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Survival in juvenile shrimps (Penaeus vannamei) exposed to inactive against

active white spot virus: a challenge bioassay perspective
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ABSTRACT. White spot syndrome virus (WSSV) has damaged the Ecuadorian shrimp culture industry
severely. The shrimp industry is highly important as it has generated high revenues over the past few years in
Ecuador. Therefore, research on preventing devastating viral infections such as WSSV, is of major relevance.
This study aimed to evaluate the survival rate in white shrimps (Penaeus vannamei) by using a vaccination
method of inactive white spot virus (WSV) against an active WSV infection. A bioassay using 120 shrimps, 60
injected with inactive WSV and 60 injected with shrimp tissue without WSV infection, was conducted. Firstly,
30 specimens injected with inactive WSV were challenged against active WSV after 48 h. The remaining 30
specimens were challenged against shrimp tissue without WSV infection, as a negative control. Secondly, 60
specimens injected with the tissue without WSV infection were challenged as follows: 30 against active WSV
and 30 against shrimp tissue without WSV infection. Kaplan-Meier analysis (P < 0.961) of the results showed
no significant differences between the groups. Thus, these results showed no decrease in the mortality rate in

juvenile shrimps (P. vannamei) after treatment.
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The shrimp culture industry is of major importance to
Ecuador and is almost entirely dependent on the white
shrimp Penaeus vannamei (Lightner, 2011), repre-
senting nearly 95% of the Ecuadorian aquaculture. In
2014, P. vannamei culture generated an annual revenue
of 150 million dollars in Ecuador (FAO, 2012).
Moreover, the shrimp culture industry has been affected
by several viral and bacterial diseases (Lightner, 2011),
most importantly white spot syndrome virus (WSSV)
due to its high mortality rate (Rodriguez et al., 2003).

The WSSV was first discovered in the 1990s in
Taiwan (Wu et al., 2005), and is considered one of the
most pathogenic viruses in shrimp culture due to its
rapid transmission and large specimen mortality (Lo et
al., 1996). White spot virus (WSV) has a broad host
range and also infects other invertebrate aquatic
organisms, such as crab and crayfish (Wang et al.,
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1998). Due to the considerable mortality and economic
damage to the shrimp farming industry caused by
WSSV in the past decade (Witteveldt et al., 2004a),
extensive research on virus infection and replication
mechanism has been undertaken (Durand et al., 1997,
Wang et al., 2000; Wu et al., 2005).

In Ecuador, WSSV was first discovered in May,
1999. Research conducted by Rodriguez et al. (2003)
suggested an apparent association between lower
temperature and increased shrimp mortality rates. Thus,
given importance of this industry and the limitations of
high-intensity cultivation due to viral infections cau-
sing high mortality (Ramos-Carrefio et al., 2014;
Melena et al., 2015), particularly in extreme salinities
(50), the development of prevention methods against
WSV and other viruses would be necessary (Witteveldt
et al., 2004a, 2004b).
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Studies have shown that different compounds such
as f-glucans (Rendon & Balcazar, 2003) and
intramuscular injections (Melena et al., 2015) play a
protective role against viral diseases. In addition,
different findings in shrimp species and other
crustaceans, together with in vivo WSV challenge
infection experiments with Penaeus japonicas suggest
that a potential adaptive immune defense system may
exist (Kurtz & Franz, 2003; Namikoshi et al., 2004;
Chen et al., 2016). Additionally, results of larvae and
post-larvae of P. vannamei, challenged with inactivated
WSV, suggest a protective role against further
exposures, potentially as a result from a non-specific
antiviral immune response (Melena et al., 2006).

Thus, to investigate whether protection against
WSSV and a further increase in the survival rate could
be induced by injections of inactive WSV; juvenile
shrimps of 1 g were selected because growth stage,
feeding and environmental requirements can be easily
adapted (Sugathan et al., 2014). Overall, the specimens
were injected with a solution containing either
macerated shrimp tissue infected with inactive WSV
(Stim) or with a control solution without the virus
(Non-Stim) WSV, before being exposed to active WSV
injections or preserved shrimp tissue without any viral
infection (Prior et al., 2003).

