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Summary

A total of 2238 Pacific oyster€(assostrea giggsand 3 cocklesKatelysiasp.) were sampled from
16 sites throughout South Australia (site designations CBJ,CO, CW2, DB, DBN, DBS, GB, KIE,
KIW, LN, PJ/BP, SM, SP, ST, WS). The oysters wexed in 10% formalin then processed for wax
histopathology using standard techniques. Sections taken #vels in the block for each mollusc
were stained with hematoxylin and eosin and examined undemithescope for pathological lesions,
parasites and disease agents, including those disease#®dry PIRSA and notifiable to the OIE.

The most significant pathological finding was detection of lemnbers of microcell-like cells in the
vesicular connective tissue of oysters from 10 sites (CBI,CW2, DB, GB, KIE, KIW, LN, SM and
WS). The cells were between 2 and 4 pm in diametir avhucleus around 1pm diameter and were
associated with focal or diffuse haemocytosis in mases. Overall prevalence at the affected sites
was 16.1% and ranged from 66.4% at site LN down to 3.3% atGhesnd SM. There are two
described microcell genera, nam&gnamiaandMikrocytos Bonamiaspp. are primarily parasites of
flat oysters, but can also infect crassostreid oystbtikrocytosspp. have previously been recorded
from crassostreid oysters, and are found in vesicular ctmegissue immediately adjacent to foci of
haemocytosis. Definitive diagnosis for bdBonamia spp. andMikrocytos spp. to satisfy OIE
requirements is based on transmission electron micrgs€dpM) examination of the microcells.
Molecular probes are available, but these have not bedatated for southern hemisphere microcells,
and hence their use for diagnostic purposes in AustralifNamdZealand is currently limited.

Vesicular connective tissue cells with abnormal hypphied nuclei were also evident in oysters from
all sites, but particularly sites CB (82.7% prevalence) BB (73.6% prevalence). The presence of
these cells may be suggestive of infection by a virus, ardposure of oysters to unfavourable
environmental conditions. Another notable lesion found at &8s SM and SP (prevalence 0.7 -
1.4%) resembled viral gametocytic hypertrophy. Otheradis@gents found included a rickettsia-like
organism (RLO) in the epithelium of, and in the connectissue between, digestive tubules of
oysters from all sites (0.7 - 6.7% prevalence). Paraaitdssymbionts includeBlseudomyicoldike
copepods in the digestive tubules and encapsulated in lmststiby a host respongecistrocoma
like ciliates in the lumen of digestive tubules, dntthodinalike ciliates externally in the gills and
mantle. The presence or absence of the mudvBwaotardia knoxicould not be determined from
these samples as this species infects the shell, wh&lhen@ved prior to fixation.

The microcell-like cells observed should be followed up lasn&rocell diseases of molluscs are
notifiable to the OIE Molluscan Reference Laboratory. #Addal work would be required using
TEM and/or molecular techniques to determine whether theoosli-like cells observed here are
indeed true microcells, and if so to indicate whether #reyaligned witlBonamiaspp. orMikrocytos
spp. The low intensity of infection in these oysters maygler TEM diagnosis and some possible
methods for obtaining heavily infected material for TEM discussed.
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I ntr oduction

This is the final report produced for Primary Industaesl Resources, South Australia
(PIRSA) by NIWA Australia to communicate the results dhistological survey of
the diseases of South Australian molluscs, mainly Pamyters Crassostrea giggs
This report summarises the results obtained from 2238i®agsters and 3 cockles
(Katelysiasp.) received for on-processing in 3 batches, which arrivédVeA on 6
January, 20 March and 30 April 2003. The oysters were obtained f6osites
throughout South Australia (site designations CAI, CB, C®/2, DB, DBN, DBS,
GB, KIE, KIW, LN, PJ/BP, SM, SP, ST, WS). Sampleslbb oysters were supplied
from most sites.

