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Abstract

In 1994, some of the high mortality episodes that affected oysters cultured in France were associated with herpesviral infections. Through
histology analysis, however, viral presence could only be suspected and confirmation of histological diagnosis by transmission electron
microscopy was performed in only a few cases. Subsequently, the characterisation and genome sequencing of Ostreid herpesvirus 1 (OsHV-1)
made possible the development of specific molecular detection (PCR and in situ hybridisation (ISH)). Using both molecular tools, attempts
were made to screen for OsHV-1 a number of fixed, paraffin-embedded oyster samples collected and processed in 1994. The aim was to
compare these techniques and to estimate the accuracy of histology-based indication of viral infection. Existing DNA extraction protocols were
adapted for oyster samples and two pairs of specific primers targeting small fragments (less than 200 bp) were designed (C9/C10 and B4/B3).
The poor consistency observed between the results of PCR with both primer pairs was confirmed by statistical analysis. C9/C10, which targets
a repeated region of the OsHV-1 genome, appears to be the primer of choice for viral detection in archival samples. In situ hybridisation may
furnish complementary information concerning the localisation of viral foci. Under certain conditions, retrospective examination of archival
samples by molecular techniques may therefore provide valuable epidemiological data.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Since 1972 several viruses similar morphologically to
members of the family Herpesviridae have been identified in
various marine mollusc species around the world (Renault,
1998; Arzul et al., 2002). Viral detection was often associ-
ated with high mortality rates in spat and larvae of farmed
bivalves among which the Pacific oysterCrassostrea gi-
gas (Nicolas et al., 1992; Hine et al., 1992; Renault et al.,
1994a,b). More recently, herpes-like viruses were observed
in adultOstrea angasi(Hine and Thorne, 1997) and in larvae
of Tiostrea chilensis(Hine et al., 1998), Ruditapes decus-
satus(Renault and Arzul, 2001), Ruditapes philippinarum
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(Renault et al., 2001) and Pecten maximus(Arzul et al.,
2001a).

The basic method to diagnose herpes-like virus infections
has long been light microscopy, although this procedure
appears to be poorly adapted to viral diseases. Additional
techniques, such as transmission electron microscopy, need
therefore to be used for confirmation of the diagnosis.
Despite being time consuming and somewhat inadequate
for epidemiological surveys, both techniques have been
employed extensively because of the lack of alternative
diagnosis procedures. In the case of bivalves, research into
virus cytopathogenic effects in cell cultures is not practical
owing to the absence of suitable cell lines. Furthermore,
the development of serological methods is impeded by the
absence of immunoglobulin production in molluscs.

Within this context, the development of a protocol for the
purification of viral particles from fresh infected larvae of
C. gigas(Le Deuff and Renault, 1999) presented a way out
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from both methodological deadlocks. Indeed, the 207 kbp
genome of the purified virus, characterised as Ostreid
herpesvirus 1 (OsHV-1) (Minson et al., 2000; Arzul and
Renault, 2002) was sequenced, making possible the devel-
opment of molecular tools. The developed methods for the
specific detection of OsHV-1 genome included one-round
and nested PCR (Renault and Lipart, 1998; Renault et al.,
2000; Arzul et al., 2001a,b,c) as well as in situ hybridisation
(ISH) (Renault and Lipart, 1998; Lipart and Renault, 2002).
In addition, a protocol for the detection of viral proteins
by immunohistochemistry using polyclonal antibodies was
established (Le Deuff, 1995; Arzul et al., 2002).

Each technique possesses certain advantages. PCR is ex-
tremely sensitive, pathogen specific and sample processing
is rapid and easy (Jones and Bej, 1994; Martin, 1994). In situ
hybridisation and immunohistochemistry, on the other hand,
allow all organs to be observed in the same analysis and to lo-
calise precisely viral DNA or proteins. A previous study em-
ployed these three methods to detect OsHV-1 in 30 asymp-
tomaticC. gigasadults (Arzul et al., 2002). From this, PCR
was confirmed as the most sensitive method. Nevertheless,
through the comparison of the three employed techniques,
ISH was suggested as a first step of an epidemiological sur-
vey leaving PCR for the verification of negative results.

