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ABSTRACT: The replication of the turbot aquareovlrus TRV in turbot tissues was studied in vitro In 
exc~sed turbot tissues, and in vlvo, following the evolution of viral titers in organs and tissues from 
experimentally infected turbot fry. Replication of TRV in vitro was demonstrated in kidney (with an 
increase of viral titer of more than 2 logs in 5 d) ,  but also in liver and heart (increasing more than 1 log). 
Viral replication was also demonstrated in vivo, with the kidney being the possible target organ. The 
virus was detected in most tissues of turbot fry 2 h post infection, which suggests involvement of the 
circulatory system in the rapid spreading of the virus to all fish organs and tissues. It appears that stress 
conditions, and/or simultaneous occurrence of bacterial infections, can enhance the replication of TRV 
in turbot, and the virus is more efficiently released to the environment. Our results suggest that, under 
normal conditions, TRV shows low levels of replication In turbot tissues, and thus infected fish may 
behave as asymptomatic carriers, spreading the virus to the environment and healthy fish. 
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INTRODUCTION 

During the last decade, viruses with characteristics 
of the Reoviridae have been isolated from a number 
of aquatic animals. Recently these viral isolates have 
been grouped in the new genus Aquareovirus (Francki 
et al. 1991). Some of these viruses were isolated from 
diseased aquatic animals, although most of them were 
isolated during routine examination of asymptomatic 
fish. 

The turbot aquareovirus (TRV) was isolated in north- 
west Spain from turbot suffering a mixed bacterial and 
viral infection (Lupiani et al. 1989), causing low but 
economically serious mortalities in a few turbot farms. 
Since then, the virus has been repeatedly isolated from 
the same and other fish farms. These later isolations 
were consistently made in fish after physical stress 
and/or concomitant with bacterial infections. 

Many reports have been published on the character- 
ization, mechanisms of infectivity and replication of 
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several aquareovirus strains (see reviews by Winton 
1989, Hetrick et al. 1992, Hetrick & Hedrick 1993). 
However, to our knowledge there is no information 
about how the virus spreads throughout the fish tis- 
sues. In the present work, the replication of TRV in dif- 
ferent fish tissues, in vitro and in vivo, as well as the 
route of entry of the virus into the host and subsequent 
spread throughout the fish tissues was studied. Addi- 
tionally, the effect of stress conditions and mixed infec- 
tion on viral replication was also investigated. 

MATERIALS AND METHODS 

Cell lines and viruses. Chinook salmon embryo 
(CHSE-214) cells (Lannan et al. 1984) were grown in 
Eagle's minimum essential medium (EMEM) supple- 
mented with 5 %  foetal bovine serum (FBS), penicillin 
(100 IU ml-l) and streptomycin (100 pg ml-l). The cells 
were incubated at  15°C and when confluent the 
growth medium was replaced by maintenance medium 
(EMEM with 2 % FBS). 
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The turbot aquareovirus (TRV), originally named 
turbot reovirus, was first isolated from a mixed bacter- 
ial-viral syndrome affecting turbot Scophthalmus max- 
imus cultured in Spain (Lupiani et al. 1989). Prior to the 
experiments, the virus was re-isolated from experi- 
mentally infected turbot, and subjected to 3 serial 
passages in CHSE-214. The virus was propagated in 
25 cm2 flasks of CHSE-214 monolayers at 15°C. Viral 
titers were determined according to the method of 
Reed & Miiench (1938), using 96-well plates of conflu- 
ent CHSE-214 cells, and are expressed as TCIDSo ml-l. 

Bacterial strain. A strain of Vibrio damsela (RG191) 
isolated from diseased turbot concomitant with TRV was 
used in the experimental bacterial and viral infections. 
The lethal dose 50% (LD,,) of this strain for turbot is 
about 103 cells (Fouz et al. 1992). For the challenge 
experiments, the bacteria were grown on trypticase soy 
agar supplemented with 1 % NaC1. After 24 h incubation 
at  35°C the bacteria wcrc resuspended in steiiie phos- 
phate buffered saline (PBS), adjusted to 107 cells ml-' 
and serially diluted to the appropriate concentrations. 

Fish. The tissues used in the in vitro study were 
obtained from yearling turbot averaging 700 g. For the 
in vivo experiments, turbot fry weighting 3 to 5 g were 
employed. Rainbow trout Oncorhynchus rnykiss fry 
(3 to 5 g) were also used for comparative purposes. The 
fish were obtained from 2 hatcheries known to be free 
of viruses and maintained at 15 to 18OC in seawater 
tanks. Prior to use in the experiments, fish from these 
stocks were examined for bacterial or viral agents. 

