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ABSTRACT: T he pro tozoan  b lood-cell pa rasite  B onam ia ostreae  of th e  E u ro p ean  flat o yster Ostrea  
ed u lis  has cau sed  ex tensive  m orta lities in France, the  U nited  K ingdom , T he N e th erlan d s , Spain , and 
D enm ark . T he discovery of the  d isease  in 4 oyster p opu lations in N orth  A m erica is the  first d o c u m e n ta 
tion of the  d isease  ou tside  Europe. U ltrastructure  of the  p a rasite , in flam m atory  lesions in th e  affec ted  
oysters, and  transm issib ility  p a tte rn s  of the d isease  d em o n s tra te  the  id en tity  of th e  d isease  in E urope 
an d  N orth  A m erica. C u rren t s tu d ies and  reconstruction  of historical reco rds trace  the  orig in  of the  
d isease  to C alifornia (USA) and  possibly an  A tlantic  N orth  A m erican  site, fo llow ed by its sp re ad  w ith in  
N orth  A m erica and  to E urope, w h ere  it w as first desc rib ed  in  deta il an d  reco g n ized  as a sign ifican t 
cau se  of oyster m ortalities.

INTRODUCTION

A disease leading to extensive mortalities of the 
European flat oyster Ostrea edulis is caused by the 
protozoan parasite Bonamia ostreae of the oyster's 
blood cells. First described from oysters in France in 
1979 (Comps et al. 1980), significant mortalities of the 
flat oyster have been attributed to the disease in a 
variety of European countries including France, Spain, 
England, Denmark, and The N etherlands (Balouet et 
al. 1983, Bucke & Feist 1985, Van Banning 1985). The 
organism spreads readily within dense populations of 
oysters and is associated with cumulative mortality 
rates of up to 80 % within 6 mo of introduction to a 
population (Poder et al. 1982, Balouet et al. 1983).

Although previous reports described separate and 
apparently different 'microcell' parasites and associ
ated mortalities from the flat oyster and the Pacific 
oyster Crassostrea gigas in w estern North America 
(Katkansky et al. 1969, Katkansky & W arner 1974, 
Glude 1975), the identity of these microcelis, and their 
possible relation to Bonamia ostreae, has never been 
determ ined. We report here the first definitive evi
dence of the occurrence of B. ostreae disease in North 
America and associated flat oyster mortalities. Addi
tionally, we include im portant observations on the

prevalance of this significant disease in 9 separate 
stocks of oysters, and reconstruct historical information 
w hich dem onstrates the probable route by which this 
serious disease spread within North America and sub
sequently to Europe.

METHODS AND MATERIALS

A total of 560 flat oysters Ostrea edulis from western 
North American locations which represented  9 sepa
rate stocks (Table 1) w ere brought into the laboratory 
and held separately by stock in a quarantine facility 
w here they w ere placed m continuous flowing, sand- 
filtered, ultraviolet-irradiated seaw ater at 16 °C. Oys
ters w ere considered to be separate stocks for the 
purposes of these studies if they w ere collected from 
distinct locations and from a population whose recent 
history of geographic movem ents could be ascertained 
from records of regulatory agencies or shellfish farms. 
Each stock of oysters was held for observation for a 
minimum of 60 d (Table 1) (subsequently referred to as 
the 'live test ). Oysters were exam ined twice each 
w eek during the live test by testing the shell closure 
response of each individual. M oribund individuals 
w ere rem oved and processed for histological analysis
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using D avidson's fixative (Shaw & Battle 1957) and 
routine m ethods for paraffin histology. Selected sam p
les w ere processed for transmission electron micros
copy using previously described m ethods (Elston & 
Peacock 1984). Samples of the stocks of oysters in 
w hich the disease had not been  detected at the end of 
the live test period w ere sacrificed and processed his
tologically. Remaining live oysters in stocks from 
which diseased individuals had been detected were 
not sacrificed since these w ere considered to be po ten
tially valuable carriers for further definitive studies on 
the disease.

Thirty uninfected oysters w ere m arked and held in 
the sam e aquarium  as 55 oysters from an infected stock 
to determ ine the transmissibility of the disease. 
M oribund individuals w ere periodically rem oved and 
exam ined histologically.

