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ABSTRACT 
 

This document describes the procedures followed for histopathological analysis of oysters, mytilid mussels, 
and dreissenid mussels collected for NOAA's National Status and Trends Mussel Watch Program. 
Analyses are conducted on paraffin-embedded tissues sectioned at a 5-µm thickness and stained using a 
pentachrome staining procedure. Infection intensity of parasites, the occurrence and extent of tissue 
pathologies, and the intensity of diseases are recorded using quantitative or semi-quantitative measures. 

 
 
1. INTRODUCTION 
 
The use of bivalves in the National Status and Trends (NS&T) Program is predicated upon their reliability as 
environmental integrators of contamination. The influence of population health on body burden and, in turn, the 
influence of contaminant exposure on population health are, as yet, poorly understood. Clearly, certain diseases 
(normally caused by viruses or single-celled prokaryotes and eukaryotes) and non-disease causing parasites (mostly 
ciliates and multi-cellular parasites) produce tissue level changes that might be expected to affect contaminant body 
burden. Gonadal quantity, for example, can be dramatically altered by disease (Hofmann et al., 1995; Barber, 1996; 
Ford and Figueras, 1988) and by parasites (Hopkins, 1957; Yoo and Kajihara, 1985). Certain contaminants are 
preferentially concentrated in gonadal tissue (Ellis et al., 1993; Lee, 1993; Abbe et al., 1994). Others are 
concentrated in non-gonadal tissue (Mo and Neilson, 1993; Cunningham and Tripp, 1975). Evidence, mostly by 
correlation, continues to mount for a relationship between certain tissue pathologies and contaminant exposure 
(Bowmer et al., 1991; Weis et al., 1995; Johnson et al., 1992; MacKenzie et al., 1995; Heinonen et al., 1999) and the 
influence of contaminant exposure on the bivalve immune system has been described (Anderson et al., 1992; Cheng, 
1988; Winstead and Couch, 1988; Ashton-Alcox et al., 2000). Besides contaminants, other environmental factors 
may facilitate disease or trigger the development of pathologies (e.g., Lee et al., 1996; Landsberg, 1996; Zander, 
1998) with significant consequences to tissue composition and, in all likelihood, subsequent contaminant retention. 
Thus, contaminant exposure and health, as they feed back upon each other, may have dramatic effects on 
monitoring programs that use sentinel organisms to define spatial and temporal trends in contaminant loading and 
contaminant gradients. 
 
Evaluation of the health of bivalves collected as a part of the Mussel Watch Program necessitates determining the 
prevalence and intensity of diseases, parasites and pathologies by histological examination. Certain pathological 
conditions recognized by shell condition (Warburton, 1958; Lawler and Aldrich, 1987), ligament degradation (Dungan 
et al., 1989), or periostracal abnormalities (Davis and Barber, 1994) will not be identified using this approach and 
some ectoparasites are lost during collection (e.g., odostomians, White et al., 1985, 1989). However most common 
diseases, parasites, and pathologies can be evaluated by this method. Specific assays are available now for some 
organisms (e.g., Ko et al., 1999; Stokes and Burreson, 2001), but a histological examination remains the best general 
approach for simultaneously evaluating a wide range of parasites, disease and pathologies (Ford, 2002).  
 
Classically, histological examination involves evaluating samples for parasite prevalence and the occurrence of 
pathologies. Measures of prevalence or occurrence, however, do not give a true indication of the health of an 
organism. Wilson-Ormond et al. (2000) compared the usefulness of prevalence to semi-quantitative and quantitative 
measures of intensity in the Gulf of Mexico Offshore Operations Monitoring Experiment and found that most 
significant trends were observed from intensity data rather than prevalence. One reason for this is that prevalence 
depends on transmission, and transmission rate may be controlled by biological factors such as population density, 
encounter rates, and inherent differences in susceptibility, as well as factors acting as stressors directly on the 
individuals in the population (Kermack and McKendrick, 1991; Ackerman et al., 1984; Hofmann et al., 1995; Powell et 
al., 1996). Thus, measures of intensity or extent of tissue alteration may more reliably correspond to measures of 



exposure. Accordingly, beginning in 1995, a histopathological analysis designed to evaluate population health was 
included in the Mussel Watch Program. The approach taken was to evaluate the intensity of diseases and parasites, 
and the extent of tissue pathologies, rather than simply prevalence, to better assess the health of sampled 
populations. This description updates protocols described earlier by Ellis et al. (1998).  
 
A measure of overall health has not been applied, although a number of these have been suggested, based on tissue 
appearance (Quick and Mackin, 1971), histological grading (Bowmer et al., 1991), or summation of total parasite load 
(Wilson-Ormond et al., 2000). Although Laird (1961) argues on theoretical grounds for an underlying relationship 
between total parasite body burden and environmental quality, generally, these overall measures of health have not 
proven efficacious because the various parasites, diseases and pathologies originate in different ways and certain 
parasites, even if abundant, may not have a large impact on organism health. 
 
