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Taura syndrome (TS) was first recog- 
nized in shrimp farms located near the 
mouth of the Taura River in the Gulf of 
Guayaquil, Ecuador in mid- 1992 (JimCnez 
1992; Lightner et al. 1995), where the dis- 
ease caused catastrophic losses with cu- 
mulative mortality rates from 60% to 
>90% of affected pond-cultured, juvenile 
Pacific white shrimp Litopenaeus vannamei 
(Perez Farfante and Kensley 1997). 

The geographic distribution of the dis- 
ease now includes Ecuador, the adjacent re- 
gion of Peru, the Pacific and Caribbean 
coast of Colombia, Honduras, Guatemala, 
El Salvador, northeast Brazil, Nicaragua, 
Belize, the states of Hawaii, Florida, and 
Texas in the USA, the Mexican states of 
Sonora, Sinaloa, Chiapas, and Guerrero, 
and recently Taiwan (Lightner 1996; Chien 
et al. 1999). 

The epizootiological and laboratory stud- 
ies that followed its discovery and spread 
from Ecuador showed that Taura syndrome 
(TS) had a viral etiology in the American 
(L. vannamei, L. stylirostris, L. schmitti, L. 
setiferus, Farfuntepenaeus aztecus) and 
Asian (Penaeus monodon, Marsupenaeus 
japonicus, Fenneropenaeus chinensis) pen- 
aeid species naturally or experimentally in- 
fected by the virus. Litopenaeus vannamei 
was by far the most severely affected 
(Brock et al. 1995, 1997; Hasson et al. 
1995, 1999b; Lightner 1996; Overstreet et 
al. 1997). 

Infectivity studies demonstrated that TS 

could be induced in specific-pathogen-free 
(SPF) L. vannamei. Shrimp started dying 
after being fed TSV-infected tissue between 
day 4 or 5, with mortalities of 80% (Brock 
et al. 1995). Test animals were also infected 
by intramuscular injection with crude ho- 
mogenate and cell-free suspensions, from 
TSV-infected Ecuatorian L. vannamei, 
causing mortalities of 73% to 87% among 
treated groups. All moribund shrimp dem- 
onstrated moderate to severe pathognomon- 
ic TS lesions (Hasson et al. 1995), which 
consist of pyknotic and karyorrhectic nuclei 
and generally spherical cytoplasmic inclu- 
sions with multifocal areas of necrosis of 
the cuticular epithelium giving TS lesions a 
peppered or buckshot-riddled appearance 
(Brock et al. 1995; Lightner et al. 1995; 
Hasson et al. 1995; Lightner 1999). 

The hemispheric geographic distribution 
of TS indicates that the same virus or a 
closely related one is responsible for the TS 
epizootics that have occurred throughout 
America since 1992 (Hasson et al. 1999a). 
Ecuatorian and Hawaiian TS virus isolates 
were found to be identical in their biophys- 
ical, biochemical, and biological character- 
istics, and they were considered to be the 
same virus (Bonami et al. 1997). 

In early 1995, TSV was detected in wild 
adult L. vannamei collected from the off- 
shore fishery of the southern Mexican state 
of Chiapas, near its border with Guatemala 
and near where TS had first appeared in 
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Guatemalan shrimp farms in 1994 (Lightner 
1996; Zarain and Ascencio 2001). 

Losses in shrimp farms of Sinaloa, Mtx- 
ico, due to TS reached a peak in 1996. As 
a result of TS, shrimp production of Sinaloa 
decreased 37%, though in other countries 
the production had been reduced more se- 
verely (Lightner 1996). Since that time 
there has been a steady reduction in the 
number of shrimp farms infected, with sta- 
bilization in the production of shrimp by 
1998. This stabilization was probably 
caused by the change in species cultivated 
from L. vannamei to L. stylirostris (Zarain 
and Ascencio 2001). 