In vitro study of TRV replication. In vitro infection 
of fish tissues was accomplished basically as described 
by Yamamoto et al. (1992). Several organs and tissues 
(gill, fin, skin, spleen, brain, kidney, liver, stomach, 
intestme, gonad, muscle, heart and eye) were clipped 
from freshly killed yearling turbot. Tissue pieces were 
rinsed and placed in 12-well plates containing 5 m1 
EMEM per well, and infected by addition of 100 p1 of 
the viral suspension (3.1 X 104 TCIDS0 ml-l) per well. 
Adsorption of the virus to the tissues was allowed for 
1 h at 4°C on a rocker platform (Selecta, Spain) and 
then unattached virus was removed by rinslng and 
draining the pieces 7 times. The tissues were placed in 
new plates containing EMEM, and incubated at  15OC. 
Replicated tissue pieces were sampled daily during 
5 d, pooled and homogenized in their own culture 
medium, and processed for viral titration. 

In vivo replication in fish tissues. In order to deter- 
mine the replication capacity of TRV in turbot organs 
and tlssues in vivo, as well as the route of entry and 
subsequent spreading of the virus, fish were infected 
in 2 different ways: (1) by intraperitoneal (IP) injection 
and (2) by immersion in a virus-containing bath. For all 
experiments, half of the water in the aquaria holding 
fish was renewed weekly. 

ZP injection o f  turbot fry: A total of 120 turbot fry 
(3 to 5 g) were distributed in 3 stocks of 40 indi- 
viduals each in tanks containing 20 1 of sea water 
Fish from aquarium A were IP injected with 0.1 m1 of 
a viral suspension with an approximate titer of 1.7 X 

105 TCID=jo ml-' (Expt A). In order to determine if 
stress conditions in the fish could affect the replica- 
tion and spreading of the virus, fish from aquarium B 
were subjected to the handling stress method de- 
scribed by Mock & Peters (1990), and then inoculated 
as in Expt A (Expt B). To determine whether a bac- 
terial infection in the fish could modify the virulence 
and spreading of TRV through the turbot tissues, fish 
from aquarium C were infected with Vibrio damsela 
by immersion for 5 min in a bath containing a sub- 
lethal bacterial concentration ( < !03  cells ml-') (Fouz 
et al. 1992), and then IP injected with the virus as in 
Expt A (Expt C).  Groups of fish injected with differ- 
ent bacieriai doses, as \veil as with PBS, were used 
as controls. 

At 2, 4, 6, 8, 12, and 24 h, and then at 8, 21, 36, and 
48 d post infection (pi . ) ,  3 fish from each group were 
sampled and the following organs and tissues asepti- 
cally removed: brain, heart, kidney, spleen, liver, stom- 
ach, intestine, eye, muscle, skin, fin, gill, and blood. 
The remaining fish from each stock were not sampled 
in order to study the possible evolution of symptoms 
and/or mortalities. In addition, aliquots of water were 
collected at 0, 7, 14, 21, and 48 d from each tank, and 
assayed for viral titration. 

Water challenge o f  turbot (Expt D): A group of 30 
turbot fry were infected by direct immersion in a 20°C 
water bath containing approximately 3 X 104 TCID5, 
ml-l. After 1 h ,  fish were transferred back to the corre- 
sponding tank. Fish immersed in virus-free water were 
used as controls. Samples of 3 fish were collected at  2, 
4, 6, 8, 12, and 24 h, and then at 8, 21, 36, and 48 d p.i. 
and tissues aseptically removed. Aliquots of water were 
collected at 0, 7, 14, 21, and 48 d,  and assayed for viral 
titration. 

Concentration o f  virus from water o f  tanks: When 
no virus was detected by the conventional method 
described above, the water from the tanks was con- 
centrated using tangential flow filtration [TFF). This 
was accomplished using the Minitan-S Ultrafiltration 
System (Millipore) as described by Watanabe et al. 
(1988) with some modifications. A volume of 5 1 of 
autoclaved marine water was supplemented with 0.1 % 
FBS and prefiltered through a 1.2 pm cellulose filter 
(RA type, Millipore) to eliminate particulate matter. 
For the TFF, a l00000 Da molecular weight exclusion 
polysulfone filter (Millipore) was prepared by flushing 
with the prefiltered marine water. The water from the 
fish tanks was supplemented with 0.1% FBS, pre- 
filtered as indicated above, and concentrated through 
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the pretreated polysulfone membrane until the volume 
was reduced to 20 ml. Viral titration was performed as 
described previously. 

