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INTRODUCTION

The UK is free of a number of serious notifiable dis-
eases of fish that are found in mainland Europe. The
main route for the spread of infectious disease agents
both within and between countries is the movement of
live fish. Current EU legislation (EC Directive 2006/88)
minimises the risk of notifiable disease transmission by
only allowing live fish to be moved between zones or
countries of the same disease status (or from higher to
lower disease status). The UK, therefore, is protected
against the introduction of exotic notifiable pathogens
via the movement of live fish. However, free-living
parasites and pathogens can be mechanically trans-

ported by the movement of vehicles, people and equip-
ment (i.e. by fomites). The importance of mechanical
transmission depends on the survival of the pathogen
outside the host and also on environmental conditions.
In the 2001 foot and mouth epidemic in the UK,
mechanical transmission was an important route of
short and long distance spread (Anderson 2002). There
is evidence that aquatic animal diseases have also
been spread mechanically. Anguillicola crassus, a
nematode infection of eels Anguilla anguilla, is
thought to have been introduced to the UK by trans-
porters sent empty to the UK to collect eels for farming
and consumption in Europe (Kennedy & Fitch 1990).
Sharing equipment between sites probably resulted in
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the spread of infectious haematopoietic necrosis virus
(IHNV) in France (Hattenberger-Baudouy et al. 1988)
and in British Columbia (Hattenberger-Baudouy et al.
1988, St-Hilaire et al. 2002). Epidemiological studies of
infectious salmon anaemia (ISA) have identified poten-
tial routes of mechanical transmission, including divers
(Hammell & Dohoo 1999) or other members of the
workforce moving between sites (Vagsholm et al.
1994), boats delivering feed (Hammell & Dohoo 1999)
and well-boats transporting harvested Atlantic salmon
Salmo salar between farm sites (Murray et al. 2002).
The movement of live fish transporters, returning
empty to the UK from mainland Europe was identified
by Peeler & Thrush (2004) as a potential route of entry
for the exotic salmonid parasite Gryodactylus salaris.

In the present paper we describe a risk assessment to
investigate the potential for live fish transporters, moving
from mainland Europe to the UK, to mechanically intro-
duce Gryodactylus salaris and the exotic viral pathogens
of salmonids, viral haemorrhagic septicaemia virus
(VHSV) and IHNV, all of which are present in farmed
rainbow trout Oncorhynchus mykiss in mainland Eu-
rope. Risk analysis methods were originally developed
by the mining and petrochemical industries to assess the
likelihood and consequences of adverse events. They
have more recently been applied to biological systems.
Their use in animal health has largely focused on the in-
troduction of exotic pathogens via the international trade
in animal and animal products: import risk analysis
(IRA). Most recently, the risk of introducing viral haem-
orrhagic septicaemia virus to Chile via sardine Sardina
pilchardus exports from Europe has been investigated
(Hervé-Claude et al. 2008). IRA has been largely driven
by the Agreement on the Application of Sanitary and
Phytosanitary Measures of the World Trade Organisa-
tion (WTO 1995) (known as the SPS agreement), which
requires an IRA to justify sanitary measures over and
above those sanctioned by international agreement.
IRAs are, therefore, often initiated in response to pro-
posed importations of animals or animal products and
thus are conducted to determine whether trade should
take place and, if so, under what conditions. However,
an IRA may be used more broadly to help determine ap-
propriate biosecurity measures to minimise the likeli-
hood of exotic disease introductions (Peeler et al. 2007).
The present paper assesses the likelihood of pathogen
introduction given current practices, to support the de-
velopment of biosecurity strategies and to identify prior-
ities for future research.

MATERIALS AND METHODS

The likelihood of the introduction and establishment
of VHSV, IHNV and Gryodactylus salaris through the

movement of an empty live fish transporter from a rain-
bow trout farm in mainland Europe to England and
Wales is qualitatively assessed. The assessment con-
siders the likelihood that the pathogens are present on
the vehicle in residual pools of water, sediment, in
empty tanks or on equipment (nets, discharge pipes
etc.), or in dead or dying fish accidentally left on the
vehicle. The likelihood of the introduction and estab-
lishment of these pathogens is assessed for a single
lorry. The data required for a quantitative analysis are
identified. An unrestricted (i.e. without risk mitigation)
and restricted risk assessment were undertaken. The
consequences of the establishment of the disease
agents are not considered. The results of this analysis
are used to determine whether a full quantitative
analysis is required.

