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Background

Salmon farming activities started by mid-80’s.

Clean waters, fish meal & oil very cheap, easy permits, and low
labor costs.

After 15 years the industry become the most important animal
production system, and the 2" largest in the world.

But an epidemic can wipe out everything..
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L ocation of hatcheries
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Locations of marine farms and management areas

AGRUPACION DE CONCESIONES DE SALMONIDOS
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USGS, FAO, NPS; NRCAN, Ge0Base, IGN. Kadaster NL, Ordnance
Survey. Esti Japan METI Esi China (Hong Kong), swisstopo
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[27 organisms reported from farmed salmon in ]
Chile

Source: Passive and Surveillance Reports in 2015, Sernapesca

Salt-water

Exophiala sp.
Saprolegnia sp.

Chryseobacterium sp.

Aeromonas salmonicida

Flavobacterium columnare and psychrophilum

Pseudomonas fluorescens and spp.

Renibacterium salmoninarum (BKD)

Vibrio anguillarum, ordalli and spp.

Piscine reovirus (PRV)

Infectious pancreatic
necrosis virus (IPNV)

Dinoflagellates
Diatoms

Shared

Piscirickettsia salmonis
 Highly endemic bacterium
* 50-90% of infectious mortality
« USD 700 million yearly cost
« Reason for large amount of
antibiotics

Sealice (caligus rogercreseyi)
« Worldwide ectoparasite
* Risk factor and vector
« USD 300 million yearly cost
« Reason for large amount of
antiparasite bath treatments



Infectious salmon anemia virus (ISAV)

« World Animal Health Organization notifiable disease

* RNA virus; family Orthomyxoviridae S
](
« Atlantic salmon (Salmo salar) in marine sites (grow out)./”_\/
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The index case (?)

 June 2007, two cages in a farm at the core of the
industry at the 10th region, reported unexplained
mortalities ~ 60% in T mo.

» Clinical signs associated with pale gills, hemorrhages in
eyes, and exophthalmia.

* Internal signs included gut congestion, pale liver,
petechiae of pyloric caeca, etc.



Clinical signs
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t case in Chile

FIrs

Index case

[ ] 11th Region
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11™ region - 54% prevalence

.. Dec. 2009
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Epidemiologic investigation of the re-emergence of
infectious salmon anemia virus in Chile

Fernando O. Mardones*, Andrés M. Perez, Tim E. Carpenter

Center for Animal Disease Modeling and Surveillance (CADMS), Department of Medicine and Epidemiology,
School of Veterinary Medicine, University of California, Davis, California 95616, USA
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Reproduction number at farm level

10" region 11" region
Initial spread: explosive (Rf=6.4-8.4) Initial spread: lesser in magnitude (Rf=3.4)

Rf throughout ISAV epidemic ranged from Rfthroughout ISAV epidemic ranged
16-25 from1.3-1.7

Horizontal transmission predominantly, passive Horizontal transmission predominantly too, but may be
movement of water (proximity) an important role on long distances _
transmission, for example, movements of live

Distances between infected farms were fish, contaminated vectors, etc.

significantly shorter (average=12km)

Efforts to prevent the epidemic would have been
sufficient if a 100% effective control measure were
to be in place for 23-41% of the population.

Efforts to prevent the epidemic would have been
sufficient if a 100% effective control
measure were to be in place for 38-50% of
the population.

F.O. Mardones et al. / Preventive Veterinary Medicine 102 (2011) 175-184

12/10/18




Identification of ‘Super-spreaders’

F.O. Mardones et al. / Preventive Veterinary Medicine 102 (2011) 175-184
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The role of movements
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The role of fish movements and the spread of infectious
salmon anemia virus (ISAV) in Chile, 2007-2009

F.0. Mardones"*, B, Martinez-Lopez *', P. Valdes-Donoso <,

12/10/18 T.E. Carpenter®¢, A.M. Perez *:¢



12 410/18




LT[
| TT-dy
| T1-uef
. 01120
Nusull

L oT-1dy

300 A
250 H

T T
) (=
(@) L
(e —

SJUDWIDAOJA YSI 'SON

100 -

50 ~

| Lo-ady
| Lo-ue[
| 90-320
_90-m[

| 90-1dy
L 90-ue(
| §0-120
. so-m(

| §0-1dy

o-ue|

Official data (2005-2011)

