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Summary 
 

Five hundred dredge oysters (Ostrea chilensis) sampled from 10 sites in Foveaux Strait in February 
2004 were supplied by NIWA Wellington and examined by histopathology for sex, gonad stage, 
infection by Bonamia exitiosa and other significant disease agents.  Bonamia exitiosa was very 
prevalent at all 10 sites sampled, occurring in almost 50% of the oysters examined at a moderate mean 
intensity of infection.  First impressions while looking at the slides suggested that oysters which were 
spent or reabsorbing gonad material, and particularly female oysters, were more likely to have heavy B. 
exitiosa infections, however, statistical analysis of these data will be required to determine whether there 
are any significant relationships between bonamiosis and oyster size, sex, gonad stage and/or any  
concurrent parasitic infections. 
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Introduction 

In order to better understand the epizootiology of infections of dredge oysters (Ostrea chilensis) with 
Bonamia exitiosa (formerly B. exitiosus see Hine et al. 2001, Berthe and Hine 2003), data which may 
elucidate relationships between Bonamia infection and oyster size, sex, gonad stage and other 
concurrent infections needs to be collected and included in both epidemiological and oyster stock 
population models.  The present study was undertaken to collect the data required to examine these 
interrelationships in a sample of 500 O. chilensis of various sizes collected from 10 sites in Foveaux 
Strait in February 2004 during an ongoing Bonamia epizootic.   

Materials and Methods 

Ten samples of 50 oysters of various sizes (total = 500 oysters) were collected from 10 sites in Foveaux 
Strait in February 2004.  These 10 sites (site 5, 6, 7, 10, 11, 18, 20, 27, 35, and 36) were selected 
because they had been identified using heart imprint screening techniques as being areas where 
relatively heavy mortality was being experienced due to Bonamia.  Oysters sampled from each site were 
measured, opened and a standard cross section of each oyster was excised using a scalpel, placed in a 
histopathology cassette and fixed in 10% formalin in filtered seawater.  The fixed samples were 
supplied to DigsFish Pathology Services, who on-processed them for histopathology.  The samples were 
embedded in wax and sections 5 µm thick were cut and stained with hematoxylin and eosin using 
standard techniques.  The sections were the examined under a compound microscope to determine 
oyster sex, gonad stage, infection by Bonamia exitiosa and other significant disease agents.    

Oyster sex was classed as either male (Appendix 1), female (Appendix 2), hermaphrodite (Appendix 3), 
spent (Appendix 4) or immature as determined by the histological features summarised in Table 1.   
Gonad stage was classified numerically between 0 and 6 using the histological observations summarised 
in Table 2.  The intensity of Bonamia exitiosa infections was classified using a 5 stage semi quantitative 
scoring technique (Table 3) while the intensities of haemocytosis, concurrent infections of other 
parasites and pathological lesions were classified using a 3 stage semi quantitative scoring method 
(Table 4).  The location of any haemocytosis observed was also recorded. 

Table 1.  Criteria used to classify oyster sex. 

Sex classification Histological features used Data sheet score 
Male  Only male reproductive material observed 1 
Female  Only female reproductive material observed 2 
Spent Neither male or female reproductive material evident, evidence of 

haemocytosis in gonad follicles indicating gonad reabsorption 
3 

Hermaphrodite Both male and female reproductive material evident 4 
Immature No reproductive material evident, no evidence of haemocytosis in 

gonad follicles 
5 
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Table 2.  Criteria used to classify gonad stage. 

Sex classification Histological features used Data sheet score 
Immature  Gonad follicles present, but no reproductive material observed 

and no evidence of haemocytosis in gonad follicles 
0 

Gonad material 
present 

Spermatogonia (male), or Oogonia (female) present but no 
spermatogenesis or ovogenesis observed   

1 

Stage 2 gonad 
development 

Spermatogenesis and ovogenesis observed, some spermatozoa 
(male) or ovocytes (female) present  

2 

Stage 3 gonad 
development 

Spermatogenesis and ovogenesis well underway, many 
spermatozoa (male) or ovocytes (female) present 

3 

Spawning 
condition 

Large quantities of mature ova or spermatozoa evident in the 
lumen of gonad follicles 

4 

Reabsorbing 
gonad 

Haemocytosis evident in gonad follicles, phagocytosis of gonad 
material occurring 

5 

Spent Phagocytosis of gonad material complete or nearly complete, 
remnants of gonad may be visible 

6 

 

Table 3.  Criteria used to classify intensity of infection by B. exitiosa. 

