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Abstract 
OsHV-1 μVar-related mortality is well described in several countries, including France. In Ireland, 

 

similar management and environmental conditions within the same bay and oyster stocks grown 

mortality during 
2012 include temperature increase and hatchery source. However, no consistent association between 

 oyster mortality and OsHV-1 μVar prevalence during 2012 was observed, either within or 
-

Introduction

Ostreid Herpesvirus-1 microvariant (OsHV-1 

in association with massive mortality events in 

OsHV-1 microvariant has been associated with 
 in Europe (France, 

Ireland, Italy, the Netherlands, Spain, UK), Aus-

tralia, New Zealand, and Korea, but is known to 

al., 2014; Dundon et al., 2011; EFSA, 2010; Jee 
et al., 2013; Keeling et al., 2014; Paul-Pont et 
al., 2014; Peeler et al., 2012; Roque et al., 2012; 

 (Clegg et al., 2014). Since 
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-

is now considered endemic (Morrissey et al., 
2015; Renault et al., 2012).

OsHV-1 μVar-related mortality is well described 

France (Garcia et al., 2011; EFSA, 2010). In 

-

another as well as within a given production 

-

studies have been conducted. Peeler et al. (2012) 

with hatchery source and OsHV-1 μVar viral 
load. Further work was recommended, to gain 

temporal relationships between OsHV-1 μVar 

Considering the above, in this study we aim 
 oysters 

-
ery sources which were grown under similar 
management and environmental conditions 
within the same bay, and compared mortality 

-
-

μVar prevalence in these oyster stocks over the 

mortality and OsHV-1 μVar prevalence.

Materials and methods
Study population
Seven bays around the Irish coastline, and nine 
study sites within these bays, were enrolled into 
the study (Figure 1, Table 1). The  oyster 

a particular study site within a bay during late 
2011 and early 2012. The seven study bays were 

(Sherkin, Castlemaine, Gweedore) (Figure 1), 
-

tory analysis. 

Data collection
Data collection was conducted during the study 

March 2013). Oyster stocks are re-laid in autumn 
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 oyster stocks included in this study. 

Bay Study site Type of sam-
pling (Intensive/
Less-intensive)

Total stock 
namea

Total number 
of batches per 

stock

Total quan-
tity of stock 
(Numbers)

Lough Study site 1 
Intensive CL Hatchery A 1 300,000

CL Hatchery B 1 1,000,000 -

CL Hatchery C 2 3,000,000 -

CL Hatchery F 6 -

Dungarvan Dungarvan 
Study site 1

Intensive DN Hatchery A 5 5,600,000

DN Hatchery C 1 5,000,000 -

Donegal Bay Donegal Study 
site 1

Intensive DL Hatchery A 15 12,650,000

DL Hatchery B 3 3,900,000 -

DL Hatchery C 1 3,333,333 -

DL Hatchery F 6 9,400,000 -

Clew Bay Clew bay Study 
site 1

Intensive CB Hatchery A 9 11,750,000

CB Hatchery B 2 3,700,000 -

CB Hatchery C 1 3,000,000 -

CB Hatchery E 1 500,000 -

CB Hatchery F 1 3,000,000 -

Clew Bay Study 
site 2

Intensive CB Hatchery G 3 9,500,000

Sherkin Sherkin Study 
site 1

Less intensive SH Hatchery A 2 2,000,000

SH Hatchery G 2 600,000 -

SH Hatchery H 1 500,000 -

Castlemaine Castlemaine 
Study site 1

Less intensive CM Hatchery D 1 100,000

CM Hatchery G 1 200,000 -

CM Hatchery H 1 200,000 -

Gweedore Gweedore Study 
site 1

Less intensive GW Hatchery H 2 450,000

Gweedore Study 
site 2

Less intensive GW Hatchery A 1 250,000

GW Hatchery C 1 200,000 -

GW Hatchery G 2 700,000 -

GW Hatchery H 1 200,000 -

a .
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and spring; hence some oyster stocks included 
in this study were re-laid in autumn 2011 whilst 
the others were re-laid in spring 2012. Grading 

any oyster stock where mortality occurred, 

oyster 

points during the production phase on the study 
sites within intensive study bays (Table 2), and 
as soon as mortality was reported on the study 
sites within less intensive bays.