12/10/18



Movements by salmon species

—Coho

—Salar

——Trout

12/10/18




NOS. Cases

Fish movements vs ISA epidemic

I

— isav cases
— high-risk movs
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Potential spread due to fish movements

6 salmon farms (red) shipped out 11
times live fish to 7 farms (black) during
the ISAV epidemic

I shipments were truly infectious,
about 7/239 (~3%) infections could be
due to live fish movements




ISAV within-farm spread

Indicator Mean Median Min-Max
Number of index cages 1.4 1 -
Outbreak duration (weeks) 30.4 26 11-64
% cages infected 57.4 55 17-89
Time to 2™ infected cage (days) 51.3 23 3-186

Mardones et al 2013 Dis Aquat Organ. 106:7-16



Economic, social & environmental consequences
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International Report

The New Hork Times

Europe 12 Acrarica

Virus lels Chile’s Salmon and lndlcls Its Flshmg Methods
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THE WALL STREET JOURNAL

Big Salmon Exporter Fights Virus --- Chile's Share of Global Output Expected to Fall
Risa Grais-Targow. Wall Street Journal. (Eastem edition). New York, N.Y.: Jul 7, 2009. pg. 8.6

Big Salmon Exporter Fights Virus

Chile’s Share of Global Output Expected to Full; Pickup Unlikely Until 2011

BY RisA GRAISTARGOW

s is crip-
nﬂug chuea larmed salmon in-
dustry, damping exports and
squeezing fish producers.
Chileis currently the worlds

, imoy
record $2.4 billionin

focted salmon can't harvestuntil
the virus is eliminated from
their farms. As a result, exports
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to decline even more in 2
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Isa virus—infectious
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wihich has allowed harmful
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and trout. Above, farmed salmen
cages in southem Chle. Right,

filts.

rapid spread of the disease.
s a tesult, Chile's share of
global salmon production is ex-
pected to fall to 20% in 2010
from35% I 2008, according toa
cent study by the Chilean Asso-

e
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antees concessions to the banks
with producers’ water and farm-
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Call for cooperation to contain damage by Chile's salmon
farms

Heike Vester & Marc Timme

Affiliations

Mature 465, 869 (17 June 2010) | doi:10.1038/465869d
Published online 16 June 2010

Science News U Blog O Cite

Impacts of Chilean Salmon Farms On Coastal Ecosystem Discovered
Accidentally

ce ¢ 2010) — Until recently, the
disastrous scale of the threat posed by salmon farms
to the fauna and National Park of the Aysén region of
southern Chile was entirely unknown. The
unexpected discovery was made by researchers
from the Max Planck Institute for Dynamics and
Self-Organization and the University of Gottingen,
who were studying acoustic communication among
the native whales in the region. The researchers not
only discovered that the salmon industry is rapidly
spreading to the hitherto largely unspoiled south of
the region; they also documented the previously
unknown threat to the region's native sea lions.

enlarge|

This Is an abandoned salmon farm in a fjord north
of the Aysén region of Chile. (Credit: Image: Heike
Vester, MPI for Dynamics and Self-Organization)

Norwegians Concede a Role
|\ In Chilean Salmon Virus

! ‘ By ALEXEI BARRIONUEVO

| SAO PAULO, Brazll — A virus

that has killed relllions of salmen
In Chlle and rvaged the Nsh
farming InAustry thexw wies preb-
oily brought eser frem Norway,
& wajer asmon prodocer has o
ktowledged,

Pairick  Dempster, gencul
mamger of Aqua Gen in Chile,
said that Agua Gan csmplaized
abeut the stady beconse In 2006
they became the principal ex-
porter of salmom eges o Chile
and were woeried aboot losing
business over mn:em abzut sty
vertical tr

| Cermog, o stad
Noeweglan aquocdiure comparny
that has becoes tee of the prind-

Chile, has endarsed a sclentife
sudy concludng that salmen

| oggs shipped from Necway o
Chlle ace the *Fhely reason® for
the outtevak of the vires in 2007,
wocerding 10 Lize Dergan, o come
fany spakeswoman.

