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INTRODUCTION 

Most established host-parasite or host-pathogen relationships are  more or  less 
balanced interactions of long evolutionary codevelopment. Any new environmental 
factor(s) extraneous to the host and parasite that would alter an established pattern 
in the host-parasite balance, either subtly or dramatically, might have significant 
long-range effects on the host-parasite relationship. In aquatic ecosystems, few ex- 
perimental studies have been made on the possible interactions among such environ- 
mental factors as pollution, host species, and parasites or pathogens.' There are  data 
available, however, that indicate an unusual adverse effect on some host aquatic 
species by certain natural parasites after or during exposure of the host-parasite 
system to specific pollutants or pollutant c o m p l e x e ~ . ~ ~ ~  

Recently, we have been investigating a newly discovered aquatic animal host- 
virus system in relation to its development as a bioassay tool for predicting possible 
interactions among chemical pollutants, host, and virus. The system that we have 
studied consists of penaeid shrimp as host, a shrimp-specific Baculovirus, and several 
selected pollutant chemicals, including polychlorinated biphenyls (PCBs).'-" PCBs 
were selected because of their widespread activity as aquatic pollutants and because 
of our knowledge of relative toxicity of PCB isomers to penaeid  shrimp^.^ Concentra- 
tions of more that 3-5 parts per billion (ppb)of the PCB Aroclofl 1254 are  very toxic 
to penaeid shrimp. Concentrations of less than I ppb of Aroclor 1254 are less acutely 
toxic. 

In earlier experiments, we found that exposure of small groups of shrimp (eight to 
35 per group), with a low natural prevalence of Baculovirus. to 1-3 ppb of PCB 
(Aroclor 1254) for 10-25 days resulted in an increase of the Baculovirus prevalence 
in some of the groups and, commonly, in increases in intensity of infection in exposed 
individuals.' These tests were repeated several times, and in two of three tests, the 
Aroclor 1254-exposed shrimp showed a higher prevalence and intensity of infection 
when compared to controls during and after exposure periods." 

Because of considerable variability in the above test results, however, we 
repeated the basic PCB exposure experiment with larger numbers of test and control 
shrimp. These experiments were repeated to determine whether PCB exposure of 
a group of shrimp, some of which were naturally infected with virus, was associated 
with an increase in virus prevalence and host mortality in the group. 

*This report is publication 300 from Gulf Breeze Environmental Research Laboratory. 
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MATERIALS AND METHODS 

Three thousand live pink shrimp (juveniles to adults) were purchased from a com- 
mercial bait trawler a t  Keaton Beach, Florida. The shrimp were trawled from 
Apalachee Bay, Florida, a region that we have monitored for the shrimp virus for the 
past 5 years.'*' We have found that the pink shrimp there are  infected. From 0 to 
80% of any shrimp sample a re  infected; on the average, 5% of each sample is patently 
infected. The shrimp were placed in large flowing seawater tanks at  the Gulf Breeze 
laboratory and acclimated to holding conditions for 1 week. 

For the experiment, the surviving acclimated shrimp were divided into three large 
groups: an experimental group of 925, a control (nonexposed) group of 925, and a 
base sample of 150, from which we would attempt to determine the initial virus pre- 
valence of the sample. The experimental and control groups were placed in separate 
round fiber glass tanks (2.4 m in diameter) that were supplied with flowing seawater 
from siphons that delivered a known volume of seawater per hour from an overhead 
reservoir water trough. Stand pipes in the tanks, set a t  the desired depth (0.5 m), de- 
livered overflow from the experimental tank to a toxicant holding pond. 

A commercial syringe apparatus was used to continuously inject a calculated 
volume of the PCB (Aroclor 1254) dissolved in triethylene glycol into the experi- 
mental tank water. The seawater siphon flow was 360 liter/hr for the experimental 
tank. Two syringe pumps each injected 0.354 pglliter of Aroclor 1254 into the tank 
to maintain a nominal ambient concentration of 0.708 pglliter of Aroclor 1254 
continuously in the exposure tank. The exposure experiment lasted 35 days. During 
the exposure experiment, water and shrimp samples were taken weekly and analyzed 
by gas chromatography for actual concentrations of Aroclor 1254. Each week, 15 
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FIGURE I .  Scheme for stepwise approach to use of Boculovirus-shrimp system in combina- 
tion as a bioassay to detect possible interactions among pollutant (Aroclor 1254). virus, and 
host. 
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FIGURE 2. Patent Boculovirus infections of shrimp hepatopancreatic cell nuclei; note polyhe- 
dral inclusion bodies (PIBs) in hypertrophied nuclei (arrows) and PIBs liberated from lysed cells 
(phase-contrast microscopy). 

hepatopancreata and 15 tails (muscular portion) from exposed shrimp were analyzed 
for the presence of Aroclor. Weekly samples of 35 shrimp were taken from the ex- 
posure tank during the exposure experiment, and the prevalence of patent virus in- 
fections in each of the samples was determined. Laboratory microscopic examination 
of shrimp for patent virus infections has been described by Couch.e The relative 
intensity of individual patent infections was recorded for each sample as light, 
moderate, or heavy. Mortality of shrimp was monitored daily during the experiment, 
and a count of surviving shrimp was made when the experiment ended. 

