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ENVIRONMENTAL FACTORS AND THE INFECTIOUS DISEASE CAUSED BY
THE PROTOZOAN PARASITE, PERKINSUS MARINUS, IN EASTERN OYSTERS
(CRASSOSTREA VIRGINICA)

Fu-LIN E.CHU

Virginia Institute of Marine Science, Scho

ol of Marine Science, College of William and Mary, Gloucester Point, VA 23062.

Abstract

Temperature and salinity arc two importan
sostrea virginica). Results of laboratory studies are
vancement are positively correlated with temperature,
dation may enhance the epizootic, although disease cause
salinity. Oysters’ cellular defence mechanisms appe
fence-related activities measured in oysters.

Introduction

Infectious diseases have devastated the natural and culti-
vated populations of several commercially important bi-
valve species. The most noticeable pathogens are protozo-
ans from the Apicomplexa and Acetospora phyla. The pro-
tistan, Perkinsus marinus (Dermo), which parasitises
American (eastern) oysters (Crassostred virginica), 1s an
apicomplexan in the class Perkinsasida (Levine 1988). It
was originally described by Mackin, Owen, and Collier as
Dermocystidium marinum (Mackin et al. 1950). Four life
stages, meront (trophozoite), prezoosporangia, zoosporan-
gia, and biflagellate zoospores have been identified and
described (Perkins 1966, Perkins 1988). Immature mc?ronts
(merozoites, 2-4 um and coccoid) are usually found in the
phagosomes of oyster haemocytes. Meronts (mature m;ro-
zoites,10-20 pm) have centric vacuoles and often contain a
refringent vacuoplast. The mature meront (schizont, 20 to
40 pm) contains 8 to 32 cells. Prezoosporangia (hypno-
spores)are sometimes observed in moribund and dcaq oys-
ter tissues, and can enlarge to 150pm. When t}ssuc-
associated merozoites/meronts are placed in fluid lhlogly—
collate medium (FTM) for 4 to 5 days, they develop into
prezoosporangia (hypnospores). Prezoosporangia are char-
acterised by having a large vacuole and an eccentric nu-
cleus adjacent to the cell wall. Zoosporulation (productpn
of biflagellate zoospores) usually occurs after ipcubatmg
thioglycollate-cultured prezoosporangia in estuarine water
(20 - 22 ppt ) for 4-5 days.

The distribution of P. marinus is widesprea
Coast of the United States and into the G
This parasite has caused severe oyster mortality
mid-Atlantic to the Gulf since the 1950s. Presently, P. -
rinus is the most prevalent parasite of the eastern oyster In
mid-Atlantic. In this presentation, recent studies on the
relationship of environmental factors and the discase
caused by this parasite are discussed.

d along the East
ulf of Mexico.
from the

Lffects of temperature and salinity on P. marinus infection
e been conducted

Extensive field and laboratory studies hav e _

to examine the discase processes and transmission dynamic
of P. marinus (see reviews by Andrews 1988, Andrews and
Ray 1988, Burreson and Ragone Calvo 1996, Chu 1996,

Soniat 1996). Transmission of infections occurs from oys-
ter to oyster. The three life stages, meront, preZoosporangia
1996). The

and biflagellate zoospore are infective (Chu ' :
merozoite/meront stage is believed 1o be the primary agent
for disease transmission (Perkins 1988, Chu 1996.),.F1€ld
observations have pointed to temperature a‘.]d salinity as
two important environmental factors regulating the infec-
tion and progression of P. marinus in oysters. In the

ar ineffective in defence

¢ factors limiting the distribution and abundance of Perkinsus marinus, a protozoan parasite of Eastern oysters (Cras-
consistent with Tield observations and clearly demonstrate that P. marinus susceptibility and disease ad-
salinity and in situ number of infective cells. Laboratory findings also suggest that environmental degra-
d by P. marinus in oysters is known to be predominantly exacerbated by clevated temperature and
against P. marinus. Also, pollutant exposure caused no significant effects on de-

Chesapeake Bay, Dermo disease prevalence and intensity
are maximal during the summer, and increase with rising
salinity (Burreson and Ragone Calvo 1996). Dermo-
associated mortality usually begins in early summer (June)
when water temperature rises to 20°C and peaks between
August and September, when the ambient temperature
reaches up to 25-28°C. Enhanced mortality also occurs
during drought periods.