M aterials and M ethods

A total of 2238 Pacific oysters and 3 cockles were samipted 16 sites throughout
South Australia. The oysters were fixed in 10% formaiirfikered seawater and
transported to the pathology laboratory where they werentoitstandard transverse
sections 5 mm thick (Howard and Smith 1983) and placed iigmpathology
cassettes. The tissues were embedded in paraffinamexsections 5 pm thick were
cut at two levels in the block. These two sections wesr deparaffinized, hydrated,
stained with hematoxylin and eosin, then dehydrated, cleared mounted on
microscope slides using standard techniques (Howard aitld $983).

The two sections per oyster were then examined with @aond microscope at both
low and high magnification foBonamiaspp.,Haplosporidiumspp.,Marteilia spp.,
Mikrocytosspp., andPerkinsusspp., all notifiable disease agents listed by PIRSA and
the Office International des Epizooties (OIE) (OIE 2002y other disease agents or
pathological abnormalities observed were also recordedenfi quantitative scoring
method (light = 1, moderate = 2, heavy = 3) was used toidesttre intensity of
parasitic infections, metabolic processes such as diapedgessome lesions such as
digestive tubule atrophy.

It should be noted that the level of diagnosis achieved $tgplbgical techniques is
generally presumptive. Any requirements for definitive diagnuosst genus level for
any of the disease agents listed above requires more detadéysis. The presence or
absence of the mudworBoccardia knoxicould not be determined from these
samples as this species infects the shell, which wasved prior to fixation.

Shellfish Disease Surveillafftcegramme - Final Report June 2003
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No parasites or pathological lesions were observed in thekBzsaexamined from site
DBN. The most significant pathological finding in the Piacifysters examined was
detection of low numbers of microcell-like cells in theigekr connective tissue of
oysters from 10 sites (CAl, CB, CW2, DB, GB, KIE, KIWMNLSM and WS) (Tables
1, 2). The cells were between 2 and 4 um in diameterawitbcleus around 1 pm
diameter (Appendices 1, 2, 5, 6). They were associated fottal or diffuse
haemocytosis (Appendices 3, 4) and were extracellulaost oases, though possibly
intracellular in a very few oysters (Appendix 6). Ovepa#tvalence of the microcell-
like cells at the affected sites was 16.1%, and ranged 4% at site LN down to
3.3% at sites CAl and SM (Tables 1, 2). Infection intgnsas low at all sites except
LN, where 15 of 99 infected oysters had infections claasedoderate (Table 3).

Focal or diffuse haemocytosis was recorded at at gdeerall prevalence 32.6%) at
prevalences which ranged between 10.7% (Site CO) and 78.5%.KBitdrevalence
of haemocytosis increased with increased prevalencehefnticrocell-like cells
(Figure 1). Most haemocytosis occurred in the vesiculanactive tissue but foci
were also recorded in the mantle, gills, digestive glanda@yamd surrounding the gut
(Table 3).

Vesicular connective tissue cells with abnormal hyperteaphiclei with marginated
chromatin (Appendices 7, 8), possibly due to infection byras, were evident in
oysters from all sites (overall prevalence 34.3%), but paatigulCB (82.6%

prevalence) and DB (73.6% prevalence) (listed as putatiue inrTable 2). Most of
the oyster with high numbers of abnormal connective tisaugein (classed as
moderate to heavily affected) were recorded from sites(i@&an lesion intensity
1.69), WS (mean intensity 1.68), and CAIl (mean interisiy) (Table 3). Atrophy of
digestive tubules (Appendix 9) was found at low to moderate prewsencysters
from all sites (overall prevalence 22.1%, range 3.4 - 39.3%)eriBe of tubule

atrophy (mean intensity >1.5) was greatest at sitesFGBP and ST (Table 3).

