at least 10
years, corroborating the prediction of Gren-
fell et al. by mathematical modeling (7)
that PDV would be eliminated from the
Northern European harbor seal population
after 1988. The recent reappearance of
PDV in this largely susceptible Northern
European seal population may allow its
rapid spread with devastating consequenc-
es. During the previous epidemic, thou-
sands of seal carcasses littered beaches of
the North Sea and adjacent waters. The
responsible ministries and nongovernmen-
tal organizations of the respective countries
involved are now discussing preparations
for the possible consequences if history is
ed
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Morbillivirus

A second and equally devastating epidemic occurred
among European harbor seals in 2002, with a similar
temporal and geographic range to the 1988 event (Jensen
et al.,, 2002; Harkonen et al., 2006).

In that summer of 2002, thousands of dead harbor
seals were again found in the Kattegat and Skagerrak
and along North Sea coasts (Harding et al. 2002).

In the North Sea the grey seal, which was exposed but did
not show overt infection or mortality
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 The initial cases of PDV in both outbreaks were
identified in the Danish and Swedish Kattegat with
the Danish island of Anholt being the breeding colony
where the first cases were reported. The reason for
this remains unclear.

© JialiangGao
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Prevalence of phocine distemper virus specific
antibodies: bracing for the next seal epizootic in
north-western Europe
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Wildlife health as a driver of
One Health research.

* Long term rather than ad hoc cooperation

* Needed combination of health + ecology
+ biology + social sciences

 Financial mechanisms for integrated
research still missing

* International networking on wildlife of
paramount importance (compare &
standardize!!!)

» Wildlife as SENTINEL species brings
added value, early detection and may
reduce outbreak costs

« Wildlife as ONE HEALTH driver (outside
“major outbreaks”) remains a difficult
concept to communicate and lobby for
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