 
2. EQUIPMENT, REAGENTS AND SOLUTIONS 
 
Preparation of samples for histopathological analysis follows the protocols established for gonadal analysis (see Kim 
et al., this volume).  
 
 
3. ANALYSIS 
 
Prepared slides are examined individually under the microscope using a 10X ocular and a 10X objective. If any tissue 
needs to be examined more closely, a 25X or 40X objective may be used for closer examination of suspected 
pathologies or parasites. Major tissue types examined include gill, mantle, gonad and gonoducts, digestive gland 
tubules, stomach/digestive gland ducts, and connective tissue. Thus, a proper tissue cross-section is essential (Kim 
et al., this volume). As the histopathological analysis is done in concert with gonadal analysis (Kim et al., this 
volume), mytilid mussels are usually examined beginning with the gonads and mantle tissue to determine sex and 
stage of gonadal development. The gills and the visceral mass are then examined. The gonads of oysters and 
dreissenid mussels are located within/around the visceral mass, so gonads are examined first, followed by scanning 
of the visceral mass and gills.  
 
Parasites, diseases, or tissue pathologies are scored for intensity using either a quantitative or semi-quantitative 
scale, as described subsequently (Table 1). Conditions scored quantitatively are evaluated by keeping a running 
count of incidences of the condition as the slide is scanned to avoid re-examining each slide multiple times for each 
category. Conditions scored semi-quantitatively may require re-scanning portions of the tissue for each category to 
fully evaluate the scale of infection.  
 
Listed subsequently are the common parasites and pathologies encountered during histopathological analysis 
including, in each case, the method of analysis, a short description, and a reference to published figures of the 
condition. The list is not intended to be inclusive of all known parasites and pathologies for Mussel Watch species or 
all conditions encountered in specimens obtained during the Mussel Watch Program. Frequently, in routine 
examination, we do not attempt to differentiate at a low taxonomic level between related parasites because infection 
intensities are low for the majority of parasite species and so, the information gained from taxonomic analysis does 
not warrant the time spent in identification. Rather, we have lumped the various species into higher categories (e.g., 
all cestodes, all ciliates). When further differentiation is needed, we first differentiate by tissue of occurrence because 
most species have distinct tissue preferences. In nearly all cases, this level of differentiation has been adequate for 
estimates of prevalence and infection intensity.  
 
3.1. Quantitative categories 
 
Most parasites are counted quantitatively (Table 1). These include prokaryotic inclusion bodies, gregarines, ciliates of 
various types, Pseudoklossia (a coccidian), cestodes, trematode metacercariae, worms ectoparasitic or commensal 
on the gills, nematodes, copepods, pinnotherid crabs, and worms in the gonoducts. We also evaluate a number of 
tissue conditions quantitatively, including the number of ceroid bodies, incidences of tissue inflammation, and 
suspected neoplasms and tumors.  
 
 
Table 1. List of quantitative and semi-quantitative categories for each bivalve taxon. In a number of cases, e.g., 
gregarines and ciliates, subcategories by tissue type and organism morphology are individually tallied, as described 
in the text.  
 
 



             Oyster    Mytilid Mussel         Dreissenid Mussel 
 
Quantitative Category 
Prokaryote inclusions    X   X 
Gregarines     X   X 
Ciliates      X   X 
Xenomas     X   X 
Pseudoklossia        X 
Cestodes     X 
Trematode metacercariae   X   X 
Turbellarians and nemerteans   X   X 
Nematodes     X   X   X 
Copepods     X   X 
Pinnotherid crabs    X   X 
Echinostomes     X 
Unidentified organisms    X   X   X 
Ceroid bodies     X   X   X 
Neoplasms        X 
Tissue inflammation    X   X   X 
Tissue Necrosis     X   X   X 
 
Semi-quantitative Category 
Haplosporidium nelsoni (MSX)   X 
Trematode sporocysts    X   X 
Digestive tubule atrophy    X   X   X 
Gonadal abnormalities (Kim et al., this volume) X   X 
Unusual digestive tubules   X   X   X 
 