Virological analysis of fish samples. All the organs 
and tissues (except blood) were weighed, diluted 1:5 
(w/v) in EMEM containing double strength antibiotics, 
and separately homogenized in an  OMNI-5000 homo- 
genizer (OMNI International, Waterbury, CT, USA). The 
resulting suspensions were centrifuged for 10 min at  
2000 X g and the supernatants harvested and processed 
for viral titration, employing CHSE-214 cells as de- 
scribed before. Blood samples were collected from the 
caudal vein using heparinized syringes, diluted 1:5 in 
EMEM with double strength antibiotics, and subjected 
to freezing-thawing. After pelleting cell debris, the su- 
pernatant was harvested and processed for viral titration. 

To determine viral titer per fish, the weight of each 
tissue (in grams) was multiplied by its corresponding 
viral titer (given as TCIDSO g-' of tissue), and the results 
for all organs and tissues were combined. 

Serum titration. Sera samples taken at  1, 8,  21, 36, 
and 48 d p.i, were tested for the presence of neutraliz- 
ing activity against TRV using a standard neutralization 
test. Briefly, 10-fold serial dilutions of the sera were 
mixed with equal volun~es of a viral suspension con- 
taining approxin~ately 103 TCIDJo of infectious virus, 
and incubated at room temperature for 1 h before inoc- 
ulation in CHSE-214 monolayers. Results were read 
after 14 d incubation at 15°C and the titers calculated 
according to the method of Reed & Miiench (1938). 

Experimental infection of turbot erythrocytes. Blood 
was collected with heparinized syringes from the cau- 
dal veins of juvenile turbot averaging 700 g. Blood cells 
were washed 5 times with PBS, resuspended in EMEM 
and transferred to 24-well plates to yield about 107 ery- 
throcytes per well. Infection of erythrocytes with TRV 
was performed by inoculation of 100 p1 of virus with a 
viral titer of 1 X 103 TCIDSo ml-'. After 1 h of adsorption, 
cells were washed twice with PBS, resuspended in 
0.5 m1 of EMEM, transferred to new plates and incu- 
bated at 15°C. At 2, 4, 6, 8, 10, 12, 16, 20, and 24 h ,  
supernatant and cells from each well were removed 
and subjected to low speed centrifugation. The super- 
natant was processed for viral titration, and  the pellet 
resuspended in 200 p1 of EMEM and subjected to 
freezing-thawing. After pelleting of cell debris, the 
supernatant was processed for viral titration as above. 

RESULTS 

Replication of TRV in turbot tissues and erythrocytes 

The viral titers in liver and heart (Fig. 1) showed 
increases of 1.3 and  1.0 log TCIDSo g-l, respectively. An 

increase in viral titer of more than 2 logs was observed 
only in kidney. No increase of viral titer was detected 
in gonad, intestine, eye, gill, stomach, spleen, m.uscle, 
and brain, and no virus was detected in fin after 5 d p.i. 
(data not shown). The titer of TRV in skin increased 
from 2.5 log TCIDS0 g-' at time 0 to 2.9 log TCID,, g.' 
at  5 d p.i. (data not shown), but this difference was not 
significant. Additionally, virus was not detected in 
TRV-infected erythrocyte cultures at  any time tested. 

Replication of TRV in intraperitoneally infected turbot 

IP injection of TRV (Expt A) resulted in the rapid 
spread of the viral agent through the fish. In fact, virus 
was detected in all fish organs and tissues a s  early a s  
2 h p.i. (Table 1). At this time, the kidney showed the 
highest concentration of virus, with a titer of 4.7 log 
TCIDSo g-' of tissue, remaining relatively stable 
throughout the experiment. High titers were also 
found in blood, a s  well as in the stomach, spleen and 
liver. Gill, heart, eye, and brain contained the lowest 
concentrations of virus per gram of tissue. 

Regarding the results obtained using stressed turbot 
(Expt B) (data not shown), viral titers were in general 
lower than those observed in Expt A, and detection of 
virus at 2 h p.i was accomplished in some but not all 
fish tissues. The virus was detectable only for short 
periods of time in fin and brain. No virus was isolated 
from the eyes at any time. 