A viral gametocytic hypertrophy -like lesion in the gor@doysters from sites GB,
SM and SP (prevalence 0.7% - 1.4 %) was characterisesbbgive hypertrophy of
the nuclei of female gametes (Appendices 10, 11). Thegewdlanuclei contained
bizarre chromatin patterns (Appendix 11). Foci of non spen#érosis (Appendix
12) were evident in oysters from all sites (overall preval@i@®, range 0.7 - 9.3%).
Metaplastic changes of the digestive tubule epithelium (anedistinct from tubule
atrophy) were observed in one oyster from site DB, whileteb@t infections

(Appendix 13) were observed in oysters from DB, DBN, DBS,&dprevalence 0.7
- 1.3%) (Table 2). Diapedesis through the gut epithelium (Agigel4) was observed

Shellfish Disease Surveillafftcegramme - Final Report June 2003
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in oysters from all sites (overall prevalence 15.9%, range 2037%), but occurred at
particularly high prevalence (70.7%) and intensity (meaensity 1.74) in oysters
from site ST (Tables 2, 3).

Parasites and symbionts found includsstudomyicoldike copepods (Appendix 15)
in the digestive tubules and encapsulated in host tissues (gwerahlence 5.2%,
range 1.4 - 12.7%Ancistrocomdike ciliates (Appendix 16) in the lumen of digestive
tubules (overall prevalence 17.4%, range 7.3 - 29.3%),Taistiodinalike ciliates
(Appendix 17) externally in the gills and folds of the marjdeevalence 0 - 8.7%)
(Table 2). Rickettsia-like organisms (RLO's) (Appendix 18y \aéso present at low
prevalence (overall prevalence 3.8%, range 0.7 - 6.7%) in anddatbe epithelium
of the digestive tubules of oysters from all sites (Table RParger RLO inclusions
were very occasionally observed in the gills (Appendix 19).

The detection of microcell-like cells associated witbag of haemocytosis in oysters
from 10 of the 16 sites sampled is significant as all mikanfections in molluscs
are notifiable to the OIE Molluscan Reference Laboratoif(2002). There are two
described microcell gener@8onamiaand Mikrocytos Bonamiaspp. are primarily
parasites of flat oysters, but have also been recordedrassostreid oysters
(Cochennec et al. 1998, Cochennec-Laureau et al. 2008krocytos spp. are
parasites of crassostreid oysters and have been rectrodedPacific oystersM.
mackinj Farley et al. 1988) and Sydney Rock Oyst&acostrea glomerulafa(as
M. roughleyj Farley et al. 1988, but recently reclassified Bmamia roughleyi
(Cochennec-Laureau et al. 2003))Mikrocytos mackiniis commonly found in
vesicular connective tissue immediately adjacent to aesd$sci of haemocytosis),
while B. roughleyi and Bonamia spp. are most commonly intracellular within
haemocytes (Hine and Wesney 1994, OIE 2000, B. Diggles, persoseaivation).
On this basis the microcell-like cells found in the Paafsters from these samples
appeared to possess characteristics more like thdgéiaicytos mackinrather than
Bonamiaspp, because the vast majority were extracellular.

The microcell-like cells found in these samples weightdy larger (2-4 um) than
recorded forB. roughleyj (1-4 um, see Farley et al. 1988), but were very similar in
size and appearance Bonamia exitiosusvhen the latter are found in lightly infected
New Zealand dredge oysters (Appendix 5). In any case,odilre tvery small size of
these cells (which at 1-4 pm are approaching the limit oblugen for light
microscopy), any comparison at the light microscopéel lsverobably meaningless at
this stage. Definitive diagnosis for bdBlonamiaspp. andViikrocytosspp. to satisfy
OIE requirements is currently based on transmissiootrele microscopy (TEM)

7
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examination of the microcells. Molecular probes arailable (Adlard and Lester
1995, Cochennec et al. 2000, Carnegie et al. 2003, Diggles et al. 2@0B)kse have
not been validated for southern hemisphere microcells tete their use for
diagnostic purposes is currently limited. This suggests atiditional sampling is
required to collect more material, preferentially freme LN, specifically for TEM for
initial attempts at a definitive diagnosis. At the satinge, however, it would be
advisable to collect samples for molecular analysishese could be analysed at a
later date.