In 1996 JimCnez (1996) reported a dis- 
ease similar to Taura syndrome. The impact 
of this TS-like disease in Sinaloa (1995- 
1998) suggests a diminishing virulence in 
the virus strain (TSVSIN98, Sinaloa, MCx- 
ico 1998 TSV) (Zarain and Ascencio 2001). 
Since the appearance of this strain, severity 
of losses have not been as great as those 
observed in other countries. Recently, TS 
has reemerged in species previously report- 
ed as refractory to TS. Recent evidence has 
shown a molecular difference between 
TSVSIN98 and other TSV strains (Erickson 
and Lightner 2001). Because of this, the ob- 
jective of this study was to determine 
whether there are differences in the gross 
signs, histopathological lesions, and mor- 
talities in L. vannamei due to challenge 
with the TSVSIN98 strain, compared to 
previous challenge studies with the typical 
TS virus. 

Materials and Methods 

Bioassay Experimental Shrimp 

Twelve 15-L aquaria, covered with glass, 
were each stocked with 15 healthy (free of 
TSV virus) L. vannamei (from CIBNOR, 
La Paz, Mexico) of 13.5 g average weight. 
Before beginning each bioassay, the shrimp 
were acclimated for 3 d. 

The experimental aquaria were located in 
an isolated room disinfected with calcium 
hypochlorite. Nets and other necessary 

tools were not exchanged between experi- 
mental tanks. A daily water exchange of 
50% was made with prepared sea water (In- 
stant Ocean Aquarium Systems, Mentor, 
Ohio, USA), maintaining a salinity of 30 
ppt. Each tank was held at constant condi- 
tions: temperature maintained between 26 
and 28 C, continuous aeration, and 10 h of 
light per day during the experiment. Shrimp 
were fed early in the morning and near 
noon, with commercial pellets (Malta Clay- 
ton, MCxico, 40% protein), on the basis of 
5% body weight (Overstreet et al. 1997). 
Every day, the variables of water quality 
(pH, total ammonia-N, and nitrite) were re- 
corded. 

Inoculum Preparation 

The inoculum was prepared from 100 g 
of macerated heads of TSV-infected L. van- 
namei originating from a single epizootic at 
a shrimp farm in Sinaloa during 1998 
(TSVSIN98) and was homogenized in 300- 
mL Ringer’s physiological saline (Hasson 
et al. 1995; Overstreet et al. 1997). This 
slurry was centrifuged for 15 min at 1,000 
g. The supernatant was poured off and fil- 
tered through a No. 5 Whatman filter and a 
0.45-km GF/A filter (Whatman Internation- 
al Ltd., Maidstone, England). This suspen- 
sion was diluted and with sterile 2% 
saline, and these dilutions were used for the 
inoculations. The shrimp were injected with 
0.10 mL (1 % v/w) in the third abdominal 
segment (Overstreet et al. 1997). Sixty 
shrimp were injected with 2% saline for the 
control. The same number of organisms and 
replicates were used for the treatments with 

The health of the shrimp in each aquar- 
ium was examined at least four times each 
day during 11 d post-challenge. At least one 
shrimp was taken daily for preservation, 
preferentially those, that showed some 
signs of disease or were moribund. The 
number of dead and moribund shrimp was 
also recorded. 

and dilution. 
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TABLE 1. Curnulative percentage niorralities per  treatment and replicate and number of L. vannamei wirh TS 
lesions ut the end of 1 1  d of infectivity bioassay. 

Cumulative 76 mortalities Number of shrimp with TS lesions in 
Treatment-replicate on day 1 1  the four replicates and (day sampled) 

Control-Replicate 1 (0/15) 0.0 

Control-Replicate 3 (0/15) 0.0 None 
Control-Replicate 4 (0/15) 0.0 
Dilution Yl,,-Replicate I (8/15) 53.3 
Dilution Yl,,-Replicate 2 (6/15) 40.0 
Dilution '/,,,-Replicate 3 (7/15) 46.6 
Dilution '/,,,-Replicate 4 (5/15) 33.3 I@). 
Dilution I/l,,,-Replicate 1 (6/15) 40.0 
Dilution I/l,,rReplicate 2 (6/15) 40.0 
Dilution I/l,,,-Replicate 3 (7/15) 46.6 
Dilution I/,,,,-Replicate 4 (7/15) 46.6 1(7), 1(9). 