RESULTS 

Pathology and identity ol the etiologic agent

W et-m ount preparations and histological sections of 
infected Ostrea edulis revealed num erous 2 to 3 pm 
spherical organism s with a characteristic eccentric 
protoplasm ic density within the blood cell cytoplasm 
(Fig. 1 & 2). The infected blood cells typically accum u
lated  in the vascular sinuses around stomach, style sac, 
and intestine. Infected blood cells were, however, 
observed in virtually all tissues. In heavily infected 
individuals, the blood cells containing the organism s 
w ere observed betw een digestive epithelial cells and 
in the lum en of digestive organs.

Fig. 3 & 4 show the typical ultrastructure of the

microorganism. It includes a peripheral nucleolus in 
the organism 's nucleus, large mitochondria with few 
tubular cristae and haplosporosomes which are dense 
bodies comprised of concentric laminations at their 
periphery and are about 215nm  in diameter. Fig. 3 
shows the process of nuclear division in which the 
nuclear m em brane is intact.

In addition to infected oysters, inflammatory lesions 
occurred in oysters in which the organism could not be 
detected (Table 1). These lesions consisted of accum u
lations of granulocytic am ebocytes around digestive 
organs which appeared to contain cellular debris.

Known distribution of the disease

Table 1 lists the identity by geographic source of the 
oyster stocks tested, the length of the live test for each 
stock and the occurrence of the disease in each stock as 
determ ined by histological methods. During the live 
test, 3 stocks from Puget Sound, W ashington (Stocks 1, 
2 & 3 in Table 1), w ere confirmed to have carriers of the 
disease since it was detected in some of the moribund 
individuals from these stocks. All of the diseased oys
ters were 2 to 5 yr of age. In these 3 stocks, cumulative 
mortality (including w hat was considered to be term i
nal morbidity) ranged from 30 to 35 % during the live 
test. Between 34 and 100 % of ttie sick and dead oysters 
w ere positively diagnosed as having the disease. Of 
the rem aining 6 stocks of oysters, no morbidity or 
mortality was observed in 4 stocks and the cumulative 
m ortality in the other 2 stocks was 4 and 9 %. The Mud 
Bay stock was, however, infected, as determ ined by 
histological examination of the oysters at the end of the 
live test although no oysters died or becam e moribund

Fig. 1. O strea edulis. N om arsk i differ
en tia l in te rfe ren ce  m icrograph  of a live 
w e t p rep ara tio n  of B onam ia ostreae  in 

fected  blood cells (arrows); 1280X
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Fig. 2 to 4. O strea edulis. 
Fig. 2. B onam ia ostreae  in 
fected  hem ocy tes (arrows); 
1000 X ; H em atoxylin  and 
eosin. Fig. 3. E lectron  m i
c ro g rap h  of B. ostreae  
show ing  divid ing nuclei 
w ith nucleus m em b ran e  in 
tac t and p e rip h e ra l nucleoli 
(Nu); arrow s: haplosporo- 
sornes; 40 0 0 0 x . Fig. 4. Ha- 
p losporosom e in B. ostreae  

cytoplasm ; 120 0 0 0 x

«/

wm

during the test. The parasite was not detected in any 
oysters from the other 5 stocks (Table 1).

The history of the stocks, as far as could be deter
m ined from available records, is as follows in reference 
to the stock num bers in Table 1: Stocks 1 to 3 origi
nated  from a now defunct shellfish hatchery located on 
Elkhom  Slough in California. Stock 4 was shipped 
from an unidentified European source to a shellfish 
hatchery in M aine, the progeny w ere then shipped to 
Liberty Bay, W ashington; Stock 5 was shipped from 
Hum boldt Bay, California, to Liberty Bay, W ashington; 
Stock 6 was shipped from M aine to South Puget Sound, 
W ashington, w here it was likely mixed with infected 
Stock 1, 2 yr prior to exam ination at the laboratory; 
Stock 7 was from the same source as Stock 6 but was 
grown out in a different bay in Puget Sound (Table 1). 
Stock 8 was transferred from M aine to Humboldt Bay,

California, prior to its introduction to W ashington. The 
infected Stocks 1 and 2 w ere shipped directly from the 
California source to W ashington while Stock 3 was 
reported to have been  shipped to a location in Oregon 
state prior to its final shipm ent to Puget Sound.

