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INTRODUCTION

White spot syndrome virus (WSSV) was first reported
in 1992 in East Asia, and during the last decade it has
spread to nearly all shrimp-farming areas (Huang et al.
1994, Inouye et al. 1994). It has become one of the most
harmful viral pathogens to the worldwide shrimp
industry (Rosenberry 2002). Diagnosis is based on
clinical signs and laboratory tests, including histological
analysis (Lightner 1996), Western blot and immunohisto-
chemistry with monoclonal antibodies (Nadala et al.
1997, Magbanua et al. 2000, Nadala & Loh 2000, Poulos
et al. 2001, Anil et al. 2002), dot-blot and in situ
hybridization using gene probes (Durand et al. 1996,
Nunan & Lightner 1997), polymerase chain reaction
(PCR) (Wang et al. 1995, Lo et al. 1996) and real time

PCR (Durand & Lightner 2002). In most cases, the clinical
signs such as lethargy, reduction in food consumption
and reddish coloration are not pathognomonic (Lightner
1996). In addition, the typical white spots that develop in
the exoskeleton are not often seen in Penaeus vannamei.
Therefore, laboratory tests are required for definitive
diagnosis. Real time PCR is a useful quantification
method that enables the determination of viral units in
infected shrimp tissues, which we know to be one of the
most important factors in progression and transmission
of the disease (Durand & Lightner 2002). 

WSSV is a large double-stranded, enveloped DNA
virus of the genus Whispovirus, family Nimaviridae
(Vlak et al. 2004). The complete genome sequence has
been published (van Hulten et al. 2001, Yang et al.
2001), and more recently many WSSV proteins have
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been characterized using functional genomics and
proteomics (Tsai et al. 2004). 

By examining environmental effects on WSSV infec-
tion in Penaeus vannamei we found that hyperthermia
drastically reduced the mortality rates (Vidal et al. 2001).
This prompted us to investigate whether apoptosis
played a role in the effect. By analyzing the number of
apoptotic cells in shrimp maintained at ambient temper-
ature (25°C) and in heated tanks (32°C), we showed that
shrimp kept at 32°C had a significantly higher number of
apoptotic cells (Granja et al. 2003). These results suggest
that apoptosis had reduced viral replication, allowing the
shrimp to control the disease and survive. 

To determine the effect of hyperthermia on real time
PCR units (rtPCRU) in our WSSV experimental model,
we quantified viral infection by real time PCR using a
fluorescent dye, SYBR Green (Dhar et al. 2001). The
results demonstrated a reduction of rtPCRU in shrimp
maintained at 32°C compared with 26°C, prompting us
to question whether this effect was due to a tempera-
ture-associated modulatory effect on the shrimp anti-
viral response, or on the viral replication process per
se, or both. 

MATERIALS AND METHODS

Animals and experimental conditions. Penaeus
vannamei of 4 g average weight used in these experi-
ments were bred in captivity at CENIACUA’s facilities
located in Cartagena, Colombia. Before the trials,
shrimp were acclimated for 10 d at the CENIACUA
Bioassay Laboratory in Bogota. To exclude the pre-
sence of WSSV prior to experimental infection, pleo-
pods from 30 shrimp in the same batch (full siblings)
were tested by nested PCR (Lo et al. 1996). 

Inoculum preparation. Viral inoculum was prepared
as described previously (Vidal et al. 2001). In brief, mus-
cle tissue and cuticle from WSSV-infected shrimp were
gathered, pooled and homogenized in 0.9% NaCl. Tis-
sue homogenate was centrifuged and filtered through a
0.2 µm membrane filter. WSSV rtPCRU in the cell- and
bacteria-free extract was quantified using real time PCR
protocol as described below. After quantification, the
extract was aliquoted in 2 ml vials and stored at –70°C.