The control tank received seawater continuously from a siphon that supplied 360 
liter/hr, the same as that supplied to the exposure tank. The solvent carrier 
triethylene glycol, without PCB, was injected into the control tank water at a rate 
identical to that for the exposure tank. During the experiment, water and shrimp 
samples were taken from the control tank, on the same schedule as that of exposed 
samples, for gas chromatography and viral prevalence and infection analyses. 
Shrimp mortality in the control tank was monitored and recorded daily, and sur- 
vivors were counted and examined for the presence of virus when the experiment 
ended. 

Experimental and control viral frequency data were plotted as prevalence of virus 
per weekly sample for 5 weeks. Least-squares and joint confidence interval 
regression analyses were used to determine significant differences in the slopes of the 
plotted prevalence data. 

FIGURE I shows a general scheme of the steps involved in the experimental-con- 
trol procedure for evaluating possible enhancement of viral frequency in shrimp 
exposed to chemical stressors (pollutants). 
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RESULTS 

Virus- R elat ed Cytopathology 

Cytopathologic effects of the shrimp Baculovirus have been described in detail by 
C O U C ~ ~ . ~ . ~  and Couch et al.' Patent infections in naturally exposed shrimp have been 
determined, via light microscopy, by the presence of from one to several charac- 
teristic polyhedral ( te t rahedra l )  inclusion bodies (PIBs)  in hypertrophied 
hepatopancreatic cell nuclei (FIGURE 2). Heavy prepatent infections can also be 
characterized by the presence of numerous hepatopancreatic cells with hypertro- 
phied nuclei minus the formed PIB (FIGURE 3). The number of PIBs per cubic 
millimeter of hepatopancreas is used to determine the relative intensity of individual 
infections. More than 1100 PIBs/mm3 of tissue is considered to be a relatively severe 
infection. 

Uptake ofAroclor 1254 in Exposed Shrimp 

Shrimp in the experimental tank water exposed to approximately 0.6-0.7 pg/liter 
of Aroclor 1254 for 35 days accumulated up to 21 mg/kg of Aroclor (35,000 x 
ambient level) in their hepatopancreata, the major site of viral infection (FIGURE 4). 
In contrast, there was a gradual, but much lower, accumulation of Aroclor in the tail 
muscle, a tissue not infected by the virus (FIGURE 4). Shrimp and water .samples 

FIGURE 3. Baculovirus-infected nuclei (arrows) without PlBs (prior to PIB formation); note 
hypertrophied nuclei characteristic of this prepatent stage in the viral reproductive cycle 
(phase-contrast microscopy). 
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FIGURE 4. Graph of uptake and accumulation of Aroclor 1254 (PCB) in two tissues of pink 
shrimp over a continuous exposure period of 35 days. Ambient exposure concentration was 
0.6-0.7 ppb of Aroclor in seawater. 

taken weekly from the control tank and analyzed for the presence of Aroclor showed 
no trace of the compound. 

Viral Prevalence and Mortality in Aroclor-Exposed Shrimp Versus Control Shrimp 

The base sample of 150 shrimp, examined immediately prior to the beginning of 
the exposure experiment (time 0, FIGURE 5), revealed a base prevalence+ of 23.3% of 
patently infected shrimp. All of these infections were light. Thereafter, a gradually 
greater increase in viral prevalence was found (upper line, FIGURE 5)  in the Aroclor- 
exposed shrimp samples (chemically stressed) than in the control shrimp samples 
(lower line, FIGURE 5). The viral prevalence in the last sample of exposed shrimp was 
75% after 35 days of exposure. The prevalence of virus in the last nonexposed control 
shrimp sample was 45.7% after 35 days of holding. The slopes of the lines in FIGURE 5 
are significantly different (p = 0.05) according to forced regression analysis. 

Mortality of shrimp in the Aroclor exposure tank was increasingly higher than 
that in the control tank. By 35 days, the cumulative mortality in the experimental 
tank, was 5076, whereas mortality was only 13% in the control tank a t  35 days 
(FIGURE 5). 