 
Prokaryotic inclusions (Figures 1-2) [Additional photographs: Otto et al. (1979), p. 295, Figs. 2-7; Gulka and Chang 
(1984), p. 320, Fig. 1; Couch (1985), p. 63, Fig. 2; Gauthier et al. (1990), p. 112, Fig. 7; Murchelano and MacLean 
(1990), p. 9, Figs. 1-5, 1-6; Figueras et al. (1991b), p. 20, Fig. 2; Harshbarger et al. (1977), p. 667, Fig. 1; Robledo et 
al. (1994), p. 291 Fig. 3, p. 292 Fig. 4; Villalba et al. (1997), p. 130, Figs. 2-3; Powell et al. (1999), p. 2059 Fig. 2, p. 
2060 Fig. 4], variously referred to as rickettsial bodies, chlamydial bodies or mycoplasms, are normally observed in 
the duct and tubule walls of the digestive gland. In Mussel Watch sites, prokaryote inclusions have been recorded in 
both mytilid mussels and oysters from the East, West, and Gulf coasts, but have not been observed in dreissenids 
from the Great Lakes area. Prokaryotic inclusions similar to those described by Harshbarger et al. (1977) have been 
observed within the epithelial cells of the digestive system and also occasionally occur in the lumen of the digestive 
tract in mytilids from West coast Mussel Watch sites and in oysters from East and Gulf coast Mussel Watch sites. In 
some cases, cysts containing prokaryotic inclusions are associated with the gill and the renal tissues in mytilids. 
Inclusions found in the digestive tract are usually roundish, whereas those in the gill and kidney are rather 
amorphous in shape. No apparent pathological effects or host responses to prokaryote infection have been detected, 
as is typical for most bivalves (Otto et al., 1979; Figueras et al., 1991a; Villalba et al., 1997). Each individual inclusion 
is counted.  
 
 



 
 
Figure 1. Prokaryotic inclusions present in digestive tract epithelium of an oyster, Crassostrea virginica. Arrows 
indicate examples. x 100.  
 
 
Gregarines in the genus Nematopsis (Figures 3-5) [Additional photographs: Cheng (1967), p. 148, Fig. 29; Ford 
(1988), p. 218, Fig. 6G; Friedman et al. (1989), p. 136, Fig. 3; Gauthier et al. (1990), p. 110, Figs. 2, 3] are sporozoan 
parasites frequently found in oysters, and occasionally in mytilid mussels. Different Nematopsis species often show a 
tissue preference for either mantle or gill (Sprague and Orr, 1952). Kim et al. (1998) noted that gregarines were 
common in oysters from the southeastern and Gulf of Mexico coasts in Mussel Watch samples, and also observed 
gregarines in mytilid mussels from the West coast. Mud and stone crabs are known to be final hosts (Prytherch, 
1940). Although gregarine infections are known to have low pathogenicity, mechanical interference by heavy 
infections has been suggested to have some harmful effects on the host (e.g., oyster) physiology (Sindermann, 
1990). In Mussel Watch samples, gregarine spores typically occur in the connective tissue around the visceral mass 
of the body, in the gills, and in the mantle connective tissues of oysters and West coast mytilids. No host tissue 
reaction or discernible pathological effects have been observed, in agreement with Cheng (1967). Although, species 
identifications are not made, gregarines are routinely scored according to tissue occurrence; body, gill, or mantle, 
following Landau and Galtsoff (1951). Quantification is obtained by counting each individual in each tissue within one 
representative tissue section.  
 



 
 
Figure 2. Cyst-like encapsulations of prokaryotic microorganism in gills of a mytilid mussel, Mytilus edulis. x 100. 
 

 
 
Figure 3.  Nematopsis spores in connective tissue between digestive tubules of an oyster, C. virginica. Arrows 
indicate examples. x 100. 



 
 
Figure 4. Numerous Nematopsis spores in the gills of an oyster, C. virginica. Arrows indicate examples. x 100. 
 

 
 
Figure 5. Gregarine-like spores near the tip of the mantle of a mytilid mussel, M. californianus. Arrows indicate 
examples. x 100. 
 
A variety of ciliate types (Figures 6-7) [Additional photographs: Cheng (1967), p. 184, Fig. 88, p. 193, Fig. 102; 
Murchelano and MacLean (1990), p. 11 Fig. 1-11, p. 15 Figs. 1-19, 1-20; Figueras et al. (1991a), p. 91, Fig. 2; 
Gauthier et al. (1990), p. 110, Figs. 4-6; Villalba et al. (1997), p. 132, Figs. 10-11; Laruelle et al. (1999), p. 254-256, 
Figs. 1-3; Moret et al. (1999), p. 36, Fig. 1] have been observed in bivalves from Mussel Watch sites (Kim et al., 
1998), normally at low prevalence and more frequently in mytilid mussels than in oysters. Ciliate infections are 
observed in mytilids from the East and West coasts and in oysters from the East and Gulf coasts. Gill ciliates are one 
of the most commonly observed parasites. Ciliates occur in between gill filaments or are attached to gill surfaces of 
mytilids and oysters. Ciliates are also found in the gut lumen or attached to the digestive tract epithelia. Otto et al. 