Figure 1. The seven study bays, including the 4 intensive study bays (Red) and 3 less intensive study bays 

the production cycle (Table 2) whereas study sites within less intensive study bays were sampled only when 
mortality in oysters occurred.



54, Bull. Eur. Ass. Fish Pathol., 37(2) 2017

Descriptive analysis of mortality
-

centage mortality was calculated as the quantity 

-

intensive study bays. A similar approach was 
used to compare the mean mortality amongst 
oyster stocks. All analysis was carried out using 
SAS version 9.3.

Descriptive analysis of OsHV-1 μVar 
prevalence
A longitudinal sampling protocol was con-
ducted at study sites within intensive study 
bays to assess OsHV-1 μVar prevalence during 

sites within less intensive study bays, molecular 
 oysters 

took place only when mortalities were reported.

bays,  oysters were sampled (60 animals 

QIAamp DNA Mini Kit (Qiagen) using Qiagen 

real-time positive PCR products (that gave the 

PCR) using a real-time PCR method which is 

OsHV-1 μVar prevalence was analysed similarly 
to mortality levels, by comparing prevalence 
between bays, within bays, between bay sam-

prevalence between and within bays, a negative 
binomial regression model using the genmod 
procedure was used. 

Relationship between mortality and OsHV-1 
μVar prevalence

Table 2.
Lough, Dungarvan Harbour, Clew Bay).

Sample number Timing

1 Jun 2012
2 / 3 Aug/Sept 2012

2-3 weeks apart.
4 Oct 2012
5 Nov/Dec 2012
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-

stock on site in the bay. This was assumed to 
-

by hatchery source) were created to investigate 
the association between mortality and OsHV-1 
μVar prevalence, which determined whether or 

Descriptive analysis of environmental data

changes during the period when mortality events 

using Matlab (MathWorks, Natick, MA, USA), to 

-
mental conditions. Recordings were not avail-

the recording equipment. These data loggers 
were programmed to record environmental 
parameters (temperature, salinity, pressure, 

Results and discussion
C. gigas mortality during 2012 
Nine study sites within seven study bays were 
enrolled in the study (Figure 1). Oyster stocks 

 oysters 

individual animals involved, the study gener-
ated only limited data on oyster mortalities 

 
-

 during 2012 occurred in mid-late August, 
much later in the season than usual, possibly as 

the summer months. In addition, the summer 
-

ditions with lower summer temperatures and 

-

Relationship between mortality and OsHV-1 
μVar prevalence

OsHV-1 μVar prevalence suggested over-dis-

positive samples should be modelled using a 

results, there were issues with small sample 
sizes within bay (Table 4).

no apparent relationship between mortality 
and OsHV-1 μVar prevalence, either amongst 
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Table 3. Average oyster mortality (%) - by study bay, bay sampling intensity and oyster stock.

Study bay

Stock

Intensive Less intensive

Over-
all

Clew Bay Carl-
ing-
ford 

Lough

Dun-
garvan 

Har-
bour

Do-
negal 

Bay

Gweedore Bay Sher-
kin

Cas-
tle-

maine

Site 1 Site 2 Site 1 Site 2

Hatchery A 12.9 - 24.2 19.6 70.0 - 15.0 - 26.1

Hatchery B 14.9 - 40.0 - - - - 41.5

Hatchery C - 16.7 10.4 - 26.0 - - 29.9

Hatchery D - - - - - - - - 22.0 22.0

Hatchery E 60.0 - - - - - - - - 60.0

Hatchery F 25.0 - 40(30)a - - - - - 43.7

Hatchery G - 94.7 - - - - 70.0 -

Hatchery H - - - - - 29.5 25.0 - 47.1

Overall 94.7 30.2 15.0 74.9 29.5 49.4 40.0 22.0
 

a

*(-) - denotes that stock was not present on site

Table 4. Average OsHV-1 μVar prevalence (%) over time - by study bay, bay sampling intensity and oyster stock.