The relationship, documented in field studies, between P,
marinus infection in oysters and temperature and salinity,
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Figure 1: Perkinsus marinus prevalence (% of infected
oysters) of oysters at 3, 10, and 20 ppt, 35 days after chal
lenge with 10° meronts/oyster (N=19-24). Oysters Wd.:
collected from Deep Water Shoal in the James River Ve:f
ginia (a tributary of the southern Chesapeake Bay al’f,‘ectc&

by P. marinus). C = Control, PC = P. marinus challenged
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Figure 2: Perkinsus marinus prevalence (% of infec

in oysters at 10, 15, 20, and 25°C, 46 dagfs zg'ielrnli%‘l[el(j OySte?s)
10° meronts/oyster (N=40). Oysters were collected f(‘x gs with
hannock River, Virginia (a tributary of the southern
Bay affected by P. marinus). C = Control, PC =
challenged.
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Figure 3. Prevalence (A, % of infected oysters) and intensity
(B) of Perkinsus marinus in oysters at different temperature
and salinity regimes after challenge with two different doses
of P. marinus infective cells. C = Control, DI= 2.5 x10°
meronts/oyster; D2 = 2.5 x10* meronts/oyster, N=7-15 per
group at all temperature-salinity treatments, except the
groups at 25C-3ppt treatment (N=3-4 per group). Weight
prevalence: sum of disease intensity rank/number of oysters
examined (Andrews 1988).

was reaffirmed through detailed and comprehensive labo-
ratory studies (Chu and La Peyre 1993a, Chu and La Peyre
1993b, Chu ef al. 1993, Ragone and Burreson 1993), The
effects of temperature and salinity on P. marinus infectivity
and pathogenicity in oysters have been examined in two
separate studies (Chu and La Peyre 1993a, Chu er al.
1993). P. marinus prevalence and infection intensity in
oysters was found to significantly and positively correlate
with experimental temperature and salinity. Five weeks
after inoculation into the shell cavity with 10° meronts iso-
fated from infected tissues, the P. marinus prevalence (% of
infected oysters) in oysters were 50, 79, and 82% at 3, 10,
and 20 ppt, respectively (Figure 1). Infection intensity also
rose with increasing salinity. Heavy infection was found in
both 10 and 20 ppt, but not in 3 ppt. Holding infected oys-
ters collected from the field at four different salinities (6, 9,
12 and 20 ppt) for eight weeks inhibited infection progres-
sion in oysters at salinity 12 ppt and below (Ragone and
Burreson 1993). In oysters initially inoculated with 106
freshly isolated meronts and held at 10, 15, 20 or 25°C for
46 days P. marinus prevalence was 23, 46, 91, and 100%
respectively (Figure 2). Infection intensity increased with
temperature, and moderate and heavily infected oysters
were found only at 20 and 25°C.

Unlike the other oyster protozoan parasite, Haplosporidium
nelsoni, P. marinus can tolerate low temperature and salin-
ity. Low salinity (3 and 6 ppt) inhibited intensification but
did not eliminate infection (Chu et al. 1993, Ragone and
Burreson 1993). Low winter temperatures (5°C or below)
for extended time periods (6-8 weeks) did not warrant a
lower summer infection prevalence and/or intensity in sub-
sequent year (Burreson and Ragone 1996). In in vitro, pre-
zoosporangia survived up to four days at 9°C (Chu and
Greene 1989).