One of the aims of the present study was to determine if
PCR and ISH could be applied successfully to the detection
of OsHV-1 in archived, fixed, paraffin-embedded bivalve
samples. This verification was particularly necessary in the
case of PCR because a number of adaptations were made
to existing protocols for DNA extraction from archived
samples. Furthermore, this work was done with the intent
to perform a large-scale comparison of molecular diagnosis
methods (PCR and ISH). To this end, oysters which were
collected in 1994 in different French locations, some of
which had been affected by abnormal mortality episodes
suspected to be caused by herpesviral infections were se-
lected. At the time of their collection, these animals were
subjected to histological examination, the results of which
only suggested a mere suspicion of viral infection. The ap-
plication of molecular detection techniques to these same
samples constituted an opportunity to confirm or weaken

Table 1
Sample batches selected for PCR and ISH screening of OsHV-1

Batch Species Collection date Age Blocks/batch Fixative Suspected infectious status

A C. gigas 07/94 Spat (<1 year) 15 CARSON High suspicion of viral prevalence (HS)
Ba Spat (<1 year) 14

Ca O. edulis 06/94 Spat (<1 year) 18
D Spat (<1 year) 30 b

Ea C. gigas 07/94 Adult (>1 year) 30 DAVIDSON Moderate suspicion of viral prevalence (MS)
Fa Adult (>1 year) 30 CARSON

G C. gigas 05/94 Adult (>1 year) 30 CARSON Apparently uninfected (AU)
Ha 02/94 Adult (>1 year) 30 DAVIDSON

a Samples issued from a batch affected by abnormal mortality events at the time of their collection.
b Unavailable data.

histology-based suspicion of viral infection and also to de-
termine the accuracy of the association that had been made
between mortality and herpesviral infection.

2. Materials and methods

2.1. Selection of oyster samples

During the year 1994 the laboratory of Genetics and
Pathology of IFREMER La Tremblade (Charente Maritime,
France) received a series of oyster samples (C. gigasand
Ostrea edulis) from different French locations along the At-
lantic coast, some of which were affected by abnormal mor-
tality events (Table 1). These batches were subjected to a
histological analysis at the time of their collection. Ani-
mals were fixed in Carson’s or Davidson’s fixative for an
undetermined period (unavailable data). Afterwards, sam-
ples underwent a classical procedure of dehydration and
paraffin-inclusion. The obtained blocks were finally cut into
3–4�m sections treated by hematoxylin-eosin staining and
checked for lesions using a photo-microscope.

The presence of a determined series of nuclear and cell
abnormalities was interpreted as possibly being the result of
a herpes-like virus infection. On the basis of these observa-
tions, sample batches were classified into three categories.
The first included those comprising of a large number of
samples strongly suspected to be infected by a herpesvirus
(labelled HS for high suspicion). The second category com-
prised of lots in which a lower number of samples had been
suspected to be infected (labelled MS for moderate suspi-
cion), whereas samples belonging to the third category had
shown no visual evidence of tissue lesions that could have
been linked with a viral infection. The latter was referred to
as AU standing for apparently uninfected. Within this study,
a total of 197 histology blocks were selected. In order to have
about 60 blocks corresponding to each of the three groups
(HS, MS, AU), a different number of batches was selected
in each category. Therefore, the first group (HS) comprised
batches A, B, C and D whereas the second one (MS) in-
cluded batches E and F and the last one (AU) batches G and
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H (Table 1). Batches A, B, C and D were made up from spat
samples (animals less than 1-year-old), the others consisted
of adult samples (animals more than 1 year). All the batches
wereC. gigasexcept batches C and D corresponding toO.
edulis.

2.2. DNA extraction from fixed material

Five 10�m sections from each of the above-mentioned
blocks were collected into a 1.5 ml microfuge tube. Dewax-
ing was carried out as follows: 1 ml of xylene was added
to the sections prior to vortexing and horizontal agitation
for 30 min at room temperature (RT). After centrifugation
(3 min, 12 000 g) the supernatant was discarded and the pro-
cedure repeated. The pellet was then washed with 500�l
of absolute ethanol, vortexed (20 s) and centrifuged (3 min,
12 000× g). Ethanol was discarded and the washing proce-
dure carried out again. The pellet was then dried in an oven
at 55◦C for 1 h prior to overnight digestion at the same tem-
perature with 200�g ml−1 of proteinase K in a 50 mM Tris,
1 mM EDTA, 0.5% Tween 20 buffer. At the issue of the di-
gestion, samples were briefly centrifuged (1 min, 12 000×g),
incubated at 95◦C for 10 min in a hot water bath and cen-
trifuged again (5 min, 10 000× g). The supernatant was re-
covered and stored at−20◦C until utilisation as template for
PCR. The extraction procedure was performed using ster-
ile filter tips and UV-decontaminated tubes and taking all
necessary precautions to avoid contamination risks.