Study Bay

Intensive Less intensive

Stock

Clew Bay Carl-
ingford 

Lough

Dun-
garvan 

Har-
bour

Done-
gal Bay

Gwee-
dore 
Bay

Sher-
kin

Castle-
maine Overall

Site 1 Site 2

Hatchery A 0 - 51 16.7 12.2 - 43.3 - 30.5

Hatchery B 2.5 - 44.3 - - - - 26.7

Hatchery C - - 30.5 34.9 - - - - 26.3

Hatchery E - - - - - - -

Hatchery F 17.5 - - 36.5 - - -

Hatchery G - - - - - -

Hatchery H - - - - - 90 60 - 75

Overall 54.9 25.7 90 47.1 - -
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stocks within a bay or between stocks across 
bays (Figures 2 and 3).

bays or between stocks within the same bay, 
based on data presented in Table 4. However, 

μVar prevalence during active mortality. 
Overall, the results are inconsistent between 
sites, with no clear statistical association 
between mortality and OsHV-1 μVar preva-
lence amongst individual stocks or between 
individual stocks. Even though particular hatch-
ery sources showed some association with in-
creased mortality, issues with small sample 

These results demonstrate the unpredictable 

prevalence in Ireland over the past number 

mortality in  oysters was associated with 

hatchery source and OsHV-1μVar viral load 
(Clegg et al., 2014; Peeler et al., 2012), the results 

1μVar related oyster mortalities in Ireland may 
not always occur in a predictable manner, when 
compared with other countries where summer 
water temperatures are generally higher, more 

to previous years.

Descriptive analysis of temperature data 
where mortality was recorded

was observed to increase as temperature in-

Figure 2. Plot showing overall oyster mortality (%) by overall OsHV-1 μVar prevalence (%) grouped by each 



Figure 3. Plot showing overall oyster mortality (%) by overall OsHV-1 μVar prevalence (%) grouped by 
oyster stock.

Report of
mortality

Figure 4.
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We accept, however, that it is not possible to 

μVar prevalence, as pathogen detection during 
a particular time period was assessed solely 

-
quent analysis. 

Methodological challenges
Several methodological issues and challenges 

sample size was limited to 7 bays and 9 sites, 
which meant that in most cases, only descriptive 

) in July 2012, 
which is believed to have caused widespread 

country, in all oyster stocks (including stock 
which was included in this study). Further, the 

and adult  oysters (3 year old). During 

a marine bacterium  were de-

oysters.  has been associated with 
mortality in oysters and its presence has increased 

In addition, similar to previous studies, we were 

again proved to be problematic, primarily due 

stock regularly due to site inaccessibility during 

neap tides. As a result, mortality may have com-

-

Future work

-
tices within oyster producing bays to reduce 
oyster mortality, given that many bays are 

It appears, based on the present results, that 

industry, which may not be suitable to provide 
a large enough sample size to conduct robust 

-

and mortality have been carried out in other 

OsHV-1μVar and other agents such as
, which could aid in the early detection 

In conclusion, the results presented in this study, 
-

observed in Ireland during 2012. The study has 
shown that in the marine environment other 
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marine pathogens and unusual environmental 

well-planned epidemiological studies. 

associated with mortality during 2012 
including temperature increase and hatchery 

between  oyster mortality and OsHV-1 
μVar prevalence during 2012, either within or 

-

, 
and most notably a bacterium 

-
talities in Ireland since at least 2012. This is 
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