The import risk analysis method recommended by
the World Organisation for Animal Health (OIE 2001,
2006) has been adopted for our analysis. Hazard iden-
tification precedes the risk assessment, which has
4 components: (1) release assessment (description of
pathways necessary for introduction), (2) exposure
assessment (description of pathways necessary for the
exposure of aquatic species in the importing country to
the introduced exotic pathogen), (3) consequence
assessment (likelihood of establishment and identifica-
tion of the consequences of disease), and (4) risk esti-
mation (results of the previous 3 stages are integrated).
Risk management and risk communication are consid-
ered within the risk analysis umbrella but are under-
taken separately from the risk assessment process.
Here, we consider the release assessment, exposure
assessment and the likelihood of establishment (an
element of consequence assessment).

The scenario tree (see Fig. 1) represents the se-
quence of events necessary for the release, exposure
and establishment of these exotic pathogens via the
movement of live fish transporters. Information on the
geographic distribution of the pathogens in Europe,
their epidemiology and biophysical characteristics
were reviewed and used in estimating the likelihood
for each step in the pathway.

Descriptive terms are used to assess the likelihood
associated with the introduction of pathogens with live
fish transporters at each step in the scenario tree (given
that the previous steps have taken place). The qualita-
tive terms used are described in Table 1. An estimate
of the combined uncertainty (due to incomplete data)
and variability (due to observed biological variation)
associated with the estimate was also made (high,
medium and low). The method used in a recent Euro-
pean Food Safety Authority (EFSA) report (EFSA 2007)
was employed to combine qualitative estimates. Using
the matrix given in Table 2 the likelihoods of Step 1
and Step 2 were combined to give a conditional likeli-
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hood, which was then combined with the likelihood of
Step 3, and so on.

A telephone survey was conducted to establish
current risk management practice. British fish farms
rearing trout or salmon and owning fish transporting
vehicles, and haulage contractors specialising in live
fish transport (five of which routinely operate over-
seas), participated in the telephone survey which was
designed to assess lorry disinfection and other risk
reduction practices. Live fish transporters were identi-
fied through advertisements in the trade press and
through informal interviews with individuals involved
in the trade. In total, 16 operators were contacted. Only
5 of the large operators were found to operate in main-
land Europe.

RESULTS

Current situation 

Hazard identification. The UK has been approved as
having pathogen-free status for VHSV and IHNV, the
2 viral diseases listed under European legislation as
notifiable (List II) diseases (EC Directive 91/67) and
Gyrodactylus salaris (European Commission Decision

453/2004). These pathogens are found in rainbow trout
production in mainland Europe.

Movement of live fish transporters between the UK
and mainland Europe. Currently, the only trade in live
salmonids is with the Republic of Ireland and the
Channel Islands, which have equivalent health status
to that of the UK (i.e. freedom from VHSV, IHNV and
Gyrodactylus salaris). A number of companies operate
lorries that transport live fish in both the UK and main-
land Europe. The majority of these lorries operate in
France, but some also travel to sites in other parts of
Europe, for example Denmark, Belgium, Holland, Ger-
many and eastern European countries, before return-
ing to the UK.

Current risk reduction measures. Companies oper-
ating live fish transporters are advised by the Centre
for Environment, Fisheries and Aquaculture Science
(Cefas) that the vehicle should be cleaned out and
disinfected between consignments of fish. However,
no cleaning or disinfection is legally required.

Hazard description. The relevant information on
the hazards is summarised in Table 3. This infor-
mation was extracted from literature reviews of the
3 pathogens and was used to determine the likelihoods
at each step in the pathway.

Scenario tree

The main risk of mechanical transmission of the iden-
tified hazards via a fish transporter returning from
mainland Europe arises when the transporter is used
for movements between farms when abroad (i.e. carries
fish produced outside the UK). This scenario is mod-
elled in Fig. 1. The likelihoods and associated uncer-
tainty estimates for each step in the scenario are
summarised in Table 4. Lorries delivering fish originat-
ing in the UK to a foreign farm and then immediately
returning empty present a considerably lower risk. If
the hazards are present on the farm receiving fish, the
use of equipment carried on the lorry at the destination
farm may result in very low levels of the hazard being
transferred onto the lorry. It is also possible that small
quantities of the hazard become attached to the wheels
or clothing of the driver. It was concluded that these
scenarios represent a negligible risk at Step 1; there-
fore, they were not explored further.