(1979), Figueras et al. (1991a) and Villalba et al. (1997) reported no notable pathology in bivalves parasitized by 
ciliates and ciliate infections do not appear to elicit any obvious pathological conditions or host responses in Mussel 
Watch samples. Ciliates are quantitated by tissue type (e.g., gut, digestive gland, gill). Xenomas (Figure 8), cells 
distended with maturing ciliates, are tabulated separately. If a large xenoma has burst, the individual small ciliates are 
counted.  
 
 

 
 
Figure 6. Ciliates between the gill filaments of a mytilid mussel, M. edulis. Arrows indicate examples. x 100. 
 
 
Coccidians of the genus Pseudoklossia (Apicomplexa) [Photographs: Morado et al. (1984), p. 212 Figs. 7-10, p. 213 
Figs. 11-16; Friedman et al. (1995), p. 35, Figs. 3-11; Villalba et al. (1997), p. 130, Figs. 5-6] are another protozoan 
parasite and are occasionally observed in the kidney of mytilid mussels at Mussel Watch sites. Each parasite is 
counted.  
 
A variety of encysted larval cestodes (Figures 9-10) [Additional photographs: Cheng (1966a), p. 248 Fig. 6, p. 252 
Figs. 1-6, p. 254 Figs. 1-2; Murchelano and MacLean (1990), p. 17, Fig. 1-21; Sindermann (1970), p. 128, Fig. 42] 
(for examples, see Cake, 1977; Cake and Menzel, 1980) have been observed. Encysted cestodes have been 
observed in either connective tissue around the digestive gland and gut or in the gills of oysters in Mussel Watch 
samples. None have been observed in mytilid mussels or dreissenids. From histological examination of their tissue 
location in oysters, cestodes presumably penetrate the gill or digestive epithelium of the host bivalve.  Cestode 
infection does not seem to significantly damage the oyster. Cellular reaction to cestode cysts, characterized by 
encapsulation of larval cestodes by layers of connective tissue fibers (Cheng, 1966a; Sindermann, 1970), is routinely 
observed.  Encapsulated larval cestodes normally appear to be disintegrating and to be in the process of resorption. 
Cestodes are quantified by tissue location (e.g., body, gill, mantle). Each occurrence observed is counted separately. 
 



 
 
Figure 7. Ciliates in the lumen and attached to the epithelium of the intestine of an oyster, C. virginica. Arrows 
indicate examples. x 100. 
 

 
 
Figure 8. Ciliated xenomas on the gill surface of an oyster, C. virginica. Arrows indicate examples. x 100. 
 
 
Metacercariae of trematodes (nearly all Proctoeces sp.) [Photographs: Little et al. (1969), p. 455, Fig. 1; Wolf et al. 
(1987), p. 380, Fig. 1; Tripp and Turner (1978), p. 77 Fig. 4, p. 79 Figs. 5-8, p. 81 Figs. 9-12; Winstead and Couch 
(1981), p. 297 Fig. 1, p. 299 Figs. 2-3] have been observed, normally at low prevalence, and occur in the mantle, foot, 
gonad/gonoduct and pericardial cavity of mytilid mussels and in the gonoduct of oysters at Mussel Watch sites. 
Proctoeces and occasional nematodes also found in the gonoduct should be distinguished from the echinostome 
metacercariae [Photograph: Ellis et al. (1998), p. 201, Fig. 1] observed in the gonoducts of oysters from the Gulf of 
Mexico (Winstead et al., 1998). Each trematode occurrence is counted separately. 



 
 

 
 
Figure 9. Encapsulated larval cestodes in the vesicular connective tissue surrounding the stomach of an oyster, C. 
virginica. x 63. 
 
 

 
 
Figure 10. A larval cestode in the gill connective tissue of an oyster, C. virginica. x 100. 
 
 
Gill nemerteans and turbellarians (Brun et al., 1999) [Photographs: Villalba et al. (1997), p. 132, Figs. 12-13; 
Cáceres-Martínez et al. (1998), p. 218, Figs. 3-4] are occasionally seen between gill filaments. Whether these are 
commensal or ectoparasitic is unknown. Each cross-section observed is counted although one individual may be 
responsible for a number of tissue cross-sections. However, this method of quantification has proven effective even 
at high infection intensities (Wilson-Ormond et al., 2000). 