2.3. PCR

PCR was performed with two different primer pairs: C9
(5′-GAG GGA AAT TTG CGA GAG AA-3′)/C10 (5′-ATC
ACC GGC AGA CGT AGG-3′) and B4 (5′-ACT GGG ATC
CGA CTG ACA AC-3′)/B3 (5′-GTG GAG GTG GCT GTT
GAA AT-3′) yielding PCR products of 196 and 207 bp, re-
spectively. PCR with primer pair C9/C10 was referred to as
PCR1 and PCR with primer pair B4/B3 as PCR2. The 50�l
PCR reactions were performed using 2.5 U of Goldstar Taq
DNA Polymerase (Eurogentec, Belgium), 0.05 mM of each
dNTP, 100 ng of each primer, 2.5 mM MgCl2 and 1�l of
extracted DNA. Thermal cycling was carried out using a
Crocodile III thermal cycler (Appligene Oncor, France).
After heating the samples for 2 min at 94◦C, 35 cycles were
carried out followed by a final elongation step of 5 min at
72◦C. Each of the 35 cycles consisted of a DNA melting
step at 94◦C for 1 min, a primer annealing step for 1 min at
50◦C and a primer elongation step at 72◦C for 1 min. Eight
microlitres of each PCR product were analysed through
electrophoresis on 1.5% agarose gels stained with ethid-
ium bromide (0.5�g ml−1) and visualised using a 302 nm
UV trans-illuminator. The size of the DNA products was
determined relative to those of molecular mass markers.
During each PCR experiment several negative controls (one
every six samples) and one positive control were included.
In negative control reactions, 1�l of double-distilled wa-

ter was added to the PCR mix instead of extracted DNA.
In positive control reactions, 1�l of reference OsHV-1
DNA purified from infectedC. gigas larvae constituted
the template (Le Deuff and Renault, 1999). The presence
of potential PCR inhibitors was investigated systemati-
cally using a previously developed internal standard (Arzul
et al., 2002). In concrete terms, 100 fg of internal stan-
dard were added in each PCR1 reaction mix prior to PCR
amplification.

2.4. Restriction enzyme analysis of PCR products

Without further purification, all the PCR products that
had the expected size (including PCR positive controls)
underwent restriction enzyme analysis with three different
restriction endonucleases. Enzyme selection was based on
reference sequences: the restriction sites of only two of the
three chosen enzymes were present (Fig. 1). In the case of
PCR1 products, the two cutting enzymes were HinfI and
Sau3AI, the non cutting enzyme was Tru 9AI. As for PCR2
products, the selected cutting enzymes were Tru9I and HhaI
and the non-cutting enzyme was EcoRI. Each 20�l diges-
tion reaction contained 2�l of the adequate 10× buffer,
0.2�l of a 10�g�l−1 acetylated BSA solution, 0.5�l of
the restriction enzyme (10 U�l−1) (Promega Corporation,
France) and 10�l of the PCR product to be analysed. Re-
actions were incubated for 2 h at 37◦C in the case of HinfI,
Sau3AI, HhaI and EcoRI and at 65◦C in the case of Tru9I.
Digestion products were separated by electrophoresis in 3%
agarose gels stained with BET (0.5�g ml−1) and visualised
as described previously. The size of the digestion products
was determined relative to those of a 100 bp molecular mass
marker (Promega Corporation, France).

Fig. 1. Restriction maps of the two reference PCR products deduced from
their genome sequence (data not shown), with fragment sizes in bp. (a)
PCR1 product; (b) PCR2 product.
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2.5. In situ hybridization