Release assessment

Step 1. The likelihood that a live fish transporter car-
ries fish infected with VHSV, IHNV or Gyrodactylus
salaris depends on the farm-level prevalence of the
hazards. The distribution of the hazards is not well
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Table 1. Description of terms used to describe the risk of fish
pathogens or parasites being introduced to the UK (after Kahn

et al. 1999)

Likelihood Description

High (H) Expected to occur
Moderate (M) Occurrence less than 50% 

probability
Low (L) Unlikely to occur
Very low (VL) Rarely occur
Extremely low (EL) Very rarely occur
Negligible (N) Chance of occurrence so

small it can be ignored

Table 2. Matrix used to produce the pathway conditional like-
lihood for routes of disease introduction and establishment.
H: high, M: moderate, L: low, VL: very low, EL: extremely low,
N: negligible (lowest possible likelihood). N-EL combined

with a likelihood L reduces to negligible

Likelihood at Conditional likelihood to Step ‘n’
Step ‘n + 1’ N EL VL L M H

H N EL VL L M M   
M N EL VL VL L M
L N EL EL VL VL L

VL N N-EL EL EL VL VL
EL N N N-EL EL EL EL
N N N N N N N    
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Table 3. Description of the infectious agents (information extracted from literature reviews). VHSV: viral haemorrhagic 
septicaemia virus; IHNV: infectious haematopoietic necrosis virus

VHSV IHNV Gyrodactylus salaris

Transmission Shed in the urine of clinically Clinically affected fish shed virus Fish become infected through
affected fish (Neukirch 1985). in faeces, urine, sexual fluids and contact with parasites in the
Gills likely portal of entry (Meier external mucus. Virus is isolated water column or through direct
et al. 1994). Outbreaks linked to up to 50 d after exposure (Drolet contact with an infected fish or
feeding infected wild caught fish et al. 1995). Gills likely portal of substrate to which the parasite
(Dixon 1999); transmission via the entry (Meier et al. 1994). Vertical has adhered (Bakke et al. 2007)
oral route not definitively proved. transmission may also occur (virus
Survivors carry the virus up to 1 yr in sexual fluids) (Hattenberger-
(Jørgensen 1982). Baudouy et al. 1995, Overturf 

et al. 2001).

Survival 49 d at 10°C in tap water and 10 d Similar to VHSV. Survived in cell 4 d off the host (at 3°C) (Olstad
outside host at 4°C in mud (Ahne 1982a). culture supernatants for up to 36 et al. 2006) (maximum 7 d; 

Drying for 28 d at 4°C reduced and 16 d at 4 and 25°C, Mo 1997); doubled if parasites 
titre by 99% (Ahne 1982b). respectively (Hostnik et al. 2002); remain on the dead host 
Survives dry environment for 7 d culturable from viscera stored for (Olstad et al. 2006). Killed by 
at 4°C, 3–10 d at 17–22°C (Frost & 1 and 3 d at 25 and 4°C, desiccation, freezing, elevated
Wellhausen 1974) inactivated respectively (Hostnik et al. 2002). temperatures and full strength
within hours at temperatures Survival for up to 9 wk on salinity (Soleng & Bakke 1997).
between 35 and 50°C. See EFSA naturally occurring substances
(2007) for details. (e.g. clay) (Yoshinaka et al. 2000) 

and 7 wk in lake water 
(Wedemeyer et al. 1978). See EFSA 
(2007) for details.

Viral titre / High viral titres in the kidney and Isolated from naturally infected G. salaris (sensu strictu) — 
parasite spleen of clinically infected fish pre-spawning fish from all major adapted to Atlantic salmon — 
numbers (4.5–6.8 log10 TCID50 g–1), also organs, found at highest exist on rainbow trout in very

found in milt, ovarian fluid, liver, concentration in the gills, low numbers (OIE 2003).
heart and muscle (Wolf 1988). kidney, spleen and digestive tract Rainbow trout-adapted

(Mulcahy et al. 1984). strains may achieve high
infection rates (Jørgensen et al.
2007)

Infectious Minimum infectious dose Minimum infectious dose Single parasite 
dose unknown. Oral route may require unknown; transmission on shared (Jansen & Bakke 1991, 

high dose. Successful bath equipment (Hattenberger- Harris et al. 1994).
challenge in rainbow trout by Baudouy et al. 1988, St-Hilaire  
immersion in 25 PFU ml–1 et al. 2002) indicates low infectious
(Jørgensen 1992). dose.

