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Cefas: preparing for, investigating and
ontrolling Aquatic Animal Disease Emergencies
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Moving Forward through Lessons Learned on Response Actions to Aquatic Animal Disease Emergencies
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Role/mandate & structures for dealing
with MME

» Cefas: Centre for Environment Fisheries and Aquaculture
Sciences. Executive Agency of UK’s Department for
Environment Food and Rural Affairs

* National: Cefas Weymouth laboratory: Fish Health Inspectorate

(FHI)

* International: OIE Collaborating Centre for Emerging Aguatic
Diseases
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Aquatic Animal Health: Official Services:
Fish Health Inspectorates

The Fish Health Inspectorates are the
official service for the control of serious
(listed) diseases of fish and shellfish in the
UK.

Listed diseases are generally untreatable,
and are likely to have a significant economic
Impact on aquaculture, and/or wild fish
populations.

The Inspectorates are also responsible for
the control of new and emerging diseases.

The Cefas FHI covers England and Wales;
Marine Scotland Science FHI covers
Scotland and DAERA FHI covers Northern
Ireland
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Main Aims

To prevent the introduction and spread of serious fish
and shellfish disease through:

: : Contingenc
Compliance Trade Responding

inspections to disease
and advice outbreaks

Risk based

Surveillance controls (emergency)

plans
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Disease controls

» Disease controls through statutory means

« Movement controls on infected areas: cull and
eradication; containment

« Contingency plans for serious disease outbreaks
« Covers management of outbreak
» Upscaling diagnostics if required
» Disease controls and exit strategy
« Communications across government and with stakeholders

« Multi-agency approach to assist FHI in application of
control measures Iif required

Centre for Environment
Fisheries & Aquaculture

Science




= Cefas

INTERNATIONAL
CENTRES OF
EXCELLENCE
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@ ‘A world-leading national capability’

International Centre of

Excellence for Aquatic Safe and sustainable seafood

Animal Health
Incorporating a designation
as an OIE Collaborating

Centre and OIE Reference Builds upon EURL statuses

Laboratories L

w New global designations pending

International Centre of Cross-cutting :e.g. FAO Reference

Excellence for Seafood Safety

Incorporating an application to Ce ntre fOr AMR (U K)*

the FAO as a Reference Centre
for Bivalve Sanitation

*with APHA and VMD


https://cefas.cefas.co.uk/centres-of-excellence/
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Centres of Excellence = Aguatic Animal Health = Designation = OIE Collaborating Centre for Emerging Aquatic Animal Disease

The emergence of disease in farmed and wild aquatic animals poses one of the most significant threats
to sustainable food production and to the stability of natural systems. Rapid detection, characterization
and reporting of the causative agents of disease provide a crucial first step in their control. For this
reason, efficient and accurate reporting of emergent disease threats forms the central precept of this
OIE Collaborating Centre. By working with our partners in aguatic animal health from across the globe,
often in countries where aguaculture forms an increasingly critical component of food production and
trade, we are focused on mitigating the yield-limiting effects of emergent diseases, improving the
reporting of new threats and ultimately reducing their transboundary spread via trade and other
pathways. In doing so, we aim to function as a global resource for research, diagnostics,
standardization of techniques and dissemination of knowledge in the field of aquatic animal health.

International Database on Aquatic Animal Diseases
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@QE) Aquatic Animal Health
\]\ (—)ip OIE Collaborating Centre for

s Emerging Aquatic Animal Diseases
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Prof Stephen W Feist
(Head of QIE Cellaborating Centre:

Emerging Agquatic Animal Diseases)

Contact Details:

stephen.feist@cefas.co.uk




Sector leads
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\ Aquatic Animal Health
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mm——— International Database on Aquatic Animal Diseases

. OIE Collaborating Centre for ) . _ . .
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The data is grouped in the following ways:
- OIE data