ISH was carried out adapting a protocol described pre-
viously (Renault and Lipart, 1998; Arzul et al., 2002;
Lipart and Renault, 2002) and summarised below. DNA
probes were produced by PCR using viral DNA as tem-
plate (0.1 ng per reaction) and the primer pair C1 (5′-TTC
CCC TCG AGG TAG CTT TT-3′)/C6 (5′-GTG CAC GGC
TTA CCA TTT TT-3′). PCR conditions were similar to
those described previously except MgCl2 1.5 mM and
digoxigenin-11-dUTPs (Boehringer Mannheim, Germany).
Seven�m thick tissue sections on silane-prep TM slides
(Sigma, France) were dewaxed, rehydrated and treated with
proteinase K (100�g ml−1 in distilled water) at 37◦C for
15 min. Pre-hybridisation with hybridisation buffer (50%
formamide, 10% dextran sulfate, 4× SSC [0.06 M Na3
citrate, 0.6 M NaCl, pH 7], 250�g ml−1 yeast tRNA and
10% Denhart) was carried out for 30 min at 42◦C in a hu-
mid chamber. The solution was replaced with hybridisation
buffer containing digoxigenin-labelled probe (2.5 ng�l−1).
Target DNA and digoxigenin-labelled probe were denatured
at 95◦C for 5 min and the hybridisation was performed
overnight at 42◦C. Sections were washed in 1× SSC at
room temperature (2× 5 min), in 0.4 SSC at 42◦C (10 min)
and in solution I (100 mM maleic acid, 5 M NaCl, pH 7.5)
for 5 min. Tissues were then treated for 30 min at RT with
blocking reagent (Amersham Life Science, France) (1%
w/v) in solution I. Specifically bound probe was detected
using an alkaline phosphatase-conjugated mouse IgG anti-
body against digoxigenin diluted 1:500 in solution I (1 h,
RT). Excess of antibody was removed by two washes in
solution I (1 min) and one wash in solution II (1 M Tris
pH 8, 5 M NaCl, 1 M MgCl2, pH 9). Slides were incu-
bated in NBT/BCIP diluted in solution II (1 M Tris, pH 8,
0.5 M EDTA, pH 8). Slides were counter-stained for 1 min
with Bismarck brown yellow, dehydrated by ethanol and
mounted in Eukitt resin.

2.6. Statistical analysis

Agreement of virus detection between PCR1 and PCR2
was evaluated by means of a Kappa value calculated ac-
cording toLandis and Koch (1977). The agreement strength
associated with a particular range of kappa values was
characterised as follows: poor (<0), slight (0.00–0.20), fair
(0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80)
or almost perfect (0.81–1.00).

3. Results

Among the 197 samples screened, only 190 that had given
unambiguous results by PCR with both primer pairs were
employed for analytical purposes (Tables 2 and 3). The
screening of 190 blocks by PCR1 (C9/C10 primer pair) and
PCR2 (B4/B3 primer pair) yielded amplification products

Fig. 2. Agarose gel electrophoresis of restriction fragments of PCR1

and PCR2 products. L: 100 bp ladder. Lanes a–h: amplification products
obtained from an oyster DNA extract; A–H: amplification product obtained
using viral DNA as template. Lanes a/A and e/E: uncut products. PCR1

products were digested with HinfI (lanes b/B) and Sau 3AI (lanes c/C). The
uncutting enzyme was Tru9I (lanes d/D). PCR2 products were digested
with Tru9I (lanes f/F) and HhaI (lanes g/G). The uncutting enzyme was
EcoRI (lanes h/H).

of the expected sizes in 78 and 17 samples, respectively,
corresponding to potential infection rates of 41 and 8.9%
(Table 3). All the PCR negative control reactions gave neg-
ative results whereas positive control reactions as well as
reactions involving the internal standard gave positive re-
sults (data not shown). Restriction enzyme analysis of all
the PCR products of expected sizes (196 bp for PCR1 and
207 bp for PCR2) resulted in the expected restriction patterns
(Fig. 2).

Among the 77 samples considered positive after PCR1, 65
were tested negative by PCR2. Among the 112 samples con-
sidered negative after PCR1, three were positive by PCR2.
Discrepancy between both methods was observed in all the
batches except batch D, in which viral detection was unsuc-
cessful by both methods. The statistical analysis confirmed
the slight agreement between the two PCR methods, with a
Kappa value of 0.13. Since PCR1 provided more informa-
tion on viral infection, only the results obtained by PCR1
were retained for further analysis and comparison between
batches.

By PCR1, viral prevalence appeared to be extremely
variable, ranging from 0% (batch D) up to 73.3% (batch
H) (Table 3) and showed little consistency with the ini-
tial classification based upon histological observations.
Among the “highly suspected” lots, the global mean in-
fection rate was of 26.7% but strong differences appeared
inside this group: batches B and C showed high rates (66.7
and 61.1%, respectively) consistent with our expectations
unlike A (6.7%) and D (0%). Viral prevalence among in-
termediate batches E and F (mean value 32.2%) appeared
to be lower than the infection rate among apparently unin-
fected animals belonging to batches G and H (mean value
69.6%).