Tissue samples for injections, containing both,
inactive WSV and non-infected WSV, were processed
and sterilized with 5% formalin solution to inactivate
the virus (Hiatt, 1964). TN buffer was replaced by 20
mM Tris-HCL, 0.4M NaCl, pH 7.4 (Prior et al., 2003).
Also, formalin was used to preserve the DNA quality
(Garcia et al., 2006) of the WSV within the samples,
and to avoid tissue putrefaction by killing bacteria and
fungi. To prepare the Stim solution, a 10 min incubation
of different macerated tissue (in 0.5% formalin)
dilutions were done. Once prepared, the lethal dose was
tested by injecting one gram specimens through
bioassay. The amount of formalin-treated WSV
inactive inoculum was the necessary to obtain a final
lethal dose of 100% (Labreuche, pers. comm.). The
same procedure was done to obtain the Non-Stim
solution. The amount of non-infected tissue, was
equivalent to the macerated infected tissue able to
produce a 10% mortality. Once the formalin treatment
was completed, both inoculate (infected and non-
infected) dilutions were centrifuged at 30,000x g for 1
h at 4°C. After centrifuging, the supernatant was
discarded and the "pellets" were recovered in 10 mL of
saline buffer. Subsequently, samples were centrifuged
once again at 30,000x g for 1 h at 4°C, to be then
resuspended in 5 mL of saline buffer prior to use.

Subsequently, a bioassay following the Prior et al.
(2003) but with only one dilution of the virus inoculum

was done. Mortality, after challenges, was measured to
infer the effect of inactive WSV exposure on the
survival rate of juvenile shrimps. To do this, 120
specimens were allocated to individual containers (one
animal per container) and separated into two groups,
each group having specimens exposed to Stim and
Non-Stim solutions. 100% water exchange was
performed daily and the specimens were fed with a
small piece of the pellet (commercially available), once
per day.

Sixty juvenile shrimps were injected, in the last
abdominal segment, with 20 uL of Stim solution. From
them, 30 shrimps were injected in the last abdominal
segment after 48 h with 20 uL of a solution containing
a concentration of shrimp tissue equivalent to a DL50,
whilst the remaining 30 specimens were injected with a
solution of active WSV. The same experiment and
protocol (20 uL injection after 48 h) were followed in
parallel for the Non-Stim group. The concentration of
tissue equivalent to a DL50 was used to match the
initial killing effect of the vaccination process.

Mortality rate was estimated using the Kaplan-
Meier analysis; a non-parametric maximum likelihood
estimate (MLE) of the survival function. The
estimation of significant differences in the survival rate
among groups was done using three different Kaplan-
Meier comparison tests. The P-value was calculated: 1)
using the log-rank test, 2) with the Wilcoxon method,
and 3) using the Tarone-Ware test. RStudio software for
Macintosh (Version 0.99.891-© 2009-2016 RStudio,
Inc), was used to perform the analysis and to plot the
Kaplan-Meier survival curves.

The experimental results showed a mortality of 20
shrimps (Table 1), which was equivalent to a 67%
mortality of the specimens firstly exposed to Stim
solution and subsequently challenged against the active
DL50 WSV-tissue dilution.

Shrimp tissue without WSV infection was
implemented as a negative control, considering the
potential toxicity effect of the tissue, particularly by
basic proteins such as histones (Reiner et al., 1942;
Marks et al., 2000). Furthermore, the specimens first
injected with Non-Stim solution and subsequently
challenged against the active DL50 WSV-tissue
dilution resulted in a mortality of 18 shrimps (Table 1),
which was equivalent to a 60% mortality. The analysis
of the controls of infection first injected with Stim or
Non-Stim solutions and further challenged against non-
infected virus tissue capable of causing a mortality of
50%, showed that no mortality was exhibited (Table 1).