Transmission of the disease

Only 5 of the 30 uninfected Ostrea edulis exposed to 
Bonamia ostreae infected oysters died before the du ra
tion of exposure had reached 210 d. The disease could 
not be diagnosed in any of these oysters. However, all 
of the rem aining 25 oysters died betw een 210 and 
266 d of exposure, and all w ere confirmed to have 
advanced cases of the disease by histological exam ina
tion. Three of the 30 control oysters died during the
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T ab le  1. O strea edulis. E valuation  of N orth  A m erican  stocks for p re sen ce  of Bonam ia ostreae  d isease

H istology oí oysters live at end  of test 
period : proportion  (%)

S tock id en tity “ L ength  of M ortality: N u m b er (%) of Inflam m atory  Bonam ia
live test Proportion  (%) d ead  oysters lesions organism s

of live test w ith bonam iasis

(1) Sou th  P u g e t 6 mo 25/72 (35) 19/25 (76) NAb NA
S o u n d - 1

(2) Sou th  P u g e t 2 mo 8/25 (32) 8/8 (100) NA NA
S o u n d - 2

(3) N orth  P u g e t 7 mo 38/126 (30) 13/38 (34) NA NA
Sound

(4) L iberty  B a y - 1 5 mo 5/120 (4) 0/5 NA NA
(5) L iberty  B a y -2 6 mo 7/80 (9) 0/7 18/35 (51) 0/35
(6) M ud  Bay 2 mo 0/27 - 25/27 (93) 6/27 (22)
(7) O ak lan d  Bay 2 mo 0/28 - 18/27 (67) 0/27
(8) H u m b o ld t Bay 2 mo 0/52 - 7/35 (20) 0/35

C a lifo rn ia - 1
(9) H u m b o ld t Bay 2 mo 0/30 - 8/30 (27) 0/30

C alifo rn ia - 2

“ S tocks 1 th ro u g h  7 w ere  from W ash ing ton  S ta te  locations 
bNA : no t app licab le

live test but the parasite was not detected in these or 
any of the rem aining 27 oysters at the term ination of 
the experim ent.

DISCUSSION

Com parison of both the pathological m anifestations 
of the disease and the specific structures of the 
etiologic agen t observed in this study with information 
in earlier reports of the disease in Europe (Comps et al. 
1980, Balouet et al. 1983, Bucke & Feist 1985) confirm 
that the disease in North America is caused by 
Bonamia ostreae. The localization of the 2 to 3 pm 
organism  in hemocytes, the subsequent inflammatory 
response, the peripheral nucleolus of the organism, the 
retention of the nuclear m em brane during division, the 
presence of haplosporosomes, and the transmissibility 
of the disease are key features in establishing this 
identity. Furtherm ore, the subsequent appearance of 
bonam iasis at locations on 2 continents which received 
Ostrea edulis seed from the Elkhorn Slough, California 
site (see below) is supporting epizootiological evi
dence of the identity of the disease in North A m enca 
and Europe.

Although sporulation of the parasite  has not been 
reported, it has been suggested that Bonamia ostrea is 
a haplosporidan due to the presence of haplo
sporosomes (Pichot et al. 1980). However, similar 
organelles occur in the Myxozoa and thus spore struc
ture (i.e. m ulticellular spores w ithout polar capsules) 
should be used to define its appropriate taxon. Because

no spores have been detected, its placem ent in the 
phylum Ascetospora is tenuous. Poder et al. (1982) 
showed that the infection can be spread directly from 
oyster to oyster. Therefore, if a reservoir host exists in 
which sporulation occurs, it is not needed for transm is
sion of the disease.

The occurrence of the inflammatory lesions in both 
infected and apparently uninfected oyster stocks is of 
interest. Bucke & Feist (1985) m ake note of hemocytic 
proliferation and the unclear relation of this to infesta
tion with the parasite. Further studies should investi
gate any possible relation of the inflammation with 
cryptic developm ental stages of the disease. Since 
inflammatory lesions of unknow n cause are not 
uncommon in oysters, the presence of these without a 
definitive parasite identification cannot be taken to 
indicate the presence of Bonamia ostreae.

