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Abstract
Screening of heart smears is one of the OIE recommended methods for diagnosis of the protistan
Bonamia ostreae in the native oyster, Ostrea edulis.  Within a recent study, 130 oysters were brought
to the laboratory from Lake Grevelingen, a Bonamia-endemic area as part of a planned experi-
ment.  A sub-sample of 30 oysters was screened using heart smears, to determine baseline preva-
lence of infection at time zero, and no infection was observed. The remaining oysters were main-
tained in the laboratory and screened over a six-month period, but three weeks after the trial
began two oysters out of 100 had Class 4 infections, and further infection was observed over the
remaining months.  These results indicate that oysters found at the beginning of the trial to be
free of Bonamia, using a standard method i.e. heart smears, were in fact infected.  The oysters
may have been experiencing a latent infection; latent infections cannot be detected by presently
recommended screening techniques.  Alternatively the sample size used may have been too
small.  The results raise concerns about limitations of the diagnostic methodology for Bonamia
ostreae for research and regulatory purposes.

Introduction
Field trials had earlier shown that, of seven
European oyster populations relayed in
Bonamia-endemic areas, the Rossmore popu-
lation from Cork Harbour, Ireland, and the
Lake Grevelingen population from the Neth-
erlands, showed lower cumulative mortality,
and lower prevalence of bonamiasis than the
others (Culloty et al.,   unpublished data). Both
Cork Harbour and Lake Grevelingen are
Bonamia-endemic areas; the disease has been
present in both areas since the 1980’s.  The
Rossmore oyster population in Cork harbour
has been selectively bred from survivors over
the last fifteen years; no selection has taken

place in the Grevelingen population.  A fol-
low-up laboratory trial was established to
compare the performance of the Rossmore
and Lake Grevelingen populations when in-
jected with Bonamia ostreae, under controlled
conditions.

In the course of the investigation, heart smears
were used to detect Bonamia.  The heart smear
technique is one of the two OIE approved di-
agnostic methods used internationally for the
diagnosis of this parasite; the other involves
histological examination of tissue sections.
This report aims to illustrate some of the limi-
tations that were experienced with the diag-
nostic methodology, during a laboratory trial.
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Materials and Methods
During the course of a laboratory trial, 260
oysters were imported from Lake
Grevelingen, where Bonamia has been present
since the mid-1980s.  The laboratory experi-
ment began in March 2000 and was termi-
nated in late August 2000. The oysters were
divided into three groups: a group of 51 which
was injected with 5 x 106 Bonamia cells from
Cork Harbour/500 µl sterile filtered seawater
(0.45 µm); a group of 79 injected with 5 x 106

Bonamia cells from Lake Grevelingen/500 µl
filtered seawater; and a group of 130, which
is the focus of this report: the Grevelingen
Control Group. Of these 130 oysters, 30 were
screened before the trial began to determine

baseline level of infection, the remaining 100
oysters were each injected with 500 µl sterile
filtered seawater.

All oysters were anaesthetised with 3.5 – 5.0%
MgCL26H2O prior to injection (Culloty and
Mulcahy, 1992). The seawater was obtained
from an area where oyster culture does not
take place.  The source of the seawater has
been used repeatedly over fifteen years in
oyster experimental tanks without occurrence
of Bonamia.  The oysters were fed daily on
Tetraselmis suecica, a marine alga commonly
fed to shellfish in the laboratory.  Oysters were
monitored on a daily basis throughout the
study.  All moribund and dead oysters were
removed from all groups, and heart smears
were obtained from moribund oysters.  Dead
oysters were recognised by gaping shells,
which did not close when touched; and by
necrotic tissues.  Moribund oysters also had
open shells, but they were still able to close
their shells when touched, though at a slower
rate than healthy animals.  Smears were fixed
in 100% methanol and stained using
Hemacolor 2 and 3 (Merck).  Slides were
screened at 400X magnification for five min-
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Table 1 Classification of intensity of infection with
Bonamia ostreae observed in oysters screened using
heart smears.

Table 2 Development of infection in the Lake Grevelingen (L.G.) oysters over the six month laboratory trial:
Control groups and experimental groups. FSW = filtered sea water.
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utes each and infections were graded from
Class 0 to Class 4 in relation to severity, based
on previously described methodology and
infection classified as outlined in Table 1
(Bachère et al., 1982; Culloty & Mulcahy, 1996).