Disinfection Disinfectants (e.g. chlorine, Susceptible to a wide range of Killed by aluminium sulphate at
hypochlorites and iodophors) are disinfectants (e.g. chlorine and 202 µg 1–1 (Soleng et al. 1999,
very effective at killing iodophors); efficacy affected by Poléo et al. 2004), and most
rhabdoviruses (Smail 1999). proteinaceous material disinfectants (e.g. iodine at 

(Inouye et al. 1991).  250 mg l–1; T. A. Mo pers. 
comm.). 

Geographic VHSV free zones established in Small areas of mainland Europe Originally Baltic watershed;
distribution Europe. Most rainbow trout approved free of IHNV. now also Denmark 

production in areas of (Buchmann & Bresciani 1997)
unknown status. and Germany (Cunningham et 

al. 2003), possibly more 
widespread.

Farm-level No data No data Rainbow trout-adapted strain in
prevalence high proportion of Danish 

rainbow trout farms 
(Buchmann & Bresciani 1997, 
Nielsen & Buchmann 2001).

Within-farm No data No data No data
prevalence
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established. However, VHSV and IHNV are known to
exist in farmed rainbow trout production throughout
mainland Europe, with the exception of approved free
areas. The distribution of G. salaris is even less well
established outside of the Baltic watershed. It is not
known if the parasite is present in France.

The estimated likelihood of the lorry visiting a farm
with VHSV- or IHNV-infected stock is low and the
likelihood of the farm having G. salaris infected stock
very low; these estimates have a high level of uncer-
tainty.

Step 2. The likelihood that the fish (or the transport
water) are infected with the hazard depends on the
prevalence of infection on the farm and the con-
signment size. Live fish transporters are generally used

in rainbow trout production to move consignments of
tens of thousands of juvenile fish from a hatchery to
ongrowing sites. Thus, even if the hazard is present at
a very low prevalence, as may be case for all 3 hazards,
it will be present in the consignment.

The likelihood estimate for all 3 hazards is high with
a low level of uncertainty.

Step 3. The likelihood of the hazard remaining on
the lorry once the lorry has off-loaded the fish depends
on  the (1) prevalence of infection in the fish, (2) excre-
tion of the VHSV and IHNV or shedding of Gyrodacty-
lus salaris, and (3) likelihood that any dead fish remain
on the lorry.

The farmer is unlikely to knowingly sell fish exhibit-
ing clinical signs of infection; however, within a con-
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Lorry collects fish from a farm with
stock infected with the hazard

Lorry carries a consignment of
infected fish

Lorry contaminated after delivering
fish (hazard in residual water, dead

fish etc.)

Hazard survives journey in lorry until
farm with susceptible fish is visited

Hazard survives journey to UK

yes

yes

yes

yes

Index fish becomes infected
  in the farm

Step 1

Step 2

Step 3

Step  4

Step 5

Step 7

Step  8

Fish exposed to hazard in the
farm

Step 6

yes

Hazard becomes established in
farmed population

yes

yes

Exposure and establishment
assessment

Release assessment

Fish exposed  to hazard on lorry

Fish become infected on lorry

yes

OR

yes

yes

OR

Fig. 1. Scenario tree for the introduction and establishment of viral haemorrhagic septicaemia virus (VHSV), infectious 
haematopoietic necrosis virus (IHNV) and Gyrodactylus salaris into the UK by fish transporters
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signment a small number of clinically affected fish may
not be noticed. Thus, the majority of infected fish in the
consignment will have subclinical infections of IHNV
or VHSV. The stress of transport may result in the
recrudescence of the viral infection and excretion of
the virus and mortality; however, this is unlikely to
occur during transport. Gyrodactylus salaris sensu
stricto causes no clinical signs in rainbow trout, where
prevalence is variable but generally low (<5%) and
abundance is low (OIE 2003). The rainbow trout
adapted strain of G. salaris (which is more likely to be
present in farmed rainbow trout than G. salaris sensu
stricto) may be present at high prevalence and
abundance. Prevalence and abundance will depend on
the frequency of treatment for ectoparasites and
environmental conditions. It is likely that G. salaris
parasites will detach from infected fish during trans-
port, resulting in contamination of the lorry.