Only 174 among the 190 processed samples gave un-
ambiguous results by ISH and were therefore included in
statistical analysis. Positive reactions, characterised by a
purple precipitate as described previously (Arzul et al.,
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Table 2
Positive results obtained by molecular methods

SAMPLE PCR 1a PCR 2a ISHb SAMPLE PCR 1a PCR 2a ISHb

A10 HS + − − F24 MS + − −
B2 HS + − + F25 MS + + NI
B3 HS + − + F27 MS − + NI
B7 HS + − + F28 MS − + −
B8 HS + − − G6 AU + − −
B9 HS + − + G7 AU + − −
B10 HS + − − G8 AU + − −
B13 HS + − − G9 AU + − −
B14 HS + − + G11 AU NI NI +
C1 HS + + + G17 AU + − −
C2 HS + + NI G18 AU + − NI
C3 HS + + NI G19 AU + − −
C4 HS + + NI G20 AU + − NI
C5 HS + + NI G21 AU + − −
C6 HS + + + G22 AU + −
C7 HS + + + G23 AU + − −
C8 HS − + + G24 AU + − −
C9 HS + + + G25 AU + − −
C10 HS − − + G26 AU + − −
C11 HS + + + G27 AU + − −
C12 HS + + + G28 AU + − −
C13 HS − − + G29 AU + − −
C14 HS + + + G30 AU + − −
C15 HS − − + H1 AU + − −
C16 HS − − + H2 AU + − −
C17 HS − − + H3 AU + − −
C18 HS − − + H5 AU + − −
E4 MS + − − H7 AU + − −
E6 MS + − − H9 AU + − −
E16 MS + − − H11 AU + − NI
E20 MS − + − H12 AU + − −
F3 MS + − NI H14 AU + − −
F4 MS + − − H15 AU + − −
F5 MS + − + H16 AU + − −
F6 MS + − − H17 AU + − −
F7 MS + − − H18 AU + − NI
F10 MS + − − H19 AU + − −
F12 MS + − − H20 AU + − −
F15 MS + − − H21 AU + − −
F18 MS + − − H22 AU + − NI
F19 MS + − − H23 AU + − −
F20 MS + − − H26 AU + − −
F21 MS + + − H27 AU + − −
F22 MS + − − H28 AU + − −
F23 MS + − − H30 AU + − −
Total 36 14 20 Total 42 3 1

PCR1: PCR with primer pair C9/C10; PCR2: PCR with primer pair B4/B3; HS: suspected high viral prevalence; MS: suspected moderate viral prevalence;
AU: apparently uninfected samples; NI: non interpretable result.

a (+) Product obtained; (−) product not obtained.
b (+) Positive reaction observed; (−) positive reaction not observed.

2002), were detected in 21 of the 174 retained samples
(12.1%) (Table 3). Positive as well as negative results were
validated by the employed positive and negative controls.
Viral prevalence showed great contrast, ranging from 0%
(batches A, D, E and H) to 100% (batch C). Considering
the established categories, the infection rate of the highly
suspected group (28.8%) appeared to be higher than those
of groups MS and AU (1.8 and 2%, respectively).

4. Discussion

Since 1991, herpesviral infections have been associated
with high mortality rates in larvae and spat ofC. gigasin
different French locations (Nicolas et al., 1992; Renault
et al., 1994b). In 1994, for instance, a series of abnormal
mortality episodes affected culturedC. gigasandO. edulis
in hatcheries and nurseries as well as in the field. In order
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Table 3
Results of viral screening by PCR with two primer pairs and ISH

Batch No.
samples

PCR1 PCR2 No.
samples

ISH

(+) % (+) % (+) %

A 15 1 6.7 0 0 13 0 0
B 12 8 66.7 0 0 14 5 35.7
C 18 11 61.1 12 66.7 14 14 100
D 30 0 0 0 0 25 0 0
E 28 3 10.7 1 3.6 29 0 0
F 31 16 51.6 4 12.9 27 1 3.7
G 26 17 65.4 0 0 26 1 3.8
H 30 22 73.3 0 0 26 0 0

Total 190 78 41.1 17 8.9 174 21 12.1

No. samples: number of samples analyzed by PCR1 and PCR2 or by ISH
alone; (+) number of positive results obtained by PCR1, PCR2 or ISH.
% = (number of positive results/number of analyzed samples)× 100.

to determine if herpes-viral infections were associated to
these phenomena, numerous samples were collected and
examined by classical histology procedures at the time of
mortality occurrence.