+ non-OIE data
« all data,

incorporating

https://www.cefas.co.uk/centres-of-excellence/aquatic-animal-health/designation/oie-collaborating-centre-for-emerging-aquatic-animal-disease/
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Ghana Tilapia MME: Historical disease context

Typically low production losses (<2% per
month; 10-25% over grow-out cycle)

Late 2015 rapid onset of increased mortality T

DOl: 10111 Ujd 12681

(40-70% over grow-out cycle) WiLEY

o~
Fish Iuas-s e

Associated with Streptococcus agalactiae wevociated with mortalties i the emerging Ghanaan tlapi
MLST 261 (Verner-Jeffreys et al., 2018) industry

D W Verner-Jeffreys® | TJ Wallis> | 1 Cano Cejas® | D Ryder' | D J Haydon? |

Autogenous vaccination introduced (Ridgeway JF Domazore | ) Dontw® | TR Fied® | DAditBoterg” | G Wood? | T Bear’
Biologicals)

Production sustained by use of antibiotics,
autogenous vaccination and over production
(Jansen et al., 2018)

Until...
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Fears over mass tilapia mortality

incident Sept/Oct 2018

o
by Efua Konyim Okai
23 October 2018, at 7:00am

Tilapia farming was a hot topic in Ghana last week after photos and videos of large
numbers of dead tilapia at the Asutsuare farm of a B 9| ® @Masstispiadeathal X |+

viral on social media. <« O @ £ hitps://www.youtube.com/watch?v=8Jwh06_qu-Y

o . = YouTube Search
Carl Fiati, a Director of Ghana's [ o
received a report from Fujian the

mn which, they believed, was the re:

by factories in the Asutuare Are:

amounted to 40 tonnes.

Acting on this report, the EPA
placed a ban on products of
Fujian, supervised the
destruction of the dead fish and
took samples of the fish and
water. The Ministry of Fisheries
and Aquaculture, the
Aquaculture Research and
Development Centre (ARDEC)
also took samples. Apart from

tests in local laboratories, some
‘EIJ © (2) Mass tilapia death at X 4= \e

Al vlnm mmimnialan siimvm ealimin —a
O @ ) | httpsy//www.youtube.com/watch?v=8Jwh06_qu-Y
Pl o) 0167149

o s = @VouTuhe* Search
Mass tilapia death at Asutuare

453 views
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Asutsuare tilapia deaths not from poisoning —
EPA

Date: Oct 22, 2018 , 08:00 BY: Severious Kale-Dery & Domonic Moses Awiah

Category: General News

Shares

The Environmental Protection Agency (EPA) has ruled out the
possibility that the fish Kill at the Ghanaweb %

Asutuare in the Shai Osudoku Di:

was due to poisoning. A e

News Sports Business Entertainment

In an interview in Accra last Saturday, thgsss i Aty o oot

L e - by NADMO on alert after 100 tonnes of tilapia die on fish farms
EPA, Mr Carl Fiati, said: "l can tell you w * . P ey cHOEE&
the allegation of poison is very remote." ="~ R baan oo s i 0 €

e B
St PR NADM) e arveampating e marrer




Epidemic

Sept - Nov 2018
Large scale acute mortality
events (60-90%, 100 tonnes)

Grow out cages — vaccinated
and unvaccinated

Feb 2019 - fry mortalities

March 2019 most farms in the
Volta region experiencing
Increased mortalities not able
to sustain by overproduction

Centre for Environment
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Epidemic
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Gross clinical signs

Abnormal swimming
Anorexia, enopthalmia
Skin haemorrhaging
Abdominal distension

Pale gills
(Bloody) Ascites

Enlarged and haemorrhagic organs —
particularly liver and kidney
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Initial diagnostics

Bacterial flora relatively normal — low level
Streptococcus and Aeromonas positive, r N\
occasional bacteraemia

RIDGEWAY BIOLOGICALS
Nodavirus and TiLV negative by qPCR IDT Biclogika Company
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Haematopoietic cell cytoplasmic and
nuclear pleomorphism