The risk of contamination is low for VHSV and IHNV
(with moderate uncertainty) and high for Gyrodactylus
salaris (low uncertainty). Some mortality can be
expected during transport, and if these dead fish
remain in the lorry following delivery of the consign-
ment, the likelihood of contamination with VHSV and
IHNV increases to moderate.

Step 4. The survival of the pathogen on the journey
to the UK will depend on the duration of the journey
and the environmental conditions, notably tempera-
ture and humidity. The duration of the journey is
highly variable from a maximum of approximately 3 d
(e.g. from farms in Estonia) to less than 6 h (e.g. from
farms in northern France). Evidence cited in Table 3
indicates that IHNV will not survive more than 3 d in

viscera (at 4°C). VHSV has similar survival characteris-
tics and survival in viscera is likely to be of the same
order. In the environment survival will be considerably
longer. It can be concluded that the viral load in dead
infected fish in the lorry will have decayed signifi-
cantly before arrival in the UK. Free VHSV or IHNV in
the environment will have survived better, especially
at low temperatures. Conversely G. salaris will survive
better on dead fish (where they continue to feed) than
off the host (maximum 6 d).

The amount of the hazard present will decline dur-
ing the journey. However, some viable hazard is likely
to persist. Therefore, the likelihood of survival during
transport is judged to be high for all the hazards with a
moderate level of uncertainty.

Exposure assessment and establishment

Step 5. On returning to the UK a lorry may travel
directly to a farm site or alternatively to a depot. The
time before exposure at a fish farm may occur varies
from a few hours, to several days or even a week or
more. The pathogen may have already survived a con-
siderable period outside the host or in a dead host. The
probability of continued survival in the transporter
depends on the time spent at a depot and/or the dura-
tion of the onward journey from the UK border and
environmental conditions (notably temperature and
humidity). Elevated temperatures and desiccation will
decrease the survival time.

During this step, the amount of hazard present will
continue to decline and the probability that viable
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Table 4. Unrestricted assessment of likelihoods for each step of the scenario tree (Fig. 1) (and conditional likelihoods in parenthe-
ses). See Table 1 for a description of qualitative terms and Table 2 for method for calculating conditional likelihood estimates.
VHSV: viral haemorrhagic septicaemia virus; IHNV: infectious haematopoietic necrosis virus; G. salaris: Gyrodactylus salaris. 

For other abbreviations see Table 2

Step Description Likelihood (conditional) Uncertainty
VHSV IHNV G. salaris VHSV IHNV G. salaris

Release assessment
1 Lorry collects fish from a farm stocked with L L VL H H H

fish infected with the hazard
2 Lorry carries a consignment of infected fish H (L) H (L) H (VL) L L L
3 Lorry contaminated after delivering fish L (VL) L (VL) H (VL) M M L
4 Hazard survives journey to the UK H (VL) H (VL) H (VL) M M M

Exposure assessment
5 Hazard survives journey to fish farm M (VL) M (VL) M (VL) H H H
6 Contact made between hazard and host M (VL) M (VL) M (VL) L L L

(on lorry or at first farm visited)

Establishment
7 Hazard infects index case VL (EL) EL (N-EL) M (VL) H H M
8 On average more than one case results M (EL) M (N-EL) M (VL) H H H

from each infection 
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virus or parasites remain is judged to be moderate for
all the hazards, with high uncertainty due to variation
in time from arrival in the UK to visiting a farm and
conditions of transport.

Step 6. The hazard may gain access to a susceptible
species in 2 ways. Firstly, in collecting fish at the first
farm visited, the resident fish stocks may become
exposed to the hazard if either dead fish on the trans-
porter or contaminated water, enter the aquatic envi-
ronment on the farm. the likelihood of this occurring is
low for all hazards. Secondly, fish loaded on the
transporter may become exposed to the hazard during
transit. Thus, infected fish, or the hazard (present in
the transport water) are delivered to the second farm.
This route has a moderate likelihood with a low level of
uncertainty.

The overall likelihood (considering both routes) of
susceptible fish becoming exposed is moderate for all
hazards, with low uncertainty.