Experimental conditions. Shrimp were maintained
in 2000 l plastic tanks containing chlorinated, filtered
seawater, 35 ppt salinity, under constant aeration 
with zero water exchange. The 2 water temperatures
used were 26 ± 0.5°C (ambient temperature, here-
after referred to as 26°C) and 31.6 ± 2°C (hereafter
referred to as 32°C) maintained by immersion heaters
(Aquarium system VISI Therms Vtn 100, VISI Therm
Technology). The shrimp were fed twice daily with a
commercial diet (Nicovita 35% protein). 

Experimental design. As described in Vidal et al.
(2001), shrimp were individually infected with WSSV by
placing 20 µl of the inoculum (which contained 7.5 × 103

rtPCRU of WSSV) into the oral cavity using a 28G veno-
cath catheter (Becton Dickinson®) connected to a rep-
eater pipette (Eppendorf). Two experimental groups of
WSSV-free Penaeus vannamei were infected and kept at
either 26°C (Group 1) or 32°C (Group 2). Samples from
5 uninfected shrimp were used as negative controls.

Haemolymph was collected from 5 shrimp in Group 2
at 6, 18, 24, 48, 72, 96, 120, 144, 168, 192 and 216 h post-
infection (n = 55). Group 1 was analyzed up to 192 h
post-infection (n = 50), after which there were no sur-
vivors. Each haemolymph sample of 100 µl was taken
with a 1 ml syringe containing 5 µM EDTA. After hae-
molymph collection, shrimp were sacrificed and fixed
in Davidson’s fixative for 24 h and then transferred to
70% ethanol until processing, as described previously
for routine histopathology (Bell & Lightner 1988). 

Typical WSSV histopathological features are hyper-
trophied nuclei with basophilic inclusion bodies in
ectodermal and mesodermal tissues such as cuticular
epithelial, connective tissue cells, antennal gland epi-
thelium, lymphoid organ and hematopoietic tissues.
Their presence was further classified numerically from
0 (no lesions) to 4 (severe tissue damage), as described
previously (Lightner 1996). 

DNA extraction. DNA was extracted using a modifi-
cation of the method described by Chomczynski &
Saccin (1987). Briefly, 100 µl of haemolymph were
added to 400 µl lysis buffer (68% guanidine thio-
cyanate [Promega] and 120 µg ml–1 glycogen [ICN
Pharmaceutical]) and incubated at room temperature
for 10 min. After adding 500 µl isopropyl alcohol, sam-
ples were centrifuged at 14 000 × g for 15 min. Pellets
were washed with 1 ml 70% ethanol and centrifuged
at 14 000 × g for 5 min. Each sample was resuspended
in 200 µl Tris-EDTA buffer. Extracted DNAs were then
amplified using shrimp β-actin primers as described
previously (Briñez et al. 2003), to rule out the presence
of PCR inhibitors (data not shown). 

WSSV quantification. Oligonucleotide forward
(5’Tag-ACA-CTA-gTA-gTg-TTA-TTg-CT 3’) and re-
verse (5’ TTg-CTT-Tgg-gCC-TCA-TCA-C 3’) primers
amplify a 69 bp fragment of the WSSV genome
(Tang-Nelson & Lightner 2001). Amplification reactions
were carried out in a volume of 20 µl using 2× SYBR
Green (DyNAmo Sybr Green qPCR kit, Finnzymes),
1.25 µM of each primer, 2 mM MgCl2 and 2 µl of DNA.
Samples were subjected to 40 cycles of 10 s at 95°C and
1 min at 60°C in a thermocycler PTC-200/Opticon
CDF-3200 (MJ Research). 

The number of WSSV rtPCRU per sample was calcu-
lated based on the standard curve generated using the
WSSV plasmid DNA, kindly provided by Corporation
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Corpogen. Briefly, an amplified DNA fragment of
1440 bp (Lo et al. 1996) was cloned in the pGEM-T
vector. The concentration was determined by
spectrophotometry and used to estimate copy num-
bers. From the stock solution containing 1010 rtPCRU of
WSSV µl–1, we prepared serial dilutions to be used as
standards in each experiment.