Control-Replicate 2 (0/15) 0.0 

2(1), 2 W ,  2(3), 2(4), 1(5), I(@, 

1(1), 2(2), 1(3), 2(4), 1(5), 1(6), 

Histological and Hybridization Analysis 

The selected shrimp were injected and 
preserved with RF (RNA-friendly fixative) 
solution (Hasson et al. 1997). The histo- 
pathological methods used were routine 
procedures using hematoxylin and eosin- 
phloxine (H&E) (Bell and Lightner 1988). 
The sections were examined for pathogno- 
monic TS lesions (Lightner et al. 1995; 
Hasson et al. 1995). They were also ana- 
lyzed using genetic probes by in situ hy- 
bridization (DiagXotics, Wilton, Connecti- 
cut, USA). At the end of the bioassay, the 
surviving organisms were frozen at -70 C. 

Results 
Gross Signs, Histopathology, 

and Hybridization 

The gross signs recorded for both dilu- 
tions were weakness, lethargy, abnormal 
swimming, expansion of red chromato- 
phores over the entire body and appendag- 
es, necrosis of the cuticular epithelium in 
uropods, and soft cuticle. Shrimp with 
black spots were detected on day 9. 

Table 1 lists the day and number of 
shrimp that had characteristic acute phase 
or transition phase TSV lesions (as de- 
scribed by Hasson et al. 1999b) from day 1 
until day 9 post-injection (Fig. lA, B). The 
presence of chronic TSV lesions continued 
until the end of the experiment. 

The presence of hemocyte accumulations 
and the formation of spheroids in the lym- 
phoid organ were observed beginning with 
the day 2 samples and persisting until the 
end of the experiment in both challenges 
dilutions and Sixty-six percent of 
the analyzed shrimp that had been chal- 
lenged with the dilution had TSV le- 
sions in the cuticular epithelium and in the 
lymphoid organ. These disease signs indi- 
cate that the shrimp were in the transition 
phase of the disease (Hasson et al. 1999b). 

The histological sections of shrimp dis- 
playing pathognomonic TSV lesions were 
subjected to a confirmatory test by in situ 
hybridization using specific TSV probes, 
with the results being positive in 90% of 
the assays. An intense reaction to the 
probes was observed in the cuticular epi- 
thelium in areas where necrosis was not ev- 
ident and lightly positive within the lym- 
phoid organ on the first day (Fig. 1C). Le- 
sions continued to be observed through the 
last day of the experiment. 

Development of Mortalities 

Figure 2 shows the development of daily 
mortalities on each of the replicates using a 

dilution. Table 1 also shows the cumu- 
lative mortalities for each replicate of both 
dilutions as well as the controls at the end 
of the period. In both dilutions, we obtained 
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a cumulative mean mortality of 43%. Also, 
in both dilutions the maximum daily mor- 
tality was 10% (not shown). For shrimp 
challenged with the dilution, the mor- 
talities began the first day post-injection, 
whereas for the shrimp challenged with the 

dilution, the mortalities did not begin 
until the second day post-injection. 

Discussion 
Taura syndrome is an infectious disease 

of viral etiology (Brock et al. 1995; Light- 
ner et al. 1995; Hasson et al. 1995), which 
under experimental conditions can result in 
cumulative mortalities that range between 
73% and 87%. Under culture conditions 
mortalities may reach 95% in L. vannamei. 
However, the effects of TS on the shrimp 
farming industry of Sinaloa, MCxico has 
not been as harmful as in other countries 
that cultivate this species. (Lightner 1996; 
Hasson et al. 1999a; Zarain and Ascencio 

TS virus (TSV) has appeared in different 
ambient conditions and with a variety of 
clinical manifestations. Although TSV is 
able to infect L. vannamei and L. styliros- 
tris, the expression of the disease and the 
severity of its disease signs differ in each 
species. In general, L. stylirostris, F. duor- 
arum, and F. aztecus are more tolerant to 
TSV than L. vannamei (Brock et al. 1995; 
Overstreet et al. 1997). 

The histological evaluation of moribund 
shrimp collected from this infectivity study 
between day 1 and 11 d post-injection 
showed pathognomonic TS lesions in the 
cuticular epithelium of appendages and car- 

2001). 