Step 7. The likelihood that once introduced into a
farm, the hazard will result in infection depends upon
the level of challenge (e.g. viral dose or number of
parasites), the viability of the pathogen and the sus-
ceptibility of the fish population. For the viral hazards
a very high level of uncertainty exists since there are
few data on the minimum infectious dose and the
likely level of hazard to which the fish will be exposed.
It is highly likely that initial viral contamination will be
low and will decline during transport. A sufficient viral
load may be delivered if dead fish are carried in the
transporter at a low temperature (i.e. during winter),
and are then scavenged. However, the oral route has
not been established as a route of infection for IHNV. A
single Gyrodactylus salaris parasite can result in an
outbreak, since parasites carry progeny which are also
pregnant; hence, they have been referred to as ‘Russ-
ian dolls’ (Bakke et al. 2007). Thus, the likelihood of
establishment is higher (with less uncertainty) com-
pared with the viral hazard.

The likelihood that exposure leads to infection for
VHSV is very low, for IHNV is extremely low, and
both carry a high level of uncertainty. The likelihood
for G. salaris is moderate (with moderate uncer-
tainty).

Step 8. The disease will only establish if the first fish
to be infected (the index case) successfully infects
another fish. The infection will establish if, on average,
each infected fish infects more than one other fish
(basic reproduction number, R0 > 1) (Nokes & Ander-
son 1988). The duration of infectivity and the effective
contact rate between fish (i.e. contacts that result in
transmission) will determine R0. These parameters are
not known for the hazards. However, rainbow trout
farms stock fish at high densities that may result in
high contact rates for horizontally transmitted diseases.

The likelihood for all hazards that they establish fol-
lowing the infection of the index case(s) is moderate,
with a high level of uncertainty.

Risk estimation

Release assessment. Overall, the likelihood that a
lorry will return to the UK carrying any of the 3 haz-
ards is very low. Most uncertainty exists around the
estimates of Step 1 (hazard is present on the farm).

Exposure assessment and establishment. Once
release has taken place, the likelihood for all the haz-
ards that exposure will take place is low (2 steps with
medium likelihood estimates) with a high level of
uncertainty at Step 5 (survival in the transporter before
arrival at a farm). The likelihood that establishment
will follow exposure is very low for VHSV, extremely
low for IHNV and low for Gyrodactylus salaris. Both
establishment steps (Steps 7 and 8) were judged to be
highly uncertain for the viral hazards.

Release, exposure and establishment assessment.
The overall estimate of release and exposure is
extremely low, negligible to extremely low and very
low for VHSV, IHNV and Gyrodactylus salaris, respec-
tively. A total of 4 of the 8 steps had a high level of
uncertainty for the viral hazards (3 steps had high
uncertainty for G. salaris).

Telephone survey

All 5 British companies interviewed transport
salmonids outside of the UK but do not transport any
salmonid fish species between farm sites overseas.
They operate in Ireland, France, Denmark, Germany,
Portugal, Belgium and Spain. The main fish species
transported are Atlantic salmon, rainbow trout, eel
Anguilla anguilla and carp Cyprinus carpio. The com-
panies operate between 1 and 5 vehicles and make
between 2 and 15 journeys from mainland Europe to
the UK per year. On return to the UK, the lorries travel
either to depots (n = 2), farms (n = 2) or either a farm or
depot (n = 1).

Lorries might be cleaned and disinfected after leav-
ing a farm and before boarding a ferry for the return
journey. The likelihood of cleaning and disinfection at
any of these stages varies between companies and on
the availability of the necessary facilities (i.e. water
supply, hoses etc.). Four of the companies interviewed
were not aware of any specialised disinfection facilities
abroad. It is also possible that the transporter is
cleaned but not disinfected: 3 of the companies inter-
viewed do not disinfect their lorries before returning to
the UK. All the companies interviewed thoroughly
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clean and disinfect their lorries in the UK irrespective
of whether they had been cleaned or disinfected
abroad.

Thorough cleaning will reduce or eliminate most
contaminations and it can be assumed that cleaning
will remove any dead or dying fish. However, inade-
quate cleaning may result in pools of water or sedi-
ment containing the pathogen or even dead fish
remaining on the lorry. All companies interviewed
stated that any dead fish (even small fingerlings) were
very unlikely to remain in the tanks after cleaning. All
3 pathogens are susceptible to the majority of commer-
cial disinfectants. If an unsuitable disinfectant or a
poorly prepared effective disinfectant is used the
pathogen might survive. The likelihood that VHSV,
IHNV or Gyrodactylus salaris remain in the transporter
following cleaning and disinfection is very low for
VHSV and IHNV and extremely low for G. salaris.