The seriousness of the disease in Europe indicates 
that it is a significant cause of oyster mortalities and 
that action should be taken to eradicate the disease or 
at least prevent its further spread. The disease is 
reported to result in oyster mortalities of up to 80 % 
with a detectable prevalence of 60 % in affected popu
lations (Balouet et al. 1983). The disease can result in 
moribund oysters following as short as a 3 to 4 mo 
exposure to infected oysters under experim ental condi
tions but may require longer to spread in less dense 
field populations (Poder et al. 1982, Van Banning 
1982). Thus, the transmission studies reported here are 
consistent with earlier studies.

Some hope for eradication of the disease in well-
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defined infected areas is indicated in the ongoing 
studies conducted by Van Banning (1982, 1985). In 
these studies, in which infected oysters were removed 
from beds on the Yerseke Bank in the Netherlands, 
prevalence of infection was reduced from betw een 4 to 
24 % to zero over a 3 yr period in 6 locations. Unex
pected recurrence of the disease was reported in early 
studies but over the longer term, the eradication 
m easures may be effective. Clearly, constant monitor
ing for the infection until no infected oysters have been 
detected for a period of several years is essential to any 
effective eradication program.

The apparen t direct source of the infected oyster 
stocks in W ashington was the Elkhorn Slough, Califor
nia source. This same location was the source of large 
am ounts of Ostrea edulis seed transferred to France in 
the years prior to the detection of the disease there. A 
'microcelT disease of O. edulis was reported to occur in 
Morro Bay, Elkhorn Slough and D rake's Estero but not 
in Tómales Bay or Humboldt Bay, California, in 1966 
and 1967 (Katkansky & W arner 1974). One of the 
authors of the present paper (C. A. Farley) made the 
original histological confirmation of the microcell con
dition in 1966 and later suggested that it was identical 
with bonam iasis in Europe based on ultrastructural 
observations made on the deparaffinized histological 
sections. The condition was detected in all gaping 
oysters from Morro Bay and in 30 to 58 % of the live 
oysters from the 3 locations. Mortality associated with 
the condition was high in a variety of populations 
studied during the 1960s and reached 100% within 12 
mo in oysters planted in Elkhorn Slough in March of 
1966. These brief descriptions given of the pathologi
cal manifestations of the disease strongly suggest that 
it was bonamiasis. The infected stocks identified in 
Puget Sound (Stocks 1, 2 & 3), all of which onginated 
from the Elkhorn Slough shellfish hatchery, were 
apparently descendants of a stock transferred there 
from Tómales Bay in 1965 (Katkansky & W arner 1974). 
Although the same authors report shipm ents of O. 
edulis from the Milford (Connecticut, USA) laboratory 
to other sites in California in 1963, 1964 and 1965, it is 
not certain from that report if the Elkhorn Slough 
oysters were descendants of the Milford stock, 
although this seems likely. Thus, while the Elkhorn 
Slough, California, source can be implicated in the 
spread of the disease in both North America and 
Europe, the prior history of the disease rem ains 
difficult to reconstruct. Examination of archive speci
m ens of O. edulis from the northeastern United States 
may further elucidate the source of the disease.

The seriousness of this disease and its association 
with 'microcelis' was recognized in California at least 
as early as 1966 and was docum ented in the scientific 
literature in 1969 (Katkansky et al. 1969). In spite of

international concern by governm ent agencies for the 
containm ent of infectious shellfish diseases, this 
docum entation was not sufficient to prevent the intro
duction of the disease into Europe in the late 1970s. 
More effective disease control m easures will require 
educational m easures for the shellfish industry and 
m utually supportive interactions betw een governm ent 
and industry.

A ck n o w le d g e m e n ts .  T he M arine R esearch  L aboratory  is pa rt 
of th e  Pacific N o rth w est L aboratory, w hich  is o p e ra ted  for the 
D ep artm en t of E nergy  by B attelle M em orial In stitu te  u n d e r 
C o n trac t D E -A C 0 6 -7 6 R L 0  1830.
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