FIGURE 2. L. vannamei daily mortality number dis- 
iribuiion in four replicates (Rep I .  Rep 2, Rep 3, 
Rep 4)  and one control in ihe infectivity bioassay, 
afrer induced infection by injection using inoculum 
tissue TSVSlN98 dilution over ihe I I d experi- 
ment. 

apace in general and the formation of spher- 
oids in the lymphoid organ. Lesions were 
similar to those reported for organisms nat- 
urally or  experimentally infected with viral 
isolates originating from Ecuador, Hawaii, 
and Texas (Brock et al. 1995; Lightner et 
al. 1995; Hasson et al. 1995, 1997, 1999b; 
Bonami et a1.1997). 

At the end of the 1 I-d bioassay, 66% of 
the shrimp inoculated by intramuscular in- 
jection with the diluted material from 
TSVSIN98 showed lesions characteristic of 
both the acute and transition phase of the 
disease. 

That the in situ hybridization test with 
the TSV-specific gene probe showed a 
strong positive reaction in areas of cuticular 
epithelium where no evidence of necrosis 
was apparent and with less intensity within 
the lymphoid organ suggests the virus was 

t 

FIGURE 1. Photomicrographs of hemutoxylin and eosin (HBE) hisiological seciions. (A )  The abdomen of a 
juvenile L. vannamei. day I ,  diluiion. illusirating ihe characteristics of ihe TSV acute-phase lesion wiih 
cellular necrosis of the cuiicular epithelium, cytoplasmic inclusion bodies, and pyknotic and karyorrhectic 
nuclei (arrow). 400X magni3cation. (B )  The cuticular and subcuiicular epidermis of a juvenile L. vannamei, 
day 2, dilution, illustrating the characteristic of TSV iransition phase. A melanized cuticule (arrowhead), 
necrosis wiihin cuticular epithelial cells, and hemocytic injiltraie are visible (arrow). IOOX magni3caiion. (C)  
Gene-probed histological section of cuticular epidermis of juvenile L. vannamei appendage, day 2. I / / ( ,  dilution, 
displuying an iniense posiiive reaction (black precipitate) (arrow). Sections were counter-stained with Bis- 
marck bruwn. 4 0 0 X  magnijication. 
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already present within cells that have not 
yet undergone necrosis at the beginning of 
the infection. It is also possible that some 
viral particles may have been phagocytized 
by hemocytes, which in turn may have re- 
sulted in a positive reaction to the TSV 
gene probe within the lymphoid organ on 
the first day post-injection, and possibly 
causing the formation of spheroids from 
day 2 until the end of the experiment. 

It has been reported that during the nor- 
mal course of a TSV episode some shrimp 
showing moderate to severe lesions may re- 
cover and survive (Lightner 1996; Hasson 
et al. 1999b). However our results suggest 
that a high percentage of the shrimp (L. 
vannarnei) used in this experiment may 
have been resistant to the infection or may 
have been only mildly affected with the dis- 
ease, resulting in early recovery. That the 
first shrimp displaying lesions characteristic 
of the transition phase of TS disease was 
observed almost immediately after the first 
day post-injection and the average cumu- 
lative mortality only reached 43% seems to 
support this hypothesis. There is also the 
possibility that the apparent resistance or 
the mild pathogenicity of this strain of the 
virus could be caused by some genetic 
change experienced by the viral isolate em- 
ployed, TSVSIN98 (Erickson and Lightner 
2001), which could have decreased the po- 
tential to infect L. vannamei, hampering the 
ability to express the viral genome in the 
host. 

We speculate that the difference between 
the results obtained in this study and those 
previously reported in the literature could 
be caused by differences intrinsic to the en- 
vironmental conditions from where the test 
shrimp originated and that may have influ- 
enced their susceptibility to infection. Ad- 
ditionally, since the TSV replication strat- 
egy does not include a repair system (Do- 
mingo and Holland 1997), there is a high 
probability for mutations that may have af- 
fected the ability of this strain of virus to 
infect the shrimp employed in this study. 
Further studies on the molecular character- 

ization of the TSVSLN98 are now in pro- 
gress. (H.S. Erickson, University of Arizo- 
na, personal communication). 
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