With respect to the mixed infection assay (Expt C) 
(data not shown), the titer of virus isolated from each 
organ and tissue was, in general, slightly lower than 
those found in fish from Expt A. Virus was detectable 
a t  2 h p.i. only in kidney, blood, spleen, and stomach. In 
gill and eye, virus was first detected at  6 h p.i., and at  

0 1 2 3 4 5 

Days p.i. 

Fig 1. In vitro replication of turbot aquareovirus (TRV) in tis- 
sues exclsed from yearling turbot. (0) Kidney, (0 )  liver, (A) 
heart. Tissues were placed in 12-well plates containing 
EMEh4, Inoculated with TRV and sampled after 1 h and then 
daily for virus. Titers are expressed as logTCIDSo g-l tissue. 

Days p.i, are days post infection 



Dis Aquat Org 25: 217-223, 1996 

12 h p.i. in fin. In the remaining tissues, the first iso- 
lation of virus was effected at 4 h p.i. Although virus 
was isolated for only a short period of time from fin, in 
the remaining tissues TRV was detectable until the end 
of the experiment (48 d).  As in Expt A,  the kidney was 
the organ showing the highest viral titers. 

No mortalities occurred and no clinical signs were 
observed in the infected fish during the course of 
any of the experiments. No anti-TRV neutralizing anti- 
bodies were detected in fish serum. 

Table 2, the titers of virus found in each tissue were 
clearly low. TRV was detectable throughout the exper- 
iment only in the intestine. Virus was detected in the 
blood from 4 h p.i. to the end of the experiment. These 
tissues showed, in general, the highest viral titers. No 
virus was detected in eye and brain tissues, and only at 
2 h p.i, in the spleen and stomach. In the remaining 
tissues virus was isolated for short periods of time. In- 
fected fish did not show any symptoms, and no mortal- 
ities occurred. No anti-TRV antibodies were detected 
in fish serum by neutralization tests. 

Infection of turbot by immersion 
Detection of TRV in the water of fish tanks 

In this assay, viral titers per fish were clearly lower 
than in the IP experiments, with a maximurn titer of Table 3 shows the titer of virus isolated from the water 
1.9 X 103 TCIDSO fish-' (data not shown). As shown in of fish tanks for each experiment. Detection of virus by 

the conventional method was only effected 

'I'able 1. Recovery of turbot aquareovirus (TRV) from turbot ~nfected by ~ n t r a -  at  the latest time points in the water O t  

peritonea1 (IP) injection (Expt A). Viral infectivity expressed as ~ O ~ T C I D , ,  tanks corresponding to Expts B (3.5 X 10' 
TCIDSo 20111, 48 d p i . )  and C (1.1 X 

10' TCID50 20 1-l, 24 d p i . ,  and 1.1 X 

106 TCID50 20 1-l, 48 d p i . ) .  In the remaining 
experiments virus was detected only after 
TFF concentration of tank water, although 
viral titers observed were relatively low 
(2.1 X 103 TCIDSo 201-' for Expt A ,  and 
4.6 X 102 TCIDso 20 1-' for Expt D). 

Orgadtissue Time after infection 
Hours Days 

2 4 6 8 1 2  1 8 21 36 48 

Kidney 4.7 3.7 5.2 4.5 4.2 4.7 4.2 5.2 5.0 5.2 
Spleen 4.0 3.2 4.2 4 0 2.7 2.0 3.0 4.2 3.2 3.2 
Liver 4.0 2.2 4.0 4.2 2.0 2.7 4.7 5.2 3.7 4.0 
Stomach 4.0 3.7 5.0 5.0 2.7 3.2 4.2 4.7 3.0 3.2 
Intestine 3.2 4.0 5.0 4.0 4.7 4.2 4.0 3.7 4.2 4.2 
Heart 1.2 1.7 3.0 4.0 3.2 2.0 2.7 2.7 1.2 1.2 
Brain 1.2 1.7 2.7 2.2 2.2 2.0 1.2 1.2 2.2 2.0 
Muscle 3.2 2.2 1.2 2.7 2.2 2.2 2.7 3.2 2.2 2.2 
Fin 2.2 2.2 2.7 2.2 2.2 2.2 2.2 2.0 2.0 2.0 
Gill 3.2 3.2 3.7 3.0 2.2 3.0 2.7 3.0 3.0 2.2 
Slun 3.2 3.2 2.7 2.2 4.7 3.2 2.2 3.0 2.7 3.0 
Eye 1.2 2.2 2.2 2 2 2.2 2.0 2.7 1.2 1.2 1.2 
Blood 4.2 4.7 3.2 4.2 4.2 4.0 3.2 3.0 4.0 4.2 

