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ABSTRACT Perkinsus marinus infection intensity in Crassostrea virginica can be quantified without killing of oysters by deter­
mining parasite density in hemolymph samples incubated in fluid thioglycollate medium (FTM). The goal of this study was to improve 
existing protocols for counting of P. marinus in oyster hemolymph. Specifically, the objectives were to examine the effects on parasite 
number and diameter of: 1) adding supplements to FTM such as lipid and oyster extract; 2) incubating with various FTM preparations 
with and without agar or beef extract; 3) incubating with various hemocyte densities (105 , JO". and 107 hemocytes/mL of rTM) in a 
constant FTM volume; 4) incubating with different volumes of FTM (0.2 mL, 1.0 mL. 5.0 mL, and 25.0 mL); and 5) sodium hydroxide 
digestion of cellular debris. From these results, an improved hemolymph protocol was developed. The diameters and numbers of 
enlarged parasites or hypnospores in hemolymph of 20 oysters measured by the improved protocol and the standard FTM hemolymph 
assay of Gauthier and Fisher were compared. Finally, the standard and improved protocols were compared with the FTM body burden 
assay. The diameter of hypnospores from samples processed with the improved protocol (26 ± 13 11,m) was significantly greater than 
the diameters from samples processed with the standard protocol ( 10 ± 4 µm). The number of hypnospores in samples processed with 
the improved protocol (8.6 x 103 ± 3.3 x l 03) was significantly greater than the numbers in samples processed with the standard 
protocol ( l.9 x 103 ± 3.4 x 10.1)_ Results of the body burden assay were significantly correlated with results of the standard hemolymph 
assay and with results of the improved hemolymph assay. The coefficient of determination (12 0.7602) and slope (0.91189) of the 
regression of the FTM body burden assay against the improved FTM hemolymph assay was improved from the coefficient of 
determination (0.5543) and slope (0.61257) of the regression of the FTM body burden assay against of the standard FTM hemolymph 
assay. 
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INTRODUCTION 

Use of a protocol to quantify the presence of the pathogenic 
protozoan Perkinsus marinus by determining the number of en-

parasites, or hypnospores, in hemolymph samples of eastern 
oysters, Crassostrea virginica, allows estimation of infection in­
tensity without killing oysters (Gauthier & Fisher 1990). There­
fore, infection intensity in the same animal can be monitored over 
time. [n the existing protocol, hemolymph from the adductor 
muscle sinus is removed, centrifuged, and the cell pellets contain-

oyster hemocytes and parasites are incubated in fluid thiogly­
collate medium (FTM) for I week. After incubation, cellular de­
blis is digested with sodium hydroxide (NaOH). The hypnospores 
are stained with Lugol's solution and their numbers per mL de­
termined. This FTM hemolymph assay has been useful to follow 
the progression of the disease in individual oysters under different 
environmental conditions (Fisher et al. 1992, Ragone Calvo & 
Burreson 1994 ). 

Gauthier and Fisher ( 1990) proposed additional advantages of 
the FTM hemolymph assay, including the detection of early in­
fections and the measurement of systemic infections rather than 
localized infections. In their initial study, the FTM hemolymph 
assay detected many infections misdiagnosed as negative by Ray's 
FTM tissue assay. In Ray's FTM tissue assay, a piece of oyster 
tissue (e.g., mantle tissue in Gauthier and Fisher's 1990 study) is 
incubated in FTJ\1 for about a week, the tissue is then smeared on 
a slide, and the parasites stained with Lugol's solution and the 
intensity of infection are estimated using a semi-quantitative scale 

*Corresponding author. E-mail: jlapeyre@agctr.lsu.edu

(Ray et al. 1953, Ray 1954a, Ray 1954b). Bushek et al. (1994), 
however, found no evidence that the FTM hemolymph assay was 
more sensitive than the FTM tissue assay in detecting low P.

marinus infections when both mantle and rectal tissues were used 
in the tissue assay. Moreover, correlations between FTM tissue 

and FTM body burden assays were always higher than correlations 

between FTM hemolymph and FTM body burden assays. The 
body burden assay measures the number of parasites in the whole 
oyster and is considered the most sensitive and accurate diagnostic 
assay for P. marinus (Bushek et al. 1994, Fisher & Oliver 1996, 

Oliver et al. 1998). 
A quantitative competitive polymerase chain reaction 

(QCPCR) assay for P. marinus was recently shown to be more 
sensitive than the FTM hemolymph assay, detecting infections in 
24 oysters compared with 22 infections with the FTM hemolymph 
assay (Yarnall et al. 2000). Diagnosis of P. marinus in oyster 
hemolymph by QCPCR detected as many infections as with the 
FTM body burden assay, suggesting that hemolymph is suitable 
for determining P. marinus infection in oysters. Whereas QCPCR 
is an effective assay and specific for P. marinus, il is also expen­
sive and requires technical expertise and equipment in molecular 
biology to perform as indicated by Yarnall et al. (2000). The FTM 
hemolymph assay in contrast is easy and inexpensive to perform. 
There is thus a need to improve the sensitivity and accuracy of the 
FTM hemolymph assay. 

Potential problems with FThl assays have been previously 
noted and include insufficient parasite enlargement, parasite 
clumping, and parasite adherence to the walls of centrifuge tubes, 
each of which can lower parasite counts (Bushek et al. 1994, 
Fisher & Oliver 1996). Poor parasite enlargement may be caused 
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