Restricted risk assessment

A restricted assessment was made assuming clean-
ing and disinfection took place on return to the UK
before the lorry visited another farm (Table 5), which
was estimated to reduce the likelihood of Step 5 to very
low for the viral hazards and extremely low for Gyro-
dactylus salaris. In the event of the hazard surviving
cleaning and disinfection, the amount of hazard
remaining will have been greatly reduced. Therefore,
the likelihood of Steps 6 and 7 occurring is lower than
is the case for an unrestricted analysis. The overall
estimate for release, exposure and establishment is
negligible for all 3 hazards.

DISCUSSION

This paper has 2 main components: a risk assess-
ment for introduction of exotic pathogens via the
movement of live fish transporters and a survey to
determine current practices of live fish transporters
based in the UK and currently operating in mainland
Europe. Risk management was considered separately
to risk assessment. The main findings are that if
transporters made deliveries within Europe, the like-
lihood of introduction, exposure and establishment
varied from very low (for Gyrodactylus salaris) to
extremely low to negligible (for INHV). All the risk
estimates carry a high level of uncertainty. The haz-
ards will only establish if a susceptible individual is
exposed to a minimum infectious dose. For the viral
hazards, a very high level of uncertainty exists re-
garding both the amount of virus that remains on a
lorry after it has moved a consignment containing
infected fish, and the minimum infectious dose. Both
lack of information and significant natural variability
contribute to the total uncertainty. G. salaris has a
higher likelihood of establishment, and less uncer-
tainty, compared with the viral hazards, because it is
known that only 1 parasite is needed to cause an out-
break. It is also very clear that this route is consider-
ably more likely to introduce the rainbow trout-
adapted strain of G. salaris, than G. salaris sensu
stricto. Other important sources of uncertainty are
common to all the hazards. Whilst it was estimated
that the likelihood that the lorry had collected fish
from a farm where stock infected with the hazard
was low or very low (for G. salaris), these estimates
carry a high level of uncertainty due to the lack of
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Table 5. Restricted assessment of likelihood of infection for each step of the scenario tree (Fig. 1) (and conditional likelihoods in
parentheses). Cleaning and disinfection on arrival in the UK decreases likelihood at Step 5. See Table 1 for a description of qual-
itative terms and Table 2 for method for calculating conditional likelihood estimates.VHSV: viral haemorrhagic septicaemia virus,

IHNV: infectious haematopoietic necrosis virus; G. salaris: Gyrodactylus salaris. For other abbreviations see Table 2

Step Description Likelihood (conditional) Uncertainty
VHSV IHNV G. salaris VHSV IHNV G. salaris

Release assessment
1 Lorry collects fish from a farm stocked with L L VL H H H

fish infected with the hazard
2 Lorry carries a consignment of infected fish H (L) H (L) H (VL) L L L
3 Lorry contaminated after delivering fish L (VL) L (VL) H (VL) M M L
4 Hazard survives journey to the UK H (VL) H (VL) H (VL) M M M

Exposure assessment
5 Hazard survives journey to fish farm VL (EL) VL (EL) EL (N-EL) L L L
6 Contact made between hazard and host L (EL) L (EL) L (N) L L L

(on lorry or at first farm visited)

Establishment
7 Hazard infects index case EL (N) EL (N) L (N) H H M
8 On average more than one case results M (N) M (N) M (N) H H H

from each infection 
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data on the farm-level prevalence. The main factors
determining the assessment of exposure are the con-
ditions within the transporter and the time from
entering the country to visiting a farm, which will
vary greatly with time of year and between visits;
hence, Step 5 has a high level of uncertainty (due
mainly to natural variability).

Whilst all reasonable efforts were made to identify
live transporters operating in mainland Europe, it is
possible that some companies were not identified.
Nevertheless, the responses from the companies con-
tacted were consistent. All international movements
of salmonid fish by the companies interviewed origi-
nate from UK farms. None of these companies trans-
ports foreign stocks of fish susceptible to VHS, IHN
or Gyrodactylus salaris while abroad. However, it is
possible that in the future some companies may
extend their activities to include movements within
Europe. The interviewees had a high awareness of
the disease status in the countries their lorries visited
and the potential implications of an exotic disease
introduction to their own businesses and reputations
as well as the disease status of the UK. It was con-
cluded that strict cleaning and disinfection proce-
dures are observed. The risk management currently
practised by live fish operators based in the UK but
operating in mainland Europe would reduce the esti-
mated unrestricted likelihood to negligible. Given the
number of lorries used in the UK and abroad together
with the current risk management and operating
practices (e.g. not moving fish between farms over-
seas), the current risk of exotic disease introduction is
negligible. Since the unrestricted likelihood for all
hazards is greater than negligible and highest for G.
salaris, it is important that changes in the practices of
operators working abroad are monitored. It is realistic
to assume that some companies regularly sending
vehicles to Europe could diversify into making move-
ments between farms, or if market forces changed,
new companies might enter into the market that
might not follow the cleaning and disinfection proce-
dures currently practiced. Consideration needs to be
given to formalising the currently practised biosecu-
rity measures through an industry Code of Practice. If
companies change their current mode of operation
and, for example, make deliveries between farms in
mainland Europe, formalising or legislating cleaning
and disinfection may be necessary. The risk of dis-
ease transfer by well-boats has been recognised, and
guidelines to minimise the risk appear in a Code of
Practice for well-boats transporting Atlantic salmon
(Anonymous 2000).