Table 2. Recovery of TRV from turbot infected by immersion (Expt D). Viral 
imfectivity expressed as logTCIDSO g-' -: not detected 

Organ/tissue Time after infection 
Hours Days 

2 4 6 8 1 2  1 8 21 36 48 

Kdney 1.2 1.2 1.7 1.5 1.2 1.2 1.2 - - - 

Spleen 1.2 - - - - - - 
Liver - 2.0 3.0 1.2 - - - 
Stomach 2.2 - - - - 
Intestme 2.7 2 0 1.7 2 2 2.2 2 7  2.2 2 2  1.7 2.2 
Heart - - - 2.7 2.0 2.2 1.7 2.2 2.2 2.0 
Brain - - - - -  - - - - -  
Muscle 2.2 2.0 1.2 1.7 1.7 1.2 1.2 - - - 

Fin - - - - - - 1.7 1.7 1.2 

G ill 2.7 3.7 2.2 1.2 2.0 2 7  - - - 

Slun - 1.2 1.2 1.5 1.2 - - - 

Eye - - - - -  - - 

Blood - 2 2 2.2 3.2 2.5 2.2 3.2 2 . t  2.7 2.0 

DISCUSSION 

Since the turbot aquareovirus has al- 
ways been isolated in association with 
bacterial infections and/or stress con- 
ditions (authors' unpubl. data), we under- 
took this study of TRV replication in fish 
tissues and the effect of stress conditions 
on the viral replication. 

To determine if TRV was able to replicate 
in turbot tissues, we carried out an in vitro 
assay using tissues obtained from healthy 
turbot, infecting them with the virus, and 
monitoring viral titers over a 5 d period. Our 
results suggest that TRV is able to replicate 
in the kidney, as an increase of more than 2 
logs In viral titer was detected. It is tempt- 
ing to consider that the virus can also reph- 
cate in liver and heart, although these 
tissues showed viral titer increases only 
slightly more than 1 log The remaining 
tissues do not seem to be able to support 
replication of TRV. Other authors have also 
used excised fish tissues to study the repli- 
cation of viruses such as viral hemorrhagic 
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Table 3. Titration of TRV level in the water of tanks of infected turbot. nd: not 
detected; nt: not tested 

Method of fish exposure to virus Method 
Conventional TFF 

Vlral titer Timed 
(TCIDSO 20 I - ' )  (d)  (TC1D5" 20 1.') 

1P Injection of turbot (Expt A) nd nd 2.1 X 10" 
IP injection of stressed turbot (Expt B) 3.5 X 10' 48 nt 
Mixed infection (Expt C) 1-12 X 10" 24 nt 

1.12 X 106 48 nt 
Water challenge (Expt D) nd  nd  4.6 X 102 

"Days post infection when virus was detected 
bViral titer obtained after concentrabon of water by tangential flow filtration 

septicemia (VHSV) or infectious hematopoietic necrosis 
virus (IHNV) (de Kinkelin & Castric 1982, Yamamoto 
et al. 1992), confirming the ability of those viruses to 
replicate in epidermal fish tissues. 

Since the in vitro study can only be considered as an 
approximation of what really happens in infected fish, 
we performed an in vivo study using 2 routes of infec- 
tion of turbot with TRV: IP injection and immersion. 
Titers of total virus in IP-inoculated fish were very 
close to the quantity of virus injected at the starting 
point, which seems to indicate that TRV was not really 
replicating in the fish tissues but is stable within the 
fish. However, the detection of TRV in the water of 
tanks at the latest time points, despite repeated 
changes of water, suggests that the virus was repli- 
cating and being shed into the water, as has been 
reported for other viruses (Wolf et al. 1968, Billi & Wolf 
1969, Mortensen et al. 1990). 