Data analysis. SYBR Green PCR data acquisition and
subsequent analysis were performed using Opticon
Monitor 1.02 software. This program assigns the
threshold cycle (CT) value of each sample, i.e. the
cycle at which a statistically significant fluorescence
increase was first detected (Dhar et al. 2001). Linear
regression analysis and 1-way ANOVA were used for
statistical analysis.

RESULTS AND DISCUSSION

There was no mortality during or immediately
after inoculation of the shrimp. By routine histo-
pathology (Lightner 1996) we deter-
mined the presence or absence of
WSSV in tissues and excluded con-
comitant diseases. From Group 1
(26°C), 29 (58%) shrimp presented
typical WSSV nuclear inclusions,
which were detected from 18 to 192 h
post-infection. Severe WSSV disease
(grades 3–4) occurred in 69% (20/29)
of the cases, mainly after 72 h post-
infection. No WSSV inclusions were
found in Group 2 shrimp (maintained
at 32°C). As expected, these results
showed a significant difference
between the groups (Fisher, p < 0.01)
and confirm the effectiveness of the
viral inoculum and the absence of

WSSV lesions in shrimp kept at 32°C (Vidal et al.
2001, Granja et al. 2003). 

To confirm the presence of good quality DNA and
the absence of haemolymph PCR-inhibitory factors af-
ter guanidine thiocyanate extraction, each sample was
PCR amplified with shrimp β-actin primers. All tested
samples gave positive results, validating this DNA ex-
traction protocol for shrimp tissues (data not shown).

As mentioned before, the specificity of real time PCR
reaction using SYBR Green is given by the analysis of
melting curves (Ririe et al. 1997, Nam et al. 2005).
Fig. 1 shows data from 10 of our DNA samples. Their
average melting temperature was 78.4 ± 0.3°C,
matching the Oligo 5® prediction of 78.8°C. Therefore,
these results confirm the specific amplification of the
WSSV fragment. In addition, the presence of WSSV in
the same shrimp was confirmed by conventional
nested PCR (Lo et al. 1996) and by histopathology
(Lightner 1996).

Based on the inverse correlation between number of
WSSV rtPCRU and CT values (Dhar et al. 2001), we
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# plasmid copies Assay number CT values Mean SD CV
1 2 3

1 × 1010 4.22 4.61 4.65 4.49 0.24 5.29
1 × 108 9.74 10.33 9.85 9.97 0.31 3.15
1 × 106 18.59 18.74 19.24 18.86 0.34 1.80
1 × 104 26.83 28.10 28.51 27.81 0.88 3.15
1 × 102 32.21 32.73 33.45 32.80 0.62 1.90
10 33.75 33.27 34.12 33.71 0.43 1.26

Controls
WSSV negative DNA 37.87 36.56 38.3 37.58 0.91 2.41
Blank (no DNA) 39.5 38.7 38.87 39.02 0.42 1.08
Human DNA None None None 0.00 0.00 0.00

Table 1. Threshold cycle (CT) values of WSSV plasmid standards. CT values
correspond to the cycle at which a statistically significant fluorescence increase 

is first detected. CV: coefficient of variation

Fig. 1. Penaeus vannamei. Dissociation curves: DNA from 10 WSSV infected P. vannamei were amplified with WSSV-specific 
primers and SYBR Green. The chart plots the first negative derivative of fluorescence for each sample: –(d/dt)
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used plasmid dilutions to construct a standard linear
regression line for every assay. The rtPCRU of each
sample was then calculated by plotting its CT value on
this line. These numbers of WSSV units were analyzed
after logarithmic transformation. The detection limits
of 1010 to 102 rtPCRU per 100 µl of haemolymph were
established with plasmid dilutions and DNA controls
analyzed in 3 independent assays (Table 1).
As expected, these results were highly repro-
ducible, with most of the coefficients of varia-
tion smaller than 3.5%. 