I t  is invalid to attempt to correlate the higher mortality of exposed shrimp with 
the higher viral prevalence in the chemically stressed shrimp, because Aroclor 1254 
alone, even in low concentrations, is toxic to penaeid shrimp. Only naturally infected 
shrimp were available for this test; it was therefore impossible to use a positive 
chemical control (known noninfected shrimp exposed to Aroclor 1254) in the experi- 
ment. Ideally, one should have a noninfected source of shrimp for determining the 

tPrevalence = number of patently infected shrimp in sample x 100/total number of shrimp 
in sample. 
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FIGURE 5. Graph of viral prevalence and mortality in Aroclor 1254-exposed shrimp samples 
and in control shrimp samples (original viral frequency in beginning exposed and control shrimp 
was 23.3%). Exposed shrimp had a greater and more rapid increase in viral prevalence and cu- 
mulative mortality than did controls (dark histogram, cumulative mortality of controls; light 
histogram, cumulative mortality of exposed). 

effect of the chemical alone on mortality. At the present time, this requirement can- 
not be satisfied due to our inability to detect all latent viral infections or to rear 
shrimp xenobiologically. 

DISCUSSION 

The most significant finding of this study was that the chemically stressed 
(Aroclor exposed) shrimp samples had progressively higher prevalences of virus than 
did the control (nonexposed) shrimp samples. Both exposed and control groups used 
in the experiment had the same prevalence of patent viral infections at  the beginning 
of the test (FIGURE 5). The rather abrupt increase in viral prevalence in the Aroclor- 
exposed shrimp (from 23.3 to 75% in 35 days) probably was related to an undefined 
interaction of host, chemical stressor (Aroclor 1254), and virus. The rather gradual 
rise in viral prevalence in the control shrimp (from 23.3 to 45.7% in 35 days) was 
within the range that we have observed in shrimp maintained in unusually crowded 
conditions in aquaria without chemical stress.$ 

There are several possible interactions among the host, chemical stressor, and 

$The mechanism of viral transmission appears to be cannibalism and feeding of shrimp on 
fecal material. 



5 04 Annals New York Academy of Sciences 

stressor Aroclor 1254 (a polychlorinated biphenyl) a t  0.7 ppb for 35 days in flowing 
seawater. The other group was maintained as a control group in flowing seawater. 
Viral prevalence in exposed shrimp samples increased with time at  a significantly 
greater rate than did viral frequency in control shrimp. Viral prevalence in Aroclor- 
exposed shrimp survivors was 75% after 35 days, whereas in control shrimp, only 
45.7% had patent viral infections. This finding suggests an interaction among 
chemical stressor (Aroclor 1254), host, and virus. The nature or mechanism of this 
interaction has not been defined, but the shrimp-virus system shows promise for fu- 
ture bioassays of influence of low concentrations of pollutants on natural pathogen- 
host interactions. 
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I WREASE IN V l R U  PREVUENCL 
P IIICREAK m INFECTION INTCNUTY 
3, imcncmc IN HOST UO~TILIT~ 
4. fwwcco cvrmrwic w i c i s  

virus that could account for the more rapid increase of viral infections in chemically 
stressed shrimp than in control shrimp. Among these possibilities are loss of 
resistance to new viral infections in shrimp hosts due to toxic effects of Aroclor 1254, 
enhancement of latent or occult viral infections possibly carried by all or most of the 
shrimp from enzootic viral populations, increase in virulence of virus when exposed in 
vivo to Aroclor 1254, and greater susceptibility of intoxicated, weakened individuals 
to the cannibalistic habits of lesser intoxicated individuals in the exposed group of 
shrimp. 

We plan to use the simple Baculovirus-shrimp system (FIGURE 1) in future 
bioassays with a variety of chemicals that are  aquatic ecosystem pollutants. The his- 
tory and potential uses of the system to test the “host-pathogen-pollutant interac- 
tion” concept is outlined in FIGURE 6. 

The tentative criteria for evidence of interaction are increase in viral prevalence 
in stressed versus control shrimp, increase in infection intensity in pollutant-exposed 
individuals as compared to controls, increase in exposed-infected shrimp mortality 
versus control shrimp mortality, and enhanced cytopathic effects in exposed-infected 
shrimp as compared to those in control-infected shrimp. 

I DECREASE IN VIRAL PREVALENCL 
P MCRLASE IN INFECTIMI IwTrI1Yrl 
3 nfwcrion m HOST Y O I ~ T A L ~ T Y  
4 REDUCED C*TOsll* IC EFFECTS 

NO EFFECT 

SUMMARY 

A large group of shrimp, 23.3% of which had light patent Baculovirus infec- 
tions, was divided equally into two groups. One group was exposed to the chemical 

m l l r  TO RECOVER. AT WILL,  INFECTEO WRlNP 
AN0 VIRUS IN CUAWTlTl FmY NATURE 

UNDLRSTWDWO ff NATURAL FACT(*1s 1MA1 AFFECT 
SHRIMP-YIWS SYSTLY IN EXPERIYENTS. 

RESULTS 