One potential problem with collecting additional samplesTieM is the low intensity
of infection in the oysters examined in this sample. Eatetie site with the highest
prevalence of microcell-like cells (site LN), of the 99 eystwhich were recorded as
infected only 15 (15%) had infections which were classiisdmoderate. Infected
oysters from all other sites were classified as ligimlgcted. This is not surprising as
these sites were surveyed in the absence of clinical diseaggesting that the oysters
with microcell-like cells are perhaps reservoir hostscarriers of these cells, as
suggested fo€. gigasby Bower et al. (1994). Itis considered unlikely that nuefis
could be visualised by TEM in lightly infected oysteasd the chances of detecting
microcells by TEM in moderately infected oysters may bg singhtly higher. This is
because microcells are usually detected by TEM only ieadesd, heavily infected
oysters (M. Hine, personal communication). This suggésts llefore additional
samples are taken for TEM, preferably from site LN, theterg should be stressed in
a quarantine facility to try and increase infectioremsity, perhaps by overcrowding
and/or increase in water temperature (which can protheteourse of disease in the
case ofBonamia exitiosugsee Hine et al. 2002)), and /or a decrease in water
temperature, which promotes disease in the cabkkobcytos mackin{see Hervio et
al. 1996) andB. roughleyi(see Farley et al. 1988). Alternatively, some published
techniques for isolating and purifying microcells (Mialheakt 1988, Hervio et al.
1996, Joly et al. 2001) could be utilised to attempt to oltairerial for ultrastructural
and/or molecular analysis.

— T > 100
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The hypertrophied nuclei with marginated chromatin observeesicular connective
tissue cells of oysters from all sites were almosnhtidel to lesions described by
previous workers i€. gigasinfected by herpes-like viruses (Hine et al. 1992, Renault
et al. 2000, 2001). Additional work would be required using TEM@nmolecular
technigues to determine whether the cell abnormalities setbgsters were caused by
a viral infection. Many of the oysters with these nuclglanormalities were in poor
condition with marked digestive tubule atrophy, suggesting they haay been
diseased. However, high numbers of unusual cell nucif@anly conditioned oysters
may not necessarily be due to infection by a viral dseagent. It is also possible
these lesions could be associated with unfavourable envirésnoemditions such as
lack of food and/or very high water temperatures. Howehexause of the apparent

8
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association between the nuclear lesions and poor condhiempadssibility of a viral
agent must be ruled out before the lesion can be attribugsd environmental cause.

The copepod and ciliate parasites found here are common symbiohisalthy
oysters (McGladdery et al. 1993) and are of little patho&gignificance. The RLOs
were present at low prevalence (0.7 - 6.7%) and intensity ster@yfrom all sites.
RLOs and other related intracytoplasmic bacteria aobgily ubiquitous in marine
bivalves (Hine and Diggles 2002). Usually they occur at lownsities, as in the
present study, and are not associated with disease.eudowif the host becomes
stressed, due to factors which may include unfavoumil&@onmental conditions or
metabolic imbalances post-spawning, the RLOs can prolifaratenay cause disease
(Hine and Diggles 2002).

Diapedesis (migration of haemocytes across epitheleg,commonly observed in the
gut epithelium. Diapedesis is a normal metabolic procesgysters, and is used to
remove harmful elements or metabolic by products, as agelparasites such as
Bonamia (see McGladdery et al 1993). However, diapedesis also occtiealthy
oysters, and hence increased prevalence and intensitgpefdesis at some sites may
not necessarily be related to the presence of diseases aggoollutants. Focal areas
of cell necrosis were also encountered at all sitelsagppeared to occur in the absence
of obvious disease agents in most cases (non-specifiosmgcr In very rare cases
bacterial infections were associated with areas of osexrand haemocytosis,
particularly in small, poorly conditioned oysters. Due to theiv prevalence and
intensity of the bacterial infections observed, it suased they resulted from the poor
condition of these oysters (i.e. secondary infections), rdttzer the alternative of
them playing a direct causative role in a disease process

Viral gametocytic hypertrophy (VGH) due to Rapillomaviruslike papovirus has
been recorded in both the male and female gonadSraésostrea virginica(see
McGladdery et al. 1993) and. gigas(see Farley 1985). I€. virginica the virus
causes hypertrophy of gametes and germinal epitheliuminteasity of infection is
usually low and the infection is not associated with mibytar reduced fecundity
(McGladdery et al. 1993). The nuclear changes observed gigasin the present
study were very suggestive of viral infection, however vimablvement would again
require confirmation by TEM. In any case, given the vsusgolved with VGH are
apparently ubiquitous, and that they appear to have minivalse effects on oyster
health, prevention of spread of such viruses by restrictiowyster movements
appears unnecessary (McGladdery et al. 1993).