 
Nematodes (Figures 11-12) [Additional photographs: Cheng (1967), p. 264, Fig. 172; Lowe and Moore (1979), p. 
140, Fig. 8; Gauthier et al. (1990), p. 112, Fig. 9; Murchelano and MacLean (1990), p. 19, Fig. 1-25; Sparks (1985), 
p. 375-376, Figs. 10-16] are occasionally observed parasitizing mytilid mussels from the East and West coasts, 
oysters from the East and Gulf coasts, and also dreissenids in Mussel Watch samples (Kim et al., 1998). Nematodes 
reported in molluscs are usually larval stages (Cheng 1978; Lichtenfels et al., 1980). Adults are found in predators of 
molluscs (Cheng, 1978), such as elasmobranchs (Millemann, 1963) and sea turtles (Berry and Cannon, 1981). 
Cheng (1966b) suggested that larval nematodes invade oysters via the digestive tract and migrate through tissues by 
way of blood vessels. In Mussel Watch samples, larval nematodes in oysters have been found localized in vesicular 
connective tissues around the region of the digestive gland, as described by Burton (1963) and Couch (1985), 
destroying adjacent host tissues.  In some cases, a host cellular response, infiltration of hemocytes, is observed in 
association with the worm, as was reported by Couch (1985). Nematodes are observed in all tissues of mytilids: 
mantle, visceral connective tissue, foot, byssal gland and gill. In most cases, no conspicuous host response is 
observed. Hemocytes, however, occasionally infiltrate and surround the worms, especially those that are dead or 
dying, in mytilids as observed by Lowe and Moore (1979). Each individual cross-section is counted separately, 
although, like the nemerteans, a single individual may be responsible for a number of cross-sections. 
 
Parasitic copepods [Photographs: Lowe and Moore (1979), p. 140, Fig. 7; Murchelano and MacLean (1990), p. 19, 
Fig. 1-26; Figueras et al. (1991b), p. 27, Fig. 6; Robledo et al. (1994), p. 295 Fig. 8; Villalba et al. (1997), p. 132, Fig. 
15] are occasionally found in the gut lumen (Gee and Davey, 1986). Each occurrence is counted.  
 
 

 
 
Figure 11. Sections of unidentified nematode larvae in the digestive gland connective tissue of an oyster, C. virginica. 
Arrows indicate examples. x 100. 
 



 
 
Figure 12. Cross-sections of nematodes in the visceral connective tissue of a mytilid mussel, M. edulis. x 63. 
 
 
Pinnotherid crabs [Photograph: Stauber (1945), p. 277, Fig. 23; Sandoz and Hopkins (1947), p. 257, Plate III] are 
occasionally found in the mantle cavity of oysters and mytilid mussels at Mussel Watch sites. Gill damage in infected 
hosts (Stauber, 1945; Christensen and McDermott, 1958; Haven, 1959) is frequently observed. Pinnotherid crabs 
also deprive the host of food (Stauber, 1945; Bierbaum and Shumway, 1988). Each occurrence is counted.  
 
Ceroid bodies or brown cells [Photograph: Cheng and Burton (1965), p. 6, Fig. 5; Farley (1968), p. 590 Fig. 16, p. 
592 Fig. 23; Murchelano and MacLean (1990), p. 11, Figs. 1-9, 1-12] are distinct brown-yellow aggregates that may 
occur in large clumps, and appear to be involved in metabolite accumulation and detoxification (Zaroogian and 
Yevich, 1993). Typically, they occur in greatest abundance in oysters, and in lesser numbers in mytilid mussels and 
dreissenid mussels. Quantification is obtained by counting each ceroid body. Occasionally, a ceroid body appears 
fractured or split; in this case only one fragment is counted.  
 
Tumors and neoplasms (Figure 13) [Additional photographs: Murchelano and MacLean (1990), p. 19, Figs. 1-27, 
1-28; Peters (1988), p. 81, Figs. C, E, F; Sparks (1985), p. 107 Fig. 27, p. 113 Fig. 42; Couch (1985), p. 69 Fig. 10, p. 
70 Fig. 11; Figueras et al. (1991b), p. 30, Fig. 10; Villalba et al. (1997), p. 132, Fig. 16] are occasionally observed. 
Disseminated sarcomas, probably of hematopoietic origin, are particularly common in mytilid mussels in the Puget 
Sound region (e.g., Elston et al., 1990). The occurrence of neoplasms and tumors in oysters is extremely rare. 
Examples are described by Farley (1969, 1976), Harshbarger et al. (1979) and Ford and Tripp (1996). Neoplasms 
are occasionally observed in mytilids in Mussel Watch samples. Neoplastic cells with characteristic high nucleus-to-
cytoplasm ratios (Ford et al., 1997) fill the vesicular connective tissues of the affected mytilids. All observed 
disseminated sarcomas have been seen in mytilids. For each specimen examined, neoplasms are recorded as either 
present or absent.  
 
 



 
 
Figure 13. Neoplastic cells infiltrating the visceral connective tissue of a mytilid mussel, M. edulis. x 100. 
 