Marginalisation of chromatin

Typical of megalocytes in iridoviral
Infection (megalocytivirus)
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Molecular testing

 Conventional PCR -
* OIE recommended assay (Kurita et al., 1998) e i, 8 NG B R

* MCP gene (Rimmer et al., 2012) for improved 12 3 2 : %5 e o 10
phylogeny a8 R
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EU315313 1 Giant .‘m.!pnrr.h GSIvV-K1
ABXE3I097.1 Red sea bream
KF151171.1 Red seabream
GO202216.1 Spotted knifejaw SKIV- 2107
AB461856.1 Red sea bream iridovirus RSIV M6 . . .
100% identity in the MCP gene
KCT75382. 1 1I5KNV-NHOG0831
AY532613.1 Rock bream SBIV-KOR-TY
KCTT53B1.1 ISKNV-LI2012
ABGBSEE633E.1 Red sea bBream RSIV-G
ABBE6323.1 Red sea bream RSIV GIGA2
ABAG1855.1 Red sea bream RSV KST-¥-1
8 IKT9B9775.1 Grouper iridovirus
| AYS533035.1 Rock bream RBIV-KOR-TY2 T - -
0 several isolates of Infectious
ABBES332.1 Red séa Bream RSIV-S
ABGE6322.1 Red sea bream 766 - - -
spleen and kidney necrosis virus
AYEA9393.1 Rock bream CHU-1
T 100198145, 1 Olive flounder iridovirus

(ISKNV) from various species from

HO317463.1 ISXNY -HZhj
ABGE56330.1 Red sea bream RSIV-3 :
ABBEE320.1 Red sea bream TGALS AS I a
AY849394.1 Rock bream RBIV CHLI-2
s | AY532609.1 Rock bream RBIV-KOR -GJ
¥Y532607.1 Rock bream RBIV-KOR-TY3
LC1508E6.1 Red seabream RSIV HyoDS-13
ABEE6334.1 Red sea bream RSIV-T
ABBEEIZE.1 Red sea bream RSIV-1
AB178944.1 Red sea bream RSIV-K

IPSETLL Ll e Y125 genus Megalocytivirus,

ABBBE318.1 Red seabream RSIV 2HSE
= |AB104413.1 Red sea bream RSV

s sz family Iridoviridae (also inc. Ranavirus

%
GU168574.1 paradise fish Megalocytivirus PFOEf2008/KOR
ABBBE338.1 Seabass ISKMNY

and Lymphocystivirus)

ABEEEIA2, 1 mullet iridovirus 1SKNVMALSG
ABEEE344.1 dwarf gourami ISKNV DGALSER
ABBE5346.1 dwarf gourami ISKNVDGALD/E
. ABEEE3AE.1 dwarf gourami ISKNY DG12/8
HO317459.1 ISKNV-XH

HO317461.1 ISKNV-NZh

OIE listed — together with RSIV across

Lake Voita sample 1

HMOBTE35.1 Marble sleepy goby
[ sasson s a broad range of hosts
AYS30687.2 Turbot TRIV -
AYE3I9BE.1 Korean flounder FLV-WD
AYE33592.1 Korean flounder FLIV-FH
AY633990.1 Korean flounder FLIV-1Y
AY¥G633989.1 Korean flounder FLIV-ISY
AYEIZGBE. 1 Korean flounder FLIV-1
6335841 Korean flounder FLIV-YG
_JAY633982.1 Korean flounder FLIV-MI
| A¥E23980.1 Korean flounder FUV-DS1
AY532611.1 Rock bream RBIV-KOR -C§
HMES6017.1 Turbot R-603
AB166TEE. 1 Turbot
HMOG7603.1 Sea perch CH1

Centre for Environment
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Context

» Retrospective analysis of previous survey samples
ISKNV negative during 2016, 2017 and 2018.