The defence-related haemocyte activities and their expres-
sion in relation to P. marinus infection at a range of tem-
perature and salinity conditions have also been examined
(Chu and La Peyre 1993a, Chu ef al. 1993). Results suggest
that the oysters’ cellular mechanisms are ineffective in de-
fence against P. marinus. Although oysters at high tem-
perature had higher concentrations of circulating haemo-
cytes, percentage of granulocytes and phagocytic capabil-
ity, they did not have fewer or less intense P. marinus in-
fections. No significant salinity effect was noted on oyster
cellular activities. However, plasma lysozyme activity

negatively correlated with temperature, salinity, and P
marinus infection. '

Synergistic effects between temperature, salinity and con-
centration of P._marinus infective particles

In addition to temperature and salinity, the number of P
marinus cells that the oyster is exposed to is also critical for
infection transmission. It has long been suggested that di-
lution of infective particles may be partially responsible for
the reduced P, marinus prevalence and intensity observed
in low salinity areas (Mackin 1962). This is probably true,
since in nature, water inputs and/or fresh water runoff not
only dilute the salinity, but also reduce the in situ concen-
tration of P. marinus infective cells in estuaries. Laboratory
studies revealed that a dose between 10 and 100 meronts Of
prezoosporangia per oyster is the minimal number rcquired
to initiate P. marinus infection (Chu 1996, Chu and Volety
1997). The interactions between temperature, salinity and
concentration of P. marinus infective cells have recently
been investigated by Chu and Volety (1997). They exposed
oysters to 3 different doses (0, 2.5 x 10 or 2.5 x 10 * per
oyster) of freshly isolated meronts/merozoites at 9 salinity-
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F igulre 4: Prevalence (% of infected oysters) in Perkinsus
Marinus challenged (P) and non-challenged (NP) oysters
aftgr exposure to 0, 15, and 30% WSFs (N=28-33). Ex-
pertmental oysters were collected from the R

River, Virginia (a tributary of the southern Chesapeake Bay
affected by P. marinus). Oysters were exposed to WSF di-
lutions for 35 days, and then were challenged with P. mari-

nits R . ) o
;“5- WSE exposure was continued for an additional 2!
days.
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Figure 5: Prevalence (% of infected oysters) in Perkinsus
marinus challenged (P) and non-challenged (NP) oysters
after exposure to 0, 15, and 30% WSFs (N=20). Experi-
mental oysters were obtained from outside the normal geo-
graphic range of Dermo (Damariscotta River, Maine).
Oysters were exposed to various WSF dilution for 35 days,
and thereafter challenged with P. marinus. WSF exposure
was continued for an additional 35 days. No infection was
detected in NP, control oysters.

temperature combinations: 10, 15, 25°C at 3, 10, and 20 ppt
for 60 days. Results of statistical analysis showed tem-
perature as the most important factor, followed l'equcthely
by the infective cell dose and salinity in determining the
susceptibility to P. marinus and influencing subsequent
disease development in oysters. Increased infection preva-
lence and intensity occurred at high temperature m}disal.my—
ity, and there was a dose-dependent response .to 1'nfect1.ve
particles (Figure 3). Also, temperature in combmghon w1‘th
infective particle or with salinity significantly affected dis-
ease progression. However, no synergistic eﬂ?c‘t5 were
noted among temperature, salinity and dosage of infective
cells.

Effects of pollutants on P. marinus expression in 0ysters
Synergetic effects between temperalure, salinity, and con-
centration Pollutant stress has long been SUggeSt'Cd‘to,"“'
pair immunofunction, leading to outbreak of mfectl(ous
diseases in aquatic organisms (Sinderman 1983, .19)3).
Concern over the reduced water quality from pollution has
prompled investigations to assess the effect of environ-
mental pollutants on P. marinus infection and progrcs(swn
in oysters (Chu and Hale 1994, Anderson et al. 1996,
Fisher et al. 1999, Chu in press). Chu and 'Hale (1994)
investigated the effects of water soluble fractions (WSF s)
derived from sediments collected from the Elizabeth RI\CCX‘,
a heavily polluted subestuary of the Chesapeake Bay. ’I.h.e
Elizabeth River sediments were grossly contaminated .Wlth,
polycyclic aromatic hydrocarbons (PAHSs), Cha@de“sm Oi
creosote. The WSFs generated from the sedl.ments wex.c
dominated by lower molecular weight aromatic llyQYO?al"
bons and heterocyclic compounds. In two CXPel'lmel:)ts’
they exposed oysters to different dilutions (1.e. 03 15".394)
of WSFs for 35 days, then challenged them with freshly
isolated P. marinus meronts and continued the exposure t0
WSFs for an additional period of 21 or 33'days. Pollu.tant
exposure was found to enhance pre-existing P marinits
infections in oysters from an area affected by P. marins,
and to increase the susceptibility to expenmental mIchqn
in oysters from an area outside the normal geographlc
range of P. marinus (Figure 4 and 5). Both occurred in a
dose-dependent manner.