In the case of herpes-like virus infections of Pacific oys-
ters, it had been observed that major histological changes
consisted of enlarged, abnormally shaped nuclei and abnor-
mal chromatin patterns throughout the connective tissues
(Renault et al., 1994a,b). In addition, an accumulation of
Feulgen positive material in the nuclei and cytoplasm of
affected cells as well as a reduced inflammatory reaction
around infected cells was observed (Renault et al., 1994a,b,
1995). The simultaneous presence of these features was in-
terpreted as the possible presence of a herpesviral infection.
Nevertheless, histological observations were not conclusive
in the sense that the tissue lesions in diseased oysters were
not specific to viral infections. Only in a few cases was
electron microscopy examination used to confirm these ob-
servations. Indeed, this time-consuming technique was not
suitable for large numbers of samples. Despite its low ad-
equacy for the diagnosis of viral infections, histology was
employed because no other detection technique was avail-
able during the 1994 massive mortality episodes.

To date, novel molecular methods have been developed
for the specific detection of OsHV-1. The questions that
arose were to know: (i) whether it could be conceivable to
use archived material collected during mortality episodes for
molecular analyses, (ii) whether the results of a molecular
screening for OsHV-1 would confirm histology results and
(iii) whether a real relationship could be established between
OsHV-1 detection and the high mortality rates observed in
the field.

In an attempt to answer these questions, a number of sam-
ple batches were chosen among the many treated and anal-
ysed in 1994. No additional histological testing was carried
out: selection was made exclusively on the basis of the ob-
servations recorded in 1994. The selected biological material
comprised of batches that had been strongly or moderately
suspected to be infected by a herpesvirus as well as batches

that had shown no visual evidence of a viral infection. De-
spite its evident historical value, the material presented few
disadvantages relating to its age or the fact that the histol-
ogy blocks had been stored at room temperature for several
years. Furthermore, sample processing was not thoroughly
homogeneous, mainly with regard to the employed fixative
and the length of the fixation period.

One of the major features of this study is the use of fixed
paraffin-embedded bivalve tissues stored at room temper-
ature for more than 8 years for molecular analyses. It has
already been described that the effectiveness of PCR with
formalin-fixed, paraffin-embedded tissues is impaired by
multiple interacting factors, including the type of fixative
used (the best being 10% buffered formalin and the less de-
sirable being Carnoy’s, Zenker’s and Bouin’s fixatives) and
the fixation time (Greer et al., 1991). The Carson and David-
son fixatives appeared equally adapted for the conservation
and subsequent detection of viral DNA. Moreover, no dif-
ference was observed between detection inC. gigasandO.
edulissamples, which is not surprising since the capability
of OsHV-1 to infect both species was demonstrated (Arzul
et al., 2001b,c). However, other factors may influence the
success of PCR from archived samples: the DNA extraction
procedure, the length of the PCR target and the concen-
tration of target (An and Fleming, 1991; Shibata, 1994). A
novel protocol for the extraction of DNA from histology
blocks was used and despite the age of the samples and
the storage conditions, amplification of 200 bp viral frag-
ments could be achieved. It has already been shown that the
longer the target fragment, the lower the efficiency of the
amplification (An and Fleming, 1991; Coates et al., 1991).
This is a consequence of the high degree of degradation of
the polynucleotide chain that long-term formalin fixation
can cause (Hopwood, 1975). Previous unsuccessful assays
using different primer pairs generating large fragments
(600–1000 bp) confirmed this hypothesis (Renault, personal
communication). The effectiveness and sensitivity of in situ
hybridisation may also be affected by prolonged fixation in
formalin, which favours not only DNA degradation but also
an extensive cross-linking of the surrounding proteins that
may finally mask the target DNA. Although proteolytic en-
zymes are used, the permeabilization process may be insuffi-
cient to allow complete access of the ISH probe to the target
sequence (Mc Neilly et al., 1999). Viral prevalence is thus
likely to be underestimated by ISH, which renders the results
obtained by both techniques all the more complementary.