The present paper raises a number of methodologi-
cal issues about qualitative risk assessment. In quanti-
tative analysis, uncertainty can be modelled as the

distribution around the most likely, or mean, point esti-
mate of a probability. An estimate of the uncertainty of
the outcome is achieved through stochastic simulation.
Furthermore, if the data allows, uncertainty due to lack
of data and natural variability should be distinguished
(Vose 2000). In the present paper, we make a qualita-
tive estimate of the overall uncertainty at each step and
discuss its source. Qualitative assessment of uncer-
tainty is used in pest risk assessment, for example to
assess the risks of introducing alien fish species (Copp
et al. 2005). By assessing the uncertainty at each step
in the pathway, future research to either collect miss-
ing data or better assess natural variation can be for-
mulated. No well-developed method for combining
qualitative estimates of likelihood or uncertainty is
available currently. One approach is to assign quanti-
tative estimates to each qualitative value to allow the
probabilities to be multiplied together. However, this
semi-qualitative approach suffers from a number of
flaws, discussed by Morris & Cogger (2006). A matrix
approach to combine probability and impact is well
established (Vose 2000) and used in IRA to combine
the likelihood of introduction and establishment with
consequences (Kahn et al. 1999). In this paper, we
extended the approach to combine the likelihood of
each step to produce an overall estimate of likelihood
for the pathway, an approach recently applied else-
where (EFSA 2007). This approach is unsophisti-
cated, and once again has mathematical limitations
(Cox 2008), but has the advantage of transparency.
Cox (2008) highlighted the problem of ‘range compres-
sion’ that may arise when the same rating is given to
different likelihoods. He also notes that matrices may
also lead to errors in ranking hazards. Given the limi-
tations of the qualitative approach and the high level of
uncertainty at a number of steps in the pathway, the
overall likelihood estimate is less important than other
insights that the risk assessment provides.

In a quantitative analysis the amount of hazard
released could be modelled by estimating an initial
level of contamination and rate of decay. This qualita-
tive analysis considers hazard release as a binary
event: the event is considered to have a positive out-
come if any amount of the hazard is present. The
amount of hazard released is critical in determining
the likelihood of establishment; thus, the qualitative
approach, which does not take into account the
amount of hazard released, is clearly limited. Quantita-
tive microbial risk assessments, designed to assess a
safe level of exposure to a microbrial hazard, involve
modelling the dose–response association (National
Research Council 1983). The same approach could be
used in this analysis if the data allowed the association
between level of exposure of the susceptible species
and likelihood of infection to be modelled.
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CONCLUSION

Risk assessments are undertaken to support deci-
sion-making. The qualitative approach adopted in this
paper provides a firm basis on which to consider policy
development to reduce the risk of disease introduction
via the movement of live fish transporters to an accept-
able (e.g. negligible) level. Quantitative analysis
would be of limited value whilst key parameter esti-
mates (e.g. farm-level prevalence of the hazards and
the minimum infectious dose for the viral hazards) are
not known. The key question this analysis sought to
address is whether the current measures to prevent
disease introduction via live fish transporters are ade-
quate or if additional measures (e.g. certification and
inspection) are justified. Further research into viral
load in subclinically infected fish, the minimum infec-
tious dose and the distribution of the hazard in main-
land Europe would allow a more accurate estimate of
the risk of disease introduction via live fish trans-
porters. On the basis of the currently available data,
we conclude that the likelihood of the introduction,
exposure and establishment of the identified hazards
through the movement of live fish transporters, as cur-
rently operated, is negligible.
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