I A S

To further explore the role of pollution on the onset and
progression of infectious disease caused by P. marinus,
Chu et al. (In review) tested the effect of contaminated
sediments from the Elizabeth River on P. marinus expres-
sion in oysters from a P. marinus enzootic area (Point of
Shoals, James River, VA), with an initial infection preva-
lence of 39%. The sediments contained predominantly high
molecular weight PAHs. PCBs and metals were also pres-
ent therein. Oysters were daily exposed to 0, 1.0, 1.5, or 2.0
g of suspended contaminated sediments for 30 days. After
30 days, oysters treated with contaminated sediments had
increased discase prevalence. Cessation of exposure to
contaminated sediments for 3, 7, and 14 days did not mod-
erate P. marinus progression, At the end of the experiment,
prevalences were 47, 65, 50, and 74% in oysters provided
with 0, 1.0, 1.5, and 2.0g of contaminant sediments, re-
spectively (Figure 6). It is believed that this was not an
effect of sediment per se. A preliminary experiment exam-
ining the effects of varying amounts of non-toxic artificial
sediments on P. marinus progression indicates that sedi-
ment amounts from 0-2 g day'l had no impact on this end-
point. A previous study by Winstead and Couch (1988)
also noted that P. marinus expression appeared at unchar-
acteristically low temperatures afier toxicant (carcinogen n-
nitrosodicthylamine) exposure.

Fisher et al. (1999) and Anderson ef al. (1996) tested inde-
pendently the effects of tributyltin (TBT) on P. marinus
progression in eastern oysters. Both research groups ob-
served that TBT exposure significantly intensified P, ma-
rinus infection and results in greater oyster mortality.
Pollutant exposure may reduce disease resistance by caus-
ing physiological stress in the host or suppressing certain
host defence mechanisms (Sinderman, 1993). However,
such a relationship was not observed in oysters. The
mechanisms triggering increased P. marinus susceptibility
and expression in pollutant exposed oysters are unknown.
Although enhanced P. marinus expression occurred in
contaminated sediment exposed oysters in the above de-
scribed contaminant sediment exposure experim
statistically significant change was noted in fny mzzts’urgg
humoral or cellular parameters, Similarly, while TBT expo-
sure augmented the progression of Dermo disease, no sig--

Prevalence
o8& 88

a0 10 15 29
Field-Contaminated Seciment (g)

Figure 6: Perkinsus marinus prevalence (% of infected o 3
ters) in control and contaminated sediment exposed OySt}ell.-
after 30 days of exposure (N=46-50). Test organisms Weri
collected from Point of Shoals, James River, Virginia L
tributary of the southern Chesapeake Bay affected by P ‘n, (a
rinus). Control, 0, 1.0, 1.5, and 2.0g contaminated g -
respectively (corresponding to Oug, 156ug,
PAHs).

diments,
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nificant effects were observed by Anderson et al. (1996) in
defence-related activities in oysters. .

Field studies also suggest a link between water quality apd
P. marinus infection in oysters. A model developed to in-
vestigate the geographical distribution (?f P marinus on a
bay wide scale (Wilson et al. 1988) indicates tha? .total
PAH concentrations and industrial land use were positively
correlated with prevalence.

Other factors - -

Other environmental factors such as food availability, dis-
solved oxygen, and turbidity are also belicved to play a
role in the epizootiology of P. marinus in the Chesapeake
Bay and Gulf of Mexico. A coupled oyster population- P.
marinus model suggested that temporal and spatial food
supply are important for the host to outgrow of the disease
(Hofman et al. 1992, Powell er al. 1996, Soniat 1996).