Results
 A sub-sample of 30 Lake Grevelingen controls
from the total control group of 130 was
screened using heart smears before the trial
began, and no infection was detected.  From
the remaining Lake Grevelingen control
group of 100 oysters over the six months in
the laboratory, 13 moribund and 11 dead oys-
ters were removed (Table 2, Fig 1).  Of these
animals, only the 13 moribund oysters could
be screened; the remaining 11 had died and
were necrotic. Infection in this control group
was initially observed 3.5 weeks post-injec-
tion when two oysters were diagnosed with
Class 4 infections.  Of the 13 moribund oys-
ters, screened over the laboratory trial, a
prevalence of infection of 61.5% (8/13) was
recorded.  At the end of the study in August
2000, 76 oysters in this group remained alive
and available for screening and the prevalence
of infection was 51.3% (39/76).  When the re-
sults of heart smears of all Lake Grevelingen
control group oysters, both moribund and
those available at the end of the trial, were
combined, there was an overall prevalence of
infection of 52.8% (47/89).  14.6% (13/89) of
these oysters had either class 3 or 4 infections
(Table 1, Fig. 1).

The overall prevalence of infection observed
in the experimental groups that had been in-
jected with Bonamia cells was much lower –
8.1% in Lake Grevelingen oysters injected
with Rossmore Bonamia and 20.7% in the Lake
Grevelingen oysters injected with Lake

Grevelingen Bonamia. The fact however that
infection was observed in the control group
negated any results of the overall study ob-
tained.

Discussion
When the sub-sample of 30 control oysters
from Lake Grevelingen was initially screened
before the trial began, no infection was de-
tected.  During the trial however, as moribund
oysters from the control group containing 100
oysters were examined, it became apparent
that infection was present within the group,
and furthermore, the first two infected oys-
ters, which were observed only 3.5 weeks
post-injection, both had Class 4 infections.

From the pattern of prevalence and intensity
observed in the 100 control oysters during the
trial, it seems likely that the oysters from Lake
Grevelingen were in fact already infected
when introduced to the laboratory, but that
the diagnostic method employed to screen
them, did not detect this infection. The heart
smear technique is recommended  for diag-
nosis of Bonamia (OIE, 2000) and is generally
considered a rapid and effective method of

Figure 1. Intensity of infection (%) in the Lake
Grevelingen control group at the beginning and end
of the trial
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monitoring infection.  Concerns have previ-
ously been reported, related to the use of the
heart smear technique to screen oysters for
this parasite (O’Neill et al., 1998).  In our ex-
perience it takes 4-6 weeks for infection to
develop when the oyster is initially exposed
to the parasite (Culloty & Mulcahy, 1996).
During this ‘latent period’ it is not possible to
detect the parasite in the host’s tissues with
either heart smears, or histology- based tech-
niques (Poder et al., 1982).  It is possible that
the parasites, observed during this study,
were latent at the time of initial sampling and
had not yet been expressed in the animals,
which could explain why no infection was
found at time zero.  It may be that the stress
associated with handling, injection and being
held in tanks may have exacerbated the de-
velopment of a latent infection, resulting in
some oysters being observed with intense in-
fections several weeks later.  In the laboratory,
all groups, including this Control Group, were
held in isolated stand-alone tanks, with wa-
ter being brought by bulk tank from an area
where flat oyster culture does not take place.
This water source has been used for labora-
tory trials since 1987 and no Bonamia infec-
tions have resulted from its use.

These results emphasise the need for eluci-
dation of the complete life cycle of the para-
site and in particular the presently unknown
events in the ‘latent’ period.  This is also of
significance in terms of the wider control and
management of Bonamiasis, as incomplete
knowledge of the biology of a pathogen will
affect risk analysis (Bower, 2001).  It appears
likely that if oysters are screened for Bonamia

during the latent period of infection, this will
result in the underestimation of prevalence of
infection in that population.

The sample size of 30, which was used in this
study, and which is routinely used as a con-
venient number for regular sampling in shell-
fish pathology studies (Culloty et al., 2001),
may have been too low to detect the parasites
in the Lake Grevelingen oysters at time zero.
The sample size will need to be carefully con-
sidered in planning future studies.  Simon &
Schill (1984) indicated that a minimum sam-
ple size of 60 individuals is required in order
to detect a single infection present at 5%
prevalence in a population of over 1 x 106.

The results give rise to further concerns about
the current methods employed for screening
of Bonamia (Zabaleta and Barber, 1996; O’Neill
et al., 1998). Though movements of oysters
within the EU are regulated and are not per-
mitted from infected to uninfected areas, cur-
rent recommended diagnostic methods may
not always detect Bonamia.   It seems likely
that some infections may not be diagnosed,
and prevalence of infection in some samples
may be underestimated.  Other methods of
diagnosis e.g. molecular methods (Carnegie
et al., 2000; Cochennec et al., 2000) could be
valuable for confirmatory purposes in con-
junction with the methods presently available.

Results of this study suggest that current rec-
ommended methods of diagnosis for
bonamiasis may have limitations, which in
turn, may have implications for EU Directive
91/67.
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