Indicating recent introduction and spread

Not the first report of ISKNV in tilapia —
Subramaniam et al., 2016
Suebsing et al., 2016

First record associated with mass mortalities in tilapia
(currently not listed as susceptible)

First record in Africa

Centre for Environment
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ISKNV In Tilapia — ongoing work

Mortality ongoing — including all production stages
Juvenile animals express very high viral titres

Significant impact on production, business sustainability,
price and availability of tilapia at market.

OIE CCEAAD - currently working with the Ghanaian
ministry to develop in country diagnostic capabilities, map
the epidemic, investigate impact on other species, assist
In developing control strategies.

Prevention of national and transboundary spread
Prevention/early detection of future incursions

Centre for Environment
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ISKNV In Tilapia — future control

« Vaccination — (autogenous or otherwise) — likely high
chance of success
 surviving animals are showing natural immunity

« vaccine for RSIV in bream commercially available in Japan, several
groups working on experimental vaccines for ISKNV in a variety of
species but..

« Off-line bio-secure hatcheries required

« Selective breeding
» Possible strain differences
» High fecundity — 3 generations/yr

 Alternative treatments — heatshock / natural immunity

Centre for Environment
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5 minimum emergency disease
preparedness response requirements

1. Detection systems: field & lab (rapid/ accurate/ predictive?)
2. Effective Reporting systems (farm, national, international)
3. Rapid decision making processes

4. Control measures implementation plans

5. Underpinning regulatory frameworks

* Response —ideally- to be led at a country level by dedicated
and appropriately resourced Official Services

Centre for Environment
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The rise of the syndrome

‘A combination of (symptoms) and signs that together represent a disease
process’

Multi-agent or even, non-infectious
Genetic, nutritional, environmental sub optima
May be driven by other ‘pathogen exclusion’ approaches

May be more difficult to control than specific agents

Challenges traditional management strategy

white
| intestine

@PLOS ‘ PATHOGENS

" Citation: Stentiford GD, Sritunyalucksana K, Fliegel OPINION
M TW, Wilkams BAP, Withyachumnarnkud B, .

2 _ rangrasan 0.t v ermsorso | New Paradigms to Help Solve the Global
Centre for Environr | jaseos el Aquaculture Disease Crisis

Fisheries & Aquact

S . Grant D. Stentiford'®*, Kallaya Sritunyalucksana®®, Timothy W. Flegel®*, Bryony A.
cience P. Williams*®, Boonsirm Withyachumnamkul**, Orn Itsathitphaisarn®*®, David Bass'®®




Decentralise diagnostics

But, centralise data

Provide a decision tool where needed and, a means
of collecting surveillance data

The farmer is the keystone in facilitating
surveillance and disease management - a process
traditionally reserved for national Competent
Authorities

4
1

Fisheries & Aquaculture
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Innovate UK

Simple and quick

Smartphone app

Centralised data

Centre for Environment y @grcmtstent




Improved
Networking
of AHPs

More
efficient
networking
of a globally
deficit
resource

Fast track
diagnostics &
surveillance

Pathogen
genome data
open access

Translate
genome data
to diagnostics

Decentralise
diagnostics

x

Utilize farmer
network

Centralise the
data for
managament

Decipher
background
diversity

Pre-emergent
threats better
understood

Refine
diagnostics
for listed taxa

Single
pathogen to
pathobiome

Microbial
consortia and
disease
outbreaks

Microbiomes
and immunity

Embrace tech
and parallel
field thinking

Cutting edge
approaches in
medicine,
agri-tech etc

Remove silos

Create
resilient
hosts

Open access
host genome
data

Selective
breeding,
SNPs, edits..