" Reduced ingestion rate due to reduced food supply or in-

creased turbidity can trigger an epizootic (Powell ef al.
1996, Soniat 1996). Summer hypoxia could be stressful to
oysters, thus increasing their susceptibility to disease (Bur-
reson and Ragone 1996).

Summary

Environmental factors play a significant role in regulating
the infectious disease caused by P. marinus in oysters. Re-
sults from both field and laboratory studies reveal the im-
portance of temperature, salinity, and P. marinus infective
cell dose in controlling P. marinus infection in oysters. In
addition to high temperature and salinity, environmental
pollution could be a potential stressor contributing to mag-
nified P-marinus susceptibility and expression in oysters.
For better management of oyster resources, further studies
are required to further explore the relationship between the
host oyster, P. marinus, and environmental factors. In par-
ticular, studics are necessary to elucidate the cause-effect
relationship between pollutants and the actual onset of in-
fectious diseases.

Acknowledgments

The author wishes to thank Drs. Robert C, Hale and Morris H. Roberts for
their critical reviews of the first draft of the manuscript. Contribution no.
2245 from the School of Marine Science, Virginia Institute of Marine
Scienee, College of William and Mary

References

Anderson, R. S., Unger, M. A., Burreson, E. M, (1996). Enhancement of
Perkinsus marinus  disease progression in TBT-exposed oysters
(Crassostrea virginica). Mar Environ. Res. 42, 177-180

Andrews, J. D. (1988). Epizootiology of the disease caused by the oyster
pathogen Perkinsus marinus and its effects on the oysier industry,
Amer, Fish. Soc. Spec. Publ. 18, 47-63.

Andrews, 1.D., Ray, S. M. (1988). Management strategies to control the
disease caused by Perkinsus marinus. Amer. Fish. Soc. Spec. Publ,
18, 206-224.

Burreson, E. M., Ragone Calvo, L. M. (1996). Epizootiology of Perkinsus
marinus discase of oysters Chesapeake Bay, with emphasis on data
since 1985, J, Shellfish Res., 15, 17-34.

Chy, F.-L. E., Greene, K. H. (1989). Effect of temperature and salinity on
in vitro culture of the oyster pathogen, Perkinsus marinus {(Apicom-
plexa: Perkinsea). J. Inverrebr Pathol., 53, 260-268.

Chu, F.- L. E., La Peyre, . I, (1993a). Perkinsus marinus susceptibility
and defense-related activities in eastern oysters Crassostrea virginica:
temperature effects. Dis. Aquar. Org., 16: 223-234.

Chu, F.- L. E,, La Peyre, 1. E. (1993b). Development of disease caused by
the parasite, Perkinsus marinus and defense-related hemolymph fac-
tors in three populations of oysters from the Chesapeake Bay, USA. J.
Shellfish Res., 12: 21-27,

Chu, F.-L. E., La Peyre, J. F., Burreson, C. S. (1993). Perkinsus marinus
infection and potential defense-related activities in eastern oysters,
Crassostrea virginica. Salinity effects. J. Invertebr Pathol., 62: 226-
232,

Chu, F.-L. E., Hale, R. C. (1994). Relationship between pollution and
susceptibility to infectious disease in the eastern oyster, Crassostred
virginica. Mar. Environ. Res., 38, 243-256.

Chu, F.-L. E. 1996. Laboratory investigations of susceptibility, infeetivity
and transmission of Perkinsus marinus in oysters. J. Shellfish Res.,
15, 57-56.

Chu, I'.-L. E. (In Press) Effects of field contaminated sediments and re-
lated water soluble components on hemocyte function and Perkinsus
maximus susceptibility and expression in oysters. Biomarkers

Chu, I-L. E., Volety, A. K. (1997). Discasc processes of the parasile
Perkinsus marinus in castern oyster Crassostrea virginica: minimun
dose for infection initiation, and interaction of temperature, salinity
and infective cell dosc. Dis. Aquat.Org., 28, 61-68.