 
Cases of tissue inflammation (Figures 14-15) [Additional photographs: Farley (1968), p. 590, Fig. 17; Couch (1985), 
p. 65, Fig. 5; Figueras et al. (1991b), p. 28 Fig. 7, p. 29 Fig. 8; Murchelano and MacLean (1990), p. 11, Figs. 1-9, 
1-10; Lowe and Moore (1979), p. 138, Figs. 1-4; Villalba et al. (1997), p. 132, Fig. 17; Sindermann (1970), p. 110, 
Fig. 34] characterized by intense infiltration of hemocytes may be focal or diffuse. The type of affected tissue and 
type of irritation responsible influences the nature of the cellular response (Ford and Tripp, 1996). Diffuse 
inflammation is differentiated from focal inflammation when the affected area does not appear to have a clear center 
or focal point of highest hemocyte concentration and hemocytes are abundant and distributed broadly over a large 
section of tissue. In Mussel Watch samples, most tissue inflammation, characterized by hemocytic infiltration, and 
most tissue necrosis, characterized by death or decay of cells and tissues, is observed in the visceral connective 
tissue and is sometimes associated with the presence of parasites. Granulocytomas (Figure 15), an inflammatory 
cellular condition characterized by clusters of hemocytes or the disintegration and sloughing of tissue, occur mainly in 
the digestive gland of mytilids, as was reported by Villalba et al. (1997). These tissue pathologies, focal inflammation, 
diffuse inflammation and tissue necrosis, are tallied separately. Each affected area is counted. 
 
 
3.2. Semi-quantitative categories 
 
Some conditions are assigned to a semi-quantitative scale related to the intensity or the extent of the affected area 
(Table 1). With one exception, so-called digestive gland atrophy, these are pathologies affecting large tissue areas, 
diseases characterized by systemic effects, or parasites for which individual counts are not feasible. Semi-
quantitative categories include Haplosporidium nelsoni (MSX), trematode sporocysts, unusual digestive tubules, 
gonadal abnormalities (discussed in Kim et al., this volume), and digestive gland atrophy. Perkinsus marinus, an 
oyster parasite that is also assayed semi-quantitatively, is assayed by the more precise thioglycollate method, rather 
than by histology (Ashton-Alcox et al., this volume).  
 
 



 
 
Figure 14. Hemocytic infiltration near the gill base of an oyster, C. virginica. Arrows indicate examples. x 100. 
 

 
 
Figure 15. Granulocytomas in the digestive gland of a mytilid mussel, M. edulis. Arrows indicate examples. x 40. 
 
 
Haplosporidium nelsoni (Figure 16) [Additional photographs: Farley (1968), p. 590 Fig. 13, p. 592 Fig. 21; Ford 
(1988), p. 214, Fig. 4; Ford and Tripp (1996), p. 617, Fig. 20], the haplosporidan protozoan responsible for MSX 
(multinucleated sphere X) disease in eastern oysters, was first reported in Delaware Bay oysters in the late 1950s 
(Haskin et al., 1965). H. nelsoni was likely introduced from Japan (Burreson et al., 2000). It now ranges from Maine to 
Florida along the entire East coast (Kern, 1988; Ford and Tripp, 1996). Kim et al. (1998) observed H. nelsoni in 
oysters from Delaware Bay to Georgia at Mussel Watch sites. Multinucleated plasmodia are observed in epithelial 
cells and the connective tissues of the gills and digestive tract. H. nelsoni infections start in the gill epithelium and are 
limited to this area at light infection levels. As the disease worsens, it becomes systemic and is eventually found 



throughout the visceral mass. MSX disease, especially heavy infections, is associated with host hemocyte infiltration 
into the site of infection and tissue necrosis as observed by Farley (1968) and Ford (1985).  
 
Because of the small size of H. nelsoni, oyster tissues may need to be examined at a higher power than 10X. MSX 
infection normally starts in the gill epithelium so the gill tissue must be carefully examined to score early infections 
accurately. In cases where the disease has become systemic, examination of the visceral mass is necessary to score 
infection intensity. Grading MSX infection is a two-step process. First, the intensity of the infection is graded 
according to a semi-quantitative scale (Table 2) that records the location, parasite numbers, epithelial or systemic, 
and extent of infection in the gill tissue or the body tissue separately. In the second step, the two separate ratings are 
composited into a 0-4 scale (Table 3). To get the composite rating, the semi-quantitative rankings for the gill and the 
body are applied to the matrix in Table 3, and the number at the intersection of the body and gill rankings is recorded. 
More details are provided in Ford (1985, 1986), and Ford and Figueras (1988).  
 
 
Table 2. Semi-quantitative scale for Haplosporidium nelsoni infection modified from Ford (1985, 1986), and Ford and 
Figueras (1988).  
 