Classification Histological features used  Data sheet score 
Present  One or two Bonamia observed in an entire section  1 
Light to moderate  Low numbers of Bonamia present in the section, usually only 1 

or 2 per infected haemocyte in focal areas of haemocytosis 
2 

Moderate Moderate numbers of Bonamia present in the section, in many 
focal areas with haemocytosis in connective tissue, but still with 
few Bonamia per infected haemocyte 

3 

Moderate to 
heavy 

Many Bonamia present throughout the entire section, including 
connective tissues, very conspicuous haemocytosis in connective 
tissues 

4 

Heavy/terminal Very large numbers of Bonamia present throughout the entire 
section, massive haemocytosis, many Bonamia in virtually all 
hemocytes, terminal stage 

5 

 

Table 4.  Criteria used to classify intensity of haemocytosis, other parasites or pathological lesions. 

Classification Data sheet score 
Light 1 
Moderate  2 
Heavy 3 

 

Results 

The majority of oysters examined were either female (42.8%), or hermaphrodite (30.6%) (Table 5).  
Seven of the oysters (1.4%) were completely spent and could not be sexed due to lack of either male or 
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female reproductive material.  Most of the oysters examined were either reabsorbing gonad material 
(42.4%) or were spent (24.8%) (Figure 1).  Intensity of B. exitiosa infections (Appendices 5, 6) was 
highest at sites 5 and 7 (68% and 66% prevalence, respectively) and overall prevalence of B. exitiosa at 
all sites was 47.6% at a mean intensity of 2.83 (Table 6).    

Table 5.  Summary of results – oyster sex  
 

Site % Male % Female % spent % hermaphrodite % immature 

Site 5 14 54 2 20 10 

Site 6 22 16 4 52 2 

Site 7 24 42 0 32 2 

Site 10 28 58 2 12 0 

Site 11 18 46 2 34 0 

Site 18 18 46 0 34 2 

Site 20 38 30 0 32 0 

Site 27 22 36 0 42 0 

Site 35 15 36 0 34 0 

Site 36 22 48 4 26 0 

All sites 23.6 42.8 1.4 30.6 1.6 
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Figure 1.  Gonad stage of oysters collected from Foveaux Strait in February 2004. 
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Table 6.  Summary of results – prevalence (%) and mean intensity (in parentheses) of parasite infections 
and pathological lesions. 
 

Site Bonamia 
exitiosa  

Haemocytosis Putative 
virus 

Apicomplexan Microsporidium 
rapuae 

Rickettsial 
inclusions 

Site 5 68% 
(2.88) 

88% (1.82) 8% (1) 78% (1.38) 0% 0% 

Site 6 54% 
(2.7) 

72% (1.81) 0% 90% (1.29) 12% (1) 2% (1) 

Site 7 66% 
(2.66) 

90% (1.56) 0 90% (1.46) 6% (1) 0% 

Site 10 44% 
(3.45) 

92% (1.8) 2% (1) 86% (1.42) 12% (1.33) 0% 

Site 11 42% 
(3.14) 

58% (1.83) 0% 76% (1.66) 6% (1) 0% 

Site 18 54% 
(2.7) 

66% (1.85) 4% (1.5) 84% (1.31) 2% (1) 4% (2) 

Site 20 18% 
(3.33) 

26% (1.92) 0% 80% (1.15) 20% (1.1) 0% 

Site 27 48% 
(2.83) 

66% (1.7) 2% (1) 88% (1.23) 10% (1) 2% (1) 

Site 35 36% 
(2.56) 

42% (1.62) 0% 78% (1.38) 4% (1.5) 2% (1) 

Site 36 44% 
(2.36) 

54% (1.67) 0% 86% (1.23) 8% (1.25) 0% 

All 
sites 

47.6% 
(2.83) 

65.4% (1.75) 1.6% 
(1.13) 

83.6% (1.34) 8% (1.13) 1% (1.4) 

 

An undescribed apicomplexan (Appendix 7) previously described by Hine (2002) was very prevalent in 
oysters from all sites (mean prevalence 83.6%) (Table 6).  Cysts containing the spores of a 
microspordian Microsporidium rapuae (Appendix 8) previously described by Jones (1981) was found in 
connective tissue surrounding the gut of oysters from all sites except site 5 (Table 6).  These cysts were 
usually surrounded by host haemocytes.  Haemocytosis was always associated with B. exitiosa 
infections and was found at the highest prevalences (88-90%) at sites 5 and 7 where B. exitiosa was 
most prevalent (Table 6).  Virus-like inclusions (Appendix 9) were observed in the nuclei of 
degenerating digestive gland epithelial cells at low prevalences in oysters from sites 5, 10, 18 and 27 
(Table 6).  Inclusions containing rickettsia-like prokaryotes (Appendix 10) were observed at low 
prevalences in the digestive gland epithelium of oysters from sites 6, 18, 27 and 35 (Table 6). 
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One oyster from site 11 which had a heavy Bonamia infection was also castrated by the trematode 
Bucephalus longicornutus (see Howell 1967, Appendix 11), while another oyster from site 35 had a 
mild case of gametocytic hypertrophy, a disease of probable viral aetiology (Appendix 12).   