4
s

o
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: . Moribund RNA Library
larvae extraction preparation Sequencing
: ORF1 — Replicase ORF2 — Replicase NOVEL
Polyprotein a Polyprotein b RNA VIRUS

Mass mortalities
¥ of M. rosenbergii
larvae in the hatchery
stage of culture in
W\ South Bangladesh y e

: <(~Cefas




Since 2011, Macrobrachium rosenbergii hatcheries have experienced mass
mortalities of larvae resulting in an 80% decline in the number of hatcheries
actively producing.

Discovery of a novel 29 kb single-stranded positive sense RNA virus associated
with mass mortalities of M. rosenbergii larvae in hatcheries in Bangladesh.

Specific PCR primers designed against the virus showed that it is widespread in
hatchery culture: Five hatcheries experiencing mortalities were tested and all five
were positive.

LH2 LH1 LH4 LH5 LH3

woee —————— 1 R e o

Ladder

Mass mortalities

of M. rosenbergii
¢«larvae in the hatcheryF
A stage of culture in  /

South Bangladesh

Further sampling planned for the 2020 production cycle to determine route of
entry into the hatcheries and to sample for histopathology.

>



Lab 1
Dr Simon Jones
Fisheries and Oceans

Nanaimo, Canada

Lab 5
Prof Niels Olesen

European Union Reference
Laboratory for Fish and
Crustacean Diseases

Copenhagen, Denmark

Emerging Aquatic Animal Diseases
St . &
artneﬁ_aboratorley,

7

Lab 2
Dr Gael Kurath

U.S. Geological Survey -
Western Fisheries Research
Centre

Seattle, USA

Lab 6

Dr Kevin Christison

Department of Agriculture,

Forestry and Fisheries

Pretoria, South Africa

Lab 3
Dr Fernando Mardones

Universidad Nacional Andres
Bello

Santiago, Chile

Lab 7

Dr Neeraj Sood

Indian Council of Agriculture
Research - National Bureau of

Fish Genetic Resources

Utter Pradesh, India

Lab4
Dr Isabel Arzul

European Union Reference
Laboratory for Mollusc
Diseases

La Tremblade, France

Lab 8

Prof Hong Lui

The Key Laboratory of Aquatic

Animal Disease

Shenzhen, P.R. China
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New Results

o ~ oAno First d ion of Infectious Spleen and kidney Necrosis Virus (ISKNV) associated
José Gustavo Ramirez-Paredes, William Hunt, M it st mmortaties i e dlap i AfTca
Te rry F I e | d ] DaVI d H ayd 0 n c TI m Othy Wal | IS - RIDGEWAY BIOLOGICALS José Gustavo Ramirez-Paredes, Richard K. Paley, William Hunt, Stephen W. Feist, David M. Stone, Terry Field,

\BT Bl David ). Haydon, Peter A. Ziddah, Samuel Ducdu, Timothy 5. Wallis, ©2) David W. Verner-Jeffreys
Biologika Comg

R i d g eWay B i 0 | Og ical S - R doi: https://doi.org/10.1101/680538

This article is 2 preprint and has not been peer-reviewed [what does this mean!]

Stephen Feist, Richard Paley, David Stone,
Chantelle Hooper, David Bass- Cefas -

In late 2018, unusual patterns of very high mortality (>50% production) were reported

Peter Ziddah y Mary N kasa — Fisheries :’f‘ ;""‘1 FISHER ‘7 C “ MISSION . in intensive tilapia cage culture systems across Lake Volta in Ghana. Affected fish

showed darkening, erratic swimming and abdominal distension with associated

CO m m I SS I O n G h an a z ascites. Histopathological observations of tissues taken from moribund fish at

different farms revealed the presence of lesions indicative of viral infection. These

Dr AWunI & team ’ leeStOCk Veterlnary SQfVlceS, UNIVERSITY OF GHANA included haematopoietic cell nuclear and cytoplasmic pleomorphism with

marginalisation of chromatin and fine granulation. Transmission electron microscopy