Shellfish Disease Surveillafftcegramme - Final Report June 2003
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Appendices  Lesjons observed in Pacific oyste€s gigag from South Australia.

Appendix 1. Microcell-like cell (arrow) in vesicular connecttissue surrounded by
host haemocytes in an oyster from site LN. 1500x magnditat

— T > 100

10/11/17

Appendix 2. Two extracellular microcell-like cells (arrovasljacent to a focal area of
haemocytosis in an oyster from site LN. 1500x magnification.
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Appendix 3. Multiple foci of haemocytosis (arrows) in theimg@ar connective tissue
of an oyster from site LN. 75x magnification.

— T >30T

10/11/17

: B Tl - n
- \ : # .
%' S8 S
HL RO e 8
SO Sor e 53 08 4%
v !"."'z‘!&?ﬁ"f-“i R L < Ve

Appendix 4. Diffuse haemocytosis in the vesicular connedtisae of an oyster from
site LN. 75x magnification.
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Appendix 5. Comparison of a singBonamia exitiosugarrow, main picture) in a
New Zealand dredge oystdDgtrea chilensiswith microcell-like cells from Pacific
oysters from (clockwise from top) sites CW2, LN, DB, GBS and SM. Photos &.
exitiosus,CW2, LN and DB taken at 1500x magnification. Photos for G and
SM taken at 1000x magnification.

— T >30T

10/11/17
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Appendix 6. A microcell-like cell (arrow) apparently insidee tcytoplasm of a
haemocyte in the connective tissue of an oyster fronD8tel 500x magnification.
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Appendix 7. Hypertrophied nuclei with marginated chromgtmows) in the
connective tissues of an oyster from site DBS. 1000x magtidit

— T >30T

10/11/17

Appendix 8. Digestive tissue atrophy (arrows) in an oystan site PJ/BP with
numerous hypertrophied cell nuclei (arrowheads). 400x madiuiica
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Appendix 9. Severe digestive tubule atrophy (arrows) in aooriditioned oyster
from site PJ/BP. The arrowheads indicate necrotic dftleells. 100x magnification.

— T >30T

10/11/17

Appendix 10. Normal female gametes from an oyster from SFPe 1000x
magnification.
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Appendix 11. Suspected viral gametocytic hypertrophy in the gofnaudl oyster from
site SP. Note bizarre chromatin patterns in the melgshypertrophied nucleus.
1000x magnification.

— T > 100

10/11/17

Appendix 12. A necrotic digestive tubule (arrows) in an oystenfite ST. 200x

magnification.
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Appendix 13. Bacterial colony (arrow) surrounded by haemsadgtan oyster from
site SP. 1000x magnification.

— T >30T

10/11/17

Appendix 14. Heavy diapedesis in the epithelium of the gut ofyater from site ST.
200x magnification.
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Appendix 15. Pseudomyicoldike copepod encapsulated in the connective tissue of
an oyster from site SM. 100x magnification.

— T >30T

10/11/17

Appendix 16. Ancistrocomdike ciliate in the digestive tubule of an oyster from site
ST. 1000x magnification.
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Appendix 17. Trichodinasp. from the gills of an oyster from site CW. 800x
magnification.

— T >30T

10/11/17

Appendix 18. Rickettsia-like organisms (RLOs) (arrows analrheads) in the
digestive gland epithelium of an oyster from site PJ/BP. #@@ynification.
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Appendix 19. A large rickettsial inclusion (arrowheads) surrodigenfiltrating
haemocytes in the gills of an oyster from site DBSOxIfagnification.
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