But, she argoed, “the repoct
adn't pnpaint ey company” as
the culpric

| The virus, mfectious seimon
| anaemin, or 15A., was first re-
pocted 2t & Chilean salmea fwem
|qvlr»d by Marine Hievest, an-
athar  Norwegsm company. [t
uickly spread theosgh southern
ibe, racking a Nshing busicess
that hod become oae of the esun-
try's blggest expariers during
the past 35 years. The Chilean Ie-
dustry, whose migor dients o
chude tha Urited Stotes and Bra-
4, wulfered more than 52 bilica
i losses, saw 25 production of
Allastic salmon Mo by he wnd
| B 00 Ky o8 26,000 workers,

The cutbreak in Chile also re.
vealed stroctucsd problems with-
In the Industry, inchading over-
crowding s pass tht esviron
imentalists say probably helped
spoed the spread of the virus
Snce then, the ndustry and the
Chilean governmscnt have mnsti-
twed & wide rarge of reforms to
ry o2 contin osbreaks, bux de
$7ie extensive e¥orts 1o rein it in
the virus continues 0o speead

Last weok, Chilean ssthorities
said 23 production centers were

with Nosway,

The comailssioa raded o1 Apeil
61hat thare had Bern ) schentic
misconduct, cearing the three
authees frem e University of
Bergen. Me. Dempster s Aqun
Gen stcod by a stedy frem the
University of Prince Edwsed s~
land chat concleded hant the virus
most kely entered Chiie la 1966,
when Agua Gen was Dt expors-
ing fish wggs 1o Chile, e noted
thot between 1566 and 207 *a
mutitude™ of Chilens and Noewo-
glan cempanies smt eges fram
Norwny to Chile,

“We Mnitisted that rescarch be-
cause we wonted 0 usderstand
bow LSA. was trazsmitied” Nx
Bergan said. *Balore that, the i+
entifc consensus® wns that the
vires “couM net bo tansmRied
by eggs”

But while Cermaq has scoope-
od the study's Gadisgs, Chile's
ows Natioral Pisting Service,
Sermapescn, sald it did not neces-
sarily seppoct tham. Insteod, Sers
napescs ralecred to the canchs
sion of the World Orpantzation
for Animal Health, whick has

An outbreak in 2007
revealed structural
problems in the
farmed.-fish industry.
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Time to detection (d)

MclLaws & Riddle, 2007 Can Vet J 48:1051-62



12/10/18

a

Infected
cattle farm

Disease Awareness

Hadorn and Stark, 2008 Vet. Res. 39:57

Infected
animal shows

.. clinical signs

Case not
detected

Case not
detected

CASE MISSED

Yes

Farmer detects
symptoms and
calls a

. ~.. | veterinarian

Case not
detected

CASE DETECTED
Disease
awareness
Yes
Veterinarian has
a bTB suspicion Disease
and conducts a awareness
tuberculin test
> Yes

Case not
detected

Tuberculin test
is positive
(depending on
test sensitivity)

Yes

Case
detected




Education

Time since previous
outbreak

Veterinary

> Awareness I E—

Infrastructure

Time from Infection to
Detection

Livestock demographics
(density, type, husbandry)
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Control, Methods
and Effectiveness
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L essons learned

Early detection and reporting of cases

Quickly spread to neighboring farms but “with help” of anthropogenic
activities.

Depopulation delay was crucial (4 times longer than the ISAV Scottish
epidemic). How about subsidies?

|dentification of super-spreaders for risk-based monitoring and
surveillance

Evaluate restrictions of fish movements

Within-farm spread provide clues about the infectious nature of ISAV
and importance of quick depopulation of infected cages/farms.



Dispersal routes of the ISA virus between countries
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Mardones et al 2018 (internal review) used Bayesian stochastic search variable selection (BSSVS) to fit
phylogeographic models to the FP gene (A) and HE gene (B) sequence dataset, and inferred geographic
connections (transmission routes) using Bayes factors (BF).



ISAV spatiotemporal spread

« from 1860 to 2014 for FP gene (A)
« from 1840 to 2014 for HE gene (B)

Global maximum clade credibility (MCC) phylogenies of
FP and HE gene of ISA virus annotated with spatial
discrete traits shown at intervals of years onwards.
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Estimation of the probability of freedom from ISAV in
farmed Coho salmon in Chile using scenario tree modeling
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Probability

Assessment of the overall surveillance for ISAV in farmed coho salmons

0.8
06
= PFREE
04 PFree = 0.953 (0.953-0.953) — SeP
' Sep,=0.99 (0.84 - 1) —  Pito
AUC:
02 0.95225
0.0
I | | | [ | T
2008 2009 2010 2011 2012 2013 2014

Follow-up by quarter Period: Sep 2007 - Dec 2014
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