 
0 

 
Uninfected, no parasites found in the tissue cross-
section 

 
1 

 
Parasites confined to gill or digestive tract epithelial 
tissue, = 10 plasmodia per 100X field of either gill or 
body tissue 

 
2 

 
Parasites restricted to gill or digestive tract epithelial 
tissue, Very light infection, 11 = plasmodia = 100 per 
100X field of either gill or body tissue 

 
3 

 
Parasites spreading into gill or digestive tract 
subepithelium, parasites restricted to epithelium and 
subepithelium area, > 100 plasmodia per 100X field of 
either gill or body tissue but < 1 per 1000X oil immersion 
field 

 
4 

 
Parasites more evenly distributed in gill or digestive tract 
subepithelium and scattered through systemic tissue, > 
100 per 100X field of either gill or body tissue but 1 to = 
10 per 1000X oil immersion field 

 
5 

 
Moderate systemic infection, averaging 11 to = 20 
parasites per 1000X oil immersion field 

 
6 

 
Heavy systemic infection, averaging > 20 parasites per 
1000X oil immersion field  
 

 
 
Table 3. Composite rating matrix for Haplosporidium nelsoni infection.  

 
Composite rating scheme 

 
         
  Body 

 
  0 1 2 3 4 5 6 

 
         
 
 

0 0 1 1 2    

 
 

1 1 1 1 2    



 
 

2 1 1 1 2 2   

Gill 3 2 2 2 3 3   
         

 
 

4 2 2 3 3 3 4  

 
 

5 2 3 3 3 4 4 4 

 6    3 4 4 4 
         

 
 
 

 
 
Figure 16. Numerous multinucleated plasmodia of H. nelsoni in the gills of an oyster, C. virginica. Arrows point to 
example parasites. x 100. 
 
 
Trematode sporocysts of the families Fellodistomidae and Bucephalidae (Figures 17-18) [Additional photographs: 
Ellis et al. (1998), p. 207-208, Figs. 7-9; Cheng and Burton (1965), p. 6 Figs. 1-4, p. 8 Figs. 10-12, p. 10 Figs. 14-17; 
Tripp and Turner (1978), p. 77, Figs. 1-3; Gauthier et al. (1990), p. 112, Fig. 8; Murchelano and MacLean (1990), p. 
17, Fig. 1-23; Sindermann (1970), p. 125, Fig. 41; Figueras et al. (1991a), p. 92, Fig. 3; Davids and Kraak (1993), p. 
751, Fig. 1; Robledo et al. (1994), p. 294, Fig. 7; Villalba et al. (1997), p. 132, Fig. 14; Powell et al. (1999), p. 2061 
Fig. 5] occur principally in the gonadal tissue of oysters (Hopkins, 1957) and mytilid mussels. Kim et al. (1998) 
reported trematode sporocyst infections in East and West coast mytilid mussels and in Gulf oysters from Mussel 
Watch sites. Carnivorous fish are the final host of bucephalid trematodes (Hopkins, 1954). Fellodistomid trematodes 
of the genus Proctoeces can complete their entire life cycle in a single invertebrate host (e.g., mytilid mussels). Thus, 
they have a unique life cycle involving molluscs as regular final hosts and bottom fishes as alternative final or as 
post-cycle hosts (Stunkard and Uzmann, 1959). In Mussel Watch samples, trematodes that have invasive and 
ramifying sporocysts occur principally in the visceral connective tissues of the digestive gland and the gonadal tissue, 
destroying gametic tissue and often causing host sterilization. Sindermann (1990) noted that sterilization and tissue 
destruction are the principal result of the sporocyst invasion. Sterilization is normally observed in infected individuals 
in Mussel Watch samples (Hillman et al., 1988). In extensive and advanced stages of infection, sporocysts infiltrate 
the gill, mantle and other tissues (see also Cheng and Burton, 1965). Little or no apparent aggregation of host 
hemocytes around healthy sporocysts and no other evident host reactions have been observed in Mussel Watch 
samples, which concurs with Cheng and Burton (1965). However, infiltration of hemocytes is occasionally observed 
around dead or degenerating parasites in Mussel Watch samples, as was reported by Teia dos Santos and Coimbra 
(1995). The large branching sporocysts are difficult to quantify. Hence, infection intensity is scored on a semi-



quantitative scale (Table 4). Pictorial examples of the rating scale include Figure 17 (scored 1) and Figure 18 (scored 
2).  
 
 
Table 4. Semi-quantitative scale for trematode sporocyst infection.  
 
 
Score   Description 
 
0   Uninfected 
 
1   Present in the gonads only (some gametic tissue still present)  
 
2 Completely filling the gonads (no gametic tissue present); may be present in digestive 

gland or gills in very limited amount 
 
3 Completely filling the gonads; extensive invasion of the digestive gland and/or the gills  
 
4   Completely filling the gonad; substantially filling the digestive gland or gill;  

individuals appear to be a sac of sporocysts 
 

 
 
 
 
 
 
 
 

 
 

Figure 17. This trematode sporocyst infection in Mytilus edulis scored a 1 according to Table 4. Some gametic tissue 
is still present.  
 



 
 
Figure 18. This trematode sporocyst infection in Mytilus edulis scored a 2 according to Table 4. No gametic tissue is 
present.  
 