Plasmid standard linear regressions were
also used to determine the efficiency of the
PCR reaction. Amplification efficiency of data
shown in Fig. 1 was 1.95, as calculated by:
efficiency = 10(–1/slope). 

Fig. 2 shows the mean rtPCRU obtained
from 5 shrimp of each group evaluated at dif-
ferent periods post-infection. Linear regres-
sion of WSSV rtPCRU from Group 1 shows a
significant increase throughout time post-
infection (r2 = 0.7383; p < 0.001). Conversely,
there were no rtPCRU differences in Group 2
in any of the evaluated periods (r2 = 0.142). In
addition, comparison between the groups
shows no difference in the WSSV rtPCRU up
to 48 h post-infection (Fig. 3). After 72 h,
shrimp from Group 1, maintained at 26°C,
had a significantly higher WSSV rtPCRU
(ANOVA, p < 0.001). These findings suggest
that hyperthermia produces inappropriate
conditions for viral replication. 

Indeed, the effect of temperature on WSSV
infection has been confirmed in other

species. Indirect measurement of WSSV DNA
amount by dot blot showed a similar effect of
hyperthermia on infected Penaeus japonicus (also
called Marsupenaeus japonicus), although the
smallest relative viral concentration occurred at
15°C (Guan et al. 2003). In another study, there
were no mortalities in WSSV infected crayfish at
temperatures ranging from 4 to 12°C, while
mortality rapidly reached 100% in animals kept at
22°C (Jiravanichpaisal et al. 2004). As optimal
temperature in nature for crayfish is around 15 to
20°C, these authors suggested that the replication
of WSSV was severely affected by low tempe-
ratures. 

Recent publications have also shown that
elevated temperature can have antagonistic
effects on viral loads, depending on the
experimental model. In larval salamanders
Ambystoma tigrinum infected with Ranavirus, a
temperature of 26°C increases viral replication
and, interestingly, survival too (Rojas et al. 2005).

Gilad et al. (2004) studied a model of koi herpesvirus-
infected Cyprinus carpio koi and found an increase in
viral load at high temperatures, while there was no
mortality at 13°C. Furthermore, in mammals, it has
been demonstrated that temperature can affect the
pathogenicity of HTLV-1 virus by altering the binding
of the virions (Hague et al. 2003). In herpes simplex
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Fig. 3. Vertical scatter plot showing the distribution of WSSV real time
PCR units (rtPCRU), presented as Logarithm 10, from all shrimp ana-
lyzed. Empty symbols represent time points up to 48 h, filled symbols
time points from 72 h post-infection. Horizontal bar represents the
mean values for each group. Different letters represent significant 

differences (ANOVA, p < 0.001)

Fig. 2. Linear regression of mean WSSV real time PCR units
(rtPCRU), expressed as Logarithm 10: Group 1 (�), y = 0.645x + 

2.0236, R2 = 0.7383. Group 2 (�), y = 0.143x + 2.7891, R2 = 0.142
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virus infection, temperature may reduce the envelop-
ment mediated by binding of capsids to cellular
organelles (Kamen et al. 2005).

As we have previously shown, this hyperthermia
effect in Penaeus vannamei is independent of the route
of infection; the same results were obtained using
injection and oral doses of WSSV inoculum (Vidal et al.
2001). In addition, this effect does not eliminate the
virus, because transferring infected shrimp from 32 to
26°C triggered WSSV disease, and mortality occurred
within 3 to 4 d (Vidal et al. 2001). Taken together, our
results show that hyperthermia-associated rtPCRU
reduction could reflect an increment in the shrimp
antiviral response, or its negative effect on the viral
replication process, or both. Therefore, additional
work concerning the interactions among shrimp, virus
and temperature will be required to answer these
questions. 
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