Samuel Duodu — University of Ghana

/‘;f

o8 @ﬂ} Aquatic Animal Health

Department

1 . for Environment \’ \ : .
F u n d INg. Food & Rural Affairs / ?:ecr;ilrl\agb:::al:ii i‘:\ri‘:r:ligzseases
« Ridgeway Biologicals
. Defra FX001 - (OIE CC-EAAD)
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Life stage
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Genetics Co-infection/microbiome
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Lessons learned: the ‘Exclusion’ paradigm

Get writing
Go to conference
Have a beer

Elevation agent to ‘infamy’ ./
‘Emergent’, ‘Listed’ «/
Diagnostic target /
Surveillance
Controlled
Host-Multi-Pathogen Warfare: NationaI/GIobal Focus v

Pathogen Interactions in Co-infected
Plants

Araz S. Abdullah’, Caroline S. Moffat’, Francisco J. Lopez-Ruiz’, Mark R. Gibberd',
John Hamblin? and Ayalsew Zerihun'

Exclusion
principle

by ;
& frontiers
in Plant Science

"
Centre for Environment y @grantstent

Fisheries & Aquaculture
Science




Bass et al. (2019). The pathobiome in animal and plant diseases. TREE (in review)

Decipher the ‘pathobiome’

i gut cropioms Manifestation of disease
Fish tissue and blood microbiome aSSOC|ated W|th |nfeCt|On
e by pathogen X may be
Sediment microbiome driven by shifts in the
Fish pathogen .

environmental/host
microbiome towards a
‘pathobiome’ state.

Shift to pathobiome state
may have significantly
preceded (in time)
replication of pathogen ‘X’

4
o

o

‘/F
Centre for Environment y @grqntStent Q __>
Fisheries & Aquaculture \ C a S

Science




Decipher the ‘pathobiome’
Recovery <:~ Progression

; T - - I Dvesse
S ] I I I I
A& I 1 I 1 1 status
‘2@6‘@0 ,’ e:» 1 1 I J
& s s ! ] ! T2 April (healthy) A
.7 $ / [} ] I P y
o /] : il (di
‘&& /I @,\5 / I I T1 April (diseased)
,Q’b ’ .°$\ ' l l
‘__,C»" PR ‘\y ,l Il 'I O
’/’ Q'S" ’, QD 7 Y} 0.5 _ crop
- & ’ & / ! T3 April .
[ & , & / / @ pangasius
& , e Y, (no fish) A T
q)’d ’ .\o& / ,’ —|— _|_ . tilapia
’ b /
R < / ~ I, 0.0 .
R & ’ 3 / o . location
- > ’ W / x P1 April (healthy) . ,
- & JRd 3 / . @ incubation
- & P .\o‘e / P3 April (no fish) .
o e e e v‘? ’ A scciment
’,f @\Qé' ,,’ -0.51 A B water
”” é‘&g /’ e —l—waterJune
_ - ,’ & # -
e R Yy Y 101 P2 April (diseased)
~== ’ Death
. ea
-
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- ()]
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—"' —15 T T T
_____...--"" 0 2 4
1 X1

Bass et al. (2019). The pathobiome in animal and plant diseases. TREE (in review)

Time

z . /
\

Fisheries & Aquaculture
Science




-
—

Who we are in Weymouth... R

Scientific division within Cefas — former MAFF
Fish Diseases Laboratory

Employs approximately 150 staff, apprenticeships,
Industrial placement students, MSc and PhD
students.

Mixture of funders Defra, Food Standards Agency

(FSA), Food Standards Scotland (FSS), EU, al:
commercial contracts, university research w
collaborations. Agency

Centre for Environment
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Fish and Shellfish Health at Weymouth

Fish Health Inspectorate — Competent Authority

* Prevent introduction and minimise impact of serious diseases
of fish and shellfish

* Investigation of emerging disease

» Biosecurity and economics
« Surveillance and diagnostics

« Use of new molecular techniques for pathogen characterisation
and detection

« Non-native species

Centre for Environment
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