Digestive gland atrophy (Figures 19-21 reproduced from Figures 4-6 in Ellis et al., 1998) [Additional photographs: 
Ellis et al. (1998), p. 205-206, Figs. 4-6; Couch (1985), p. 66, Fig. 6; Gauthier et al. (1990), p. 112, Fig. 10; Winstead 
(1995), p. 107, Figs. 3-4], a condition characterized by the thinning of the digestive tubule walls, has been described 
in a number of bivalve species (Bielefeld, 1991; Marigómez et al., 1990; Axiak et al., 1988). Causes of the condition 
have been ascribed to a variety of stressors including exposure to contaminants and variations in food supply. 
Winstead (1995) found that poor nutrition was a key element in producing the condition in oysters and that the 
digestive gland recovered to its normal state relatively rapidly once food supply improved. It is, therefore, not 
necessarily a pathology. The digestive gland is scanned for tubules showing evidence of epithelial thinning. The 
average degree of thinning is assigned a numerical rating (Table 5). The semi-quantitative assessment permits the 
reading of many samples in a short time. For increased accuracy, the ratio of tubule diameter to wall diameter (e.g., 
Winstead, 1995) or a direct measure of wall thickness (Marigómez et al., 1990) can be used.  
 
Table 5. Semi-quantitative scale for digestive gland atrophy.  
 
 
Score Description 
 
0  Normal wall thickness in most tubules (0% atrophy), lumen nearly occluded, few tubules even slightly 

atrophied  
 
1  Average wall thickness less than normal, but greater than one-half normal thickness, most tubules showing 

some atrophy, some tubules still normal 
 
2 Wall thickness averaging about one-half as thick as normal  
 
3 Wall thickness less than one-half of normal, most tubules walls significantly atrophied, some walls extremely 

thin (fully atrophied) 
 
4 Wall extremely thin (100% atrophied), nearly all tubules affected  
 
 



 
 
Figure 19. Crassostrea virginica normal digestive tubule, scored a 0 according to Table 5.  
 

 
 
Figure 20. Digestive gland atrophy in Crassostrea virginica scored a 2 according to Table 5.  
 



 
 
Figure 21. Digestive gland atrophy in Crassostrea virginica scored a 4 according to Table 5.  
 
 
In Mussel Watch samples, degenerated and/or necrotic digestive glands (Figure 22) [Additional photograph: Couch 
(1985), p. 67, Fig. 7] were frequently observed, particularly in mytilids. This condition is characterized by digestive 
tubules in unusually poor condition with loss of their normal integrity and structure, and sometimes with vacuolated 
epithelium. Individual digestive tubules are sometimes not discernible from each other. For each specimen examined, 
unusual digestive tubules are recorded as either present or absent.  
 
3.3. Summary statistics  
 
Three descriptions of parasite distribution are used: prevalence, infection intensity and weighted prevalence (Ford, 
1988). Prevalence describes the proportion of individuals in the population that are infected by a specific parasite or 
pathology and is calculated as:  
 
    number of hosts with parasite or pathology 
prevalence = __________________________________________________________________________ 

number of hosts analyzed 
 
Infection intensity is calculated as the average number of occurrences of the parasite or pathology in infected hosts. 
This is a measure of the intensity of infection in infected individuals.  
 
     total number of occurrences of parasite or pathology 
infection intensity = ______________________________________________________________________________________ 

number of hosts with parasite or pathology 
 
 



 
 
Figure 22. Unusual digestive tubules of a mytilid mussel, M. edulis. Note the absence of normal tubule structure as 
shown in Figures 20 and 21. x 100. 
 
 
Weighted prevalence or mean abundance (Bush et al., 1997; Rózsa et al., 2000) is the multiple of prevalence and 
infection intensity, and is a measure of the relative severity of infection within the population. Weighted prevalence is 
calculated as:  
 
     total number of occurrences of parasite or pathology 
weighted prevalence = ______________________________________________________________________________________ 

number of hosts analyzed 
 
 
4. CONCLUSION 
 
The described techniques provide the quantitative and semi-quantitative methods used to determine the prevalence 
and infection intensity of parasites, pathologies, and diseases affecting oysters, mytilid mussels, and dreissenid 
mussels in the Mussel Watch Project. The described histopathological method is an approach that targets a wide 
range of parasites and pathologies. Specific conditions are often better assessed by other methods [e.g., Perkinsus 
marinus infection in oysters (Ashton-Alcox et al., this volume)]. The described method emphasizes the quantification 
of infection intensity. Prevalence rarely provides an adequate description of the population dynamics of disease and, 
in practice, often yields ambiguous results. Infection intensity as quantified by direct counts or the use of semi-
quantitative scales consistently provides a more robust data set for statistical analysis comparing the spatial and 
temporal distribution of parasites, pathologies, and diseases to contaminant body burden.  
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