The detection of low levels of virus in the water from 
Expts A and D only after TFF concentration could be 
due to lower replication and/or less release of the virus 
with respect to Expts B and C, which suggests that 
stress conditions affecting the fish, or simultaneous 
occurrence of a bacterial infection, could yield a rise in 
the level of viral replication. Taking into account that 
stressful conditions result in an increase in sus- 
ceptibility of the fish to pathogenic organisms (Wede- 
meyer 1970, Snieszcko 1974, Walter & Plumb 1980, 
Ellis 1981, Gratzek & Reinert 1984, Peters et al. 1988), 
we think it would not be risky to say that those special 
conditions could lead to higher replication of the virus 
in the turbot. It seems that under normal conditions the 
fish are not greatly affected by the virus, although it 
can remain in the tissues at low levels, and such 
asymptonlatic carriers can spread the virus to unin- 
fected turbot. Special conditions, such as those cited 
above, could enhance TRV replication, and could have 
led to the viral isolations as well as the development of 
certain symptoms seen in the affected fish on the fish 
farms. 

Other data from the in vivo ex- 
periments showed that higher viral 
titers were in general found in the 
kidneys of infected fish, which is a 
result similar to that obtained from 
the in vltr'o assay. This indicates 
that the kidney could be the target 
organ for TRV replication, as has 
been reported for other fish viruses 
(de Kinkelin et al. 1979, Ahne & 
Wolf 1980, Chilmonczyk 1980, Am- 
lacher 1986); however, further histo- 
logical/immunohistochemical studies 
are needed to verify that assump- 
tion. 

On the other hand, it is known that IP infection is not 
a natural route for studying pathogenesis and, there- 
fore, more emphasis should be placed on water chal- 
lenges. Viral titers obtained from the water-challenged 
fish were in general lower than from the IP experi- 
ments, and virus was not present in all tissues. Mor- 
tensen et al. (1990), studying scallops infected with 
infectious pancreatic necrosis virus (IPNV), obtained 
similar results and suggested that inactivation and/or 
release of the virus was more efficient when infection 
was performed through water challenge. Moreover, 
the fact that the earliest detection of TRV in the water 
challenge experiment was in the gill and gastro- 
intestinal tract, but not in skin and fin, indicates that 
entry of the virus can be through the gills and/or oral 
region. The gills have been suggested to be the site of 
virus entry for the causative agents of spring viremia of 
carp (Ahne 1978) and viral hemorrhagic septicemia 
of trout (Chilmonczyk 1980, Neukirch 1984). Yama- 
moto & Clermont (1990), studying the multiplication 
of IHN virus in trout organs following bath infection, 
observed that virus was first detected in gills and intes- 
tine and 2 d later in all the remaining tissues, suggest- 
ing that entry of the virus could be effected through 
the gills. On the other hand, entry of viral agents 
through the digestive tract is not usual. In this sense, 
Hassan & Agius (1992) demonstrated that IPNV can be 
adversely affected, and even killed, during its passage 
through the digestive tract. However, more recently, 
Drolet et al. (1994) reported that IHNV enters rainbow 
trout through the oral region and moves into the 
gastrointestinal tract. 

In the in vivo experiments described here, infection 
of turbot with TRV resulted in an early presence of the 
virus in most of the tissues, which indicates that the 
virus spreads quickly to all organs and tissues of the 
fish. Such a rapid dissemination of the virus has also 
been observed for other fish viruses (Yamamoto & 
Clermont 1990). We think that the best way to explain 
such a rapid dissemination is through the circulatory 
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system, and the isolation of relatively high viral titers 
from blood strongly supports this hypothesis. In this 
sense, Drolet et al. (1994) concluded that after entering 
the fish through the gills or oral region the IHN virus 
spreads into the circulatory system, which dissemi- 
nates it to every organ. Since our results indicate that 
erythrocytes are unable to support either replication or 
intracellular presence of TRV, further studies must be 
conducted in order to determine if any other type of 
blood cells are implicated in the transport and disper- 
sion of the virus throughout the fish. 

Finally, our results showed that in many tissues the 
viral titer did not decline rapidly from that observed 
during the early stages of the infection, and the virus 
remained at detectable levels for extended periods of 
time. These findings suggest thst exposure of turbct to 
TRV may produce a latent carrier state and the rela- 
tively low, but stable, viral titers found in all the tissues 
6- , .m  
L L , i , L  the in vivo stiidies suggest that the TRV couid 
be responsible for a self-limiting infection as has 
been reported for aquareoviruses (Winton et al. 1989). 
Asymptomatic chronically infected fish may periodi- 
cally excrete the virus and, in doing so, contaminate 
the water and allow spread of the infection. 
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