The consistency and complementarity of PCR1 and PCR2
appeared to be low. Detection of OsHV-1 by PCR2 gave
poor results in comparison with PCR1 (41% against 8.9%)
whereas only three samples among the 112 samples consid-
ered to be negative through PCR1 gave a positive result by
PCR2. The successful amplification of the internal standard,
which demonstrates the absence of PCR inhibitors, validates
negative results. In their turn, negative controls prove that
positive results are not the consequence of a contamination
process during PCR preparation. Within this context, the
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results appear to be consistent with the assumption that the
sensitivity of PCR from archived samples may be improved
by choosing a target likely to be present in multiple copies
within the genome (Marchetti et al., 1998). Indeed, primer
pair C9/C10 (PCR1) amplifies a fragment located in a re-
peated region of the genome whilst B4/B3 targets a single
region (Arzul, 2001; Arzul et al., 2001c). In the case of
ISH, viral detection was low (12.1%) and mainly concerned
batches B and C, which provided the strongest amplifi-
cations by PCR (data not shown). Its complementarity to
PCR1 is largely due to it providing additional information
on the localisation of infectious foci. The number of sam-
ples that appeared to be negative by PCR1 and positive by
ISH is indeed low and concerns only the HS group (12.7%).

PCR1 demonstrated the frequent presence of viral DNA in
apparently healthy animals (69.6%) and, to a certain extent,
in samples from the intermediate category (32.2%). These
results are not surprising in that PCR detection of herpesviral
DNA may correspond to a subclinical shedding of the virus
or to the presence of latent virus-harbouring cells (Kosaki
et al., 2003). Viral presence may not result in cell damage
and may, therefore, be undetectable by histology observa-
tion. This could account for the lack of an apparent link
between absence of mortality and/or histology lesions and
viral detection by PCR in adults, all the more as OsHV-1
has been found to be capable of establishing silent infections
in its host (Arzul et al., 2002). Viral replication appears less
important in adults than in spat (Arzul et al., 2002) which
explains why infected spat samples from batches B and C
gave the strongest signals by PCR and ISH. As for batches
A and D suspected to be severely infected, the absence
of viral detection by PCR may correspond to an extensive
DNA degradation caused by poor fixation and/or conser-
vation procedures. PCR analysis with primers targeting a
small region of a reference gene such as actin (Cadoret
et al., 1999) may contribute to remove this uncertainty, al-
though a positive PCR result of a host housekeeping gene
does not necessarily guarantee successful extraction of a
corresponding length of viral DNA (Chan et al., 2001). In
any case, the absence of inhibitory substances should be
verified systematically by the incorporation of an appro-
priate mimic (like our internal standard), the amplification
of which validates all negative results (King et al., 2003).
Another hypothesis is that infection in these “negative”
batches was caused by a variant of OsHV-1 which might
be undetectable by the most effective technique (PCR1). In-
deed, primer pair C9/C10 targets a variable region and was
designed on the basis of the specific sequence of OsHV-1,
the reference virus (Arzul et al., 2001b). As for B4/B3, it tar-
gets a region encoding an apoptosis inhibitor (Arzul, 2001)
which is more conserved but which is present as a single
copy in the genome and is thus less likely to be detected.
Finally, sequencing of all amplification products would
provide additional confirmation of infection by OsHV-1.

To conclude, PCR1 and ISH appear to be valuable tools
for viral detection in archived material and they seem to con-

firm that OsHV-1 infections are common and widespread
(Arzul et al., 2001b). In contrast to the advice in the case of
fresh samples (Arzul et al., 2002), screening of OsHV-1 in
archival fixed paraffin-embedded samples should be carried
out by PCR1. ISH should basically be employed to obtain
supplementary information concerning the extent and local-
isation of viral infection. The development of quantitative
PCR assays should open the way to the discrimination be-
tween productive and latent or silent OsHV-1 infections.
These techniques, being rapid and applicable to a large
number of samples, could enable retrospective diagnosis of
OsHV-1 in the many cases when biological material had
been collected and stored initially for other purposes such
as histology observation. However, it must be kept in mind
that fixation and storage procedures have a great impact on
DNA conservation and thus on the effectiveness of the de-
tection. In this sense, a series of precautions should be taken
for the processing of samples liable to be subsequently em-
ployed for pathogen screening by molecular methods. For
instance, fixation should preferably be carried out at 4◦C
for a 48 h period prior to paraffin-embedding. Histology
blocks should also be stored at this temperature prior to
DNA extraction and/or ISH.
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