Chy, F.-L. E., Volety, A.K., Hale, R.C. and Huang, Y. Cellular responscs
and disease expression in oysters (Crassostrea virginica) exposed to a
field-contaminated sediments. Mar. Envir. Res. (submitted).

Fisher, W. S., L. M. Oliver, W. W. Walker, C. S. Manning, R. F. Lytle.
(1999). Decreased resistance of castern oysters (Crassosirea vir-
ginica) to a protozoan pathogen (Perkinsus marinus) after sublethal
exposure to tributyltin oxide. Mar. Environ. Res., 47, 185-201.

Hofmann, E. E., Powell, E. N., Klink, J. M., Wilson, E. A. Wilson. (1992).
Modeling oyster populations. II1, Critical feeding periods, growth and
reproduction. J. Shellfish Res., 11, 399-416.

Leving, N.D. (1978) Perkinsus gen. n. and other new taxa in the protozoan
phylum Apicomplexa. J. Parasitol, 64, 549.

Mackin, J. G. (1962). Oyster disease caused by Dermocystidium marinun
and other micro-organisms in Louisiana. Publ. Inst. Mar. Sci. Univ.
Texas, 7, 132-229,

Mackin, J. G., Owen, Collicr, A. (1950). Preliminary note on the occur-
rence of a new protistan parasite, Dermocystidium marinun n. sp. in
.CI"(IA',S'(),S‘/I'L'CI virginica (Gmelin). Science 111, 328-329.

Perkins, F. O. (1966). Life history studies of Dermocystidium marinin, an
oyster pathogen. Dissertation, Florida State University, 273 pp.

Perkins, F. O. (1988). Sturcture of protistan parasites found in bivalve
l‘ﬂ()”LlSCS. Amer. Fish. Soc. Spec. Publ. 18,93-111.

Perkins, . O. (1996). The structure of Perkinsus marinus (Mackin, Owen
& Collier, 1950) Levine 1978 with comments on taxonomy and phy-
logeny of Perkinsus spp. J. Shellfish Res., 15, 67-88.

Powell, E. N., Klinck, J. M.,” Hofmann, E. (1996). Modeling diseased
oyster populations. 11 Triggering mechanisms for Perkinsis marins
epizootics. J. Shellfish Res., 15, 141-166.

Ragone. L. M Burreson, B, M. (1993). Effect of low salinity on infection
progression and pathogenicity of Perkinsus marinus in the eastern
(;ySlCI', Crassostrea virginica ( Gmelin, 1791), J. Shellfish. Res., 12, 1-

Smdemmn‘n, C. 1. (1983). An cxamination of some relationships between
13)2121;1()11 and discase. Rapp. P. V. Reun. Cons. Int. Explor. Mer. 192,

Sindermann, C, J, (1993). Interactions of pollutants and disease in marine

ﬁsh and shell fish. In: Pathology of marine and estuarine organisms,
edited by J. A, Couch and J. W. Fournie, CRC Press, Boca Raton,
./\nn ‘/\rbor, London, Tokyo, pp. 451-482.

Soniat, T. M.( 1996). Epizootiology of Perkinsus marinus disease of east-

_em oysters in the Gulf of Mexico. J. Shellfish Res., 15, 35-34.

Wilson, E‘.'A., Powell, E. N, Ray, S. M. (1988). The effect of the ecto-
pﬂl'ﬂSlllC‘ pyramidellid snail, Boonea impressa, on the grwoth and
heald of oysters, Crassosfreq virginica, under field conditions. Fish.

‘ Bull. 86, 553-566.

Wlm}t’Z;‘A/(:;,;Jg} I., C(?‘uch, ..l. {\.( .1988).. Enhancement of protozoan pathogen
s mf" inus infections In American oysters Crassostrea vir-
ghica exposed to the chemical carcinogen n-nitrosodiethylamine
(DENA). Dis. Aquat. Org., 5,205-213.



	Environmental factors and the infectious disease caused by the protozoan parasite, Perkinsus marinus, in eastern oysters (Crassostrea virginica)
	Recommended Citation

	Environmental factors and the infectious disease caused by the protozoan parasite, Perkinsus marinus, in eastern oysters (Crassostrea virginica)