Discussion 

Bonamia exitiosa was very prevalent at all 10 sites sampled, occurring in almost 50% of the oysters 
examined at a moderate mean intensity of infection.  Diggles et al. (2003) found the sensitivity of 
histopathology was only 44.4% that of two molecular methods (Polymerase Chain Reaction (PCR) and 
in-situ hybridisation (ISH)).  This suggests that the true prevalence of B. exitiosa in Foveaux Strait in 
February 2004 is well over 50%, and that indeed the majority of oysters there may be infected.  Diggles 
et al. (2003) also found heart smears to be a more sensitive diagnostic technique than histology, 
however that study was done on only 28 oysters.  As the present study has examined at least 250 oysters 
for which both heart smear and histology information is available, the relative sensitivity of each 
method should be compared again to determine if one or the other is a more sensitive diagnostic 
method.  

It is assumed that the relationship between B. exitiosa and O. chilensis is a long standing one, based on 
host/parasite interactions (Hine 1991, 1996, Hine et al. 2001).  Hine (1991) reported an annual pattern of 
infection occurred during epizootics in which infection by B. exitiosa peaked during late summer in 
mainly female oysters reabsorbing their gonads at the end of the spawning season.  First impressions 
while looking at the slides in the present study suggested that oysters which were spent or reabsorbing 
gonad material, and particularly female oysters, were more likely to have heavy B. exitiosa infections, 
which supports the previous observations of Hine (1991) and Hine et al. (2002).  Several small male 
oysters were also heavily infected, however, and other studies have not found any significant trends 
between oyster sex and bonamiosis (Caceres-Martinez et al. 1995, Culloty and Mulcahy 1996, Jeffs and 
Hickman 2000).  In any case, statistical analysis of these data will be required to determine whether 
there are any significant relationships between Bonamiosis and oyster size, sex, and gonad stage in this 
data set. 

Hine (2002) suggested that the presence of heavy infections of an undescribed apicomplexan may 
predispose oysters to bonamiosis.  In the present study there did not appear to be any significant 
correlation between apicomplexan infections and bonamiosis (based on first impressions while viewing 
the slides).  Hine et al. (2002) also found no relationship between intensity of the apicomplexan and 
bonamiosis in their laboratory studies.  Again, however, statistical analysis of these data will be required 
to determine whether any significant relationship exists between apicomplexan infection and 
Bonamiosis. 

The semiquantitative methods used here to describe the intensity of B. exitiosa infections using 
histology may not agree directly with the semiquantitative scoring method devised using heart smear 
data.  This possibility should be examined for all oysters which have been assessed by both methods and 
a correction factor for the histological data should be determined, if required. 
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A second Bonamia-like haplosporidian is reported to also occur at low prevalences in O. chilensis from 
Foveaux Strait (Hine 1997).  This parasite is indistinguishable from B. exitiosa using light microscopy, 
being differentiated from B. exitiosa by its synchronous division and ultrastructure (Hine 1997).  
Differentiation of this parasite from B. exitiosa using histology during the present study was impossible, 
and for the present all Bonamia encountered in these samples should be considered to be B. exitiosa.    
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Appendices 

 
 
Appendix 1.  Histology of male gonad showing lighter coloured spermatocytes surrounding 
spermatozoa in the lumen of the gonad follicle.  
 

 
 
Appendix 2.  Histology of the large, mature ovocytes in the ripe female gonad. 
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Appendix 3.  Histology of a hermaphrodite gonad containing both male and female reproductive 
material. 
 

 
 
Appendix 4.  Histopathology of a spent gonad follicle containing masses of infiltrating haemocytes 
which have displaced reproductive tissue.  Some haemocytes contain microcells of Bonamia exitiosa.   
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Appendix 5.  Heavy infection of Bonamia exitiosa in haemocytes during the process of reabsorption of 
ovocytes from a female gonad. 
 

 
 
Appendix 6.  High power view of Bonamia exitiosa (arrows) inside haemocytes. 
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Appendix 7.  High power view of zoites (arrows) of an undescribed apicomplexan which occurred at 
high prevalence at all sites. 

 

 
 

Appendix 8.  Two cysts containing spores of the microsporidian Microsporidium rapuae in connective 
tissue surrounding the gut. 
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Appendix 9.  Virus-like inclusion (arrow) in the hypertrophied nucleus of a digestive gland epithelial 
cell. 
 

 
 
Appendix 10.  Rickettsia-like inclusions (arrows) in the digestive gland epithelium. 
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Appendix 11.  Gonad of an oyster from site 11 castrated by the trematode Bucephalus longicornutus.   
 

 
 
Appendix 12.  Viral gametocytic hypertrophy (arrow) in the female gonad of an oyster from site 35.   