Kaplan-Meier estimate showed that no differences
in survival were exhibited in the challenge bioassay
(Fig. 1). Log-rank test to evaluate the survival rate
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Table 1. Daily mortality. Detailed mortality results per hour and days during the assay. Daily mortality results measured
during the challenge bioassays (infection with a solution capable of causing a 50% mortality) in shrimps injected with
formalin-inactive WSV or non-infected shrimp tissue (organisms 1 g).

Time Non_-Stim Non-Stim Sf[im + Stim+
+ tissue + WSSV tissue WSSV

13/04-24 h 8h 0 0 0 0
14/04-08 h 16 h 0 0 0 0
14/04-16 h 24 h 0 0 0 0
14/04-24 h 32h 0 0 0 0
15/04-08 h 40 h 0 1 0 1
15/04-16 h 48 h 0 2 0 4
15/04-24 h 56 h 0 0 0 0
16/04-08 h 64 h 0 0 0 3
16/04-16 h 72 h 0 3 0 1
16/04-24 h 80 h 0 2 0 0
17/04-08 h 88 h 0 0 0 0
17/04-16 h 96 h 0 3 0 3
17/04-24h 104 h 0 0 0 0
18/04-08h 112 h 0 3 0 4
18/04-16 h 120 h 0 2 0 3
18/04-24h 128 h 0 1 0 1
19/04-08h 136 h 0 1 0 0
19/04-16 h 144 h 0 0 0 0
19/04-24h 152 h 0 0 0 0
20/04-08h  168h 0 0 0 0
20/04-16h 176 h 0 0 0 0

Total 0 18 0 20
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Figure 1. Kaplan-Meier survival plot. Kaplan-Meier
survival analysis plot (solid line), and confidence intervals
(dashed lines) of the experimental (stim + WSV; red line),
placebo (non-Stim + WSV; black line) and controls (non-
Stim and Stim + tissue; green line) groups.

across the assay, considering that the ratio of hazard
functions is the same at all time points, showed no
significant differences (P = 0.961). Wilcoxon method

was used to assign more weight to deaths at early time
points, in order to account for the higher risk of death
in the Non-Stim group over the Stim group. Results
showed no significant differences between the two
groups (P = 0.805). Similarly, the Tarone-Ware test,
considering early and late deaths due to manipulation
and bioassay conditions, showed no significant
differences (P = 0.749). Of relevance, as no
confirmatory tissue test to determine whether mortality
was specifically due to WSV infection; 100% survival
results in Stim and Non-Stim + noninfected tissue, were
considered as sufficient information to infer that
mortality was due to WSV infection yet not to the
injection method.

Moreover, our results contrast findings in Penaeus
japonicas and Penaeus monodon challenge infection
experiments (Namikoshi et al., 2004; Witteveldt et al.,
2004a), as well as larvae and post-larvae of P.
vannamei, challenged with inactivated WSV, and
juvenile P. vannamei exposed to WSV and IHHNV via
intramuscular injection (Melena et al., 2006, 2015).
These results exhibited a delayed mortality in the
specimens, suggesting a protective role against further
viral exposures injection (Melena et al., 2006, 2015).
Nevertheless, our results are in line with findings by
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Prior et al. (2003) showing that no increase in the
survival rate was given by injection of inactive virus,
under these experimental conditions. Thus, further
analysis should be conducted to elucidate whether 1)
WSV amount which is available to enter the specimen’s
system differs among injection methods or specimens,
2) strain virulence might differ among isolation sites,
favouring a higher/lower mortality rate, and 3) growth
stage and shrimp species would play an important role
by influencing the adaptation to stress stimuli and the
prevention of further infections (Witteveldt et al.,
20044, 2004b; Vaseeharan et al., 2006; Melena et al.,
2015; Chen et al., 2016).

On the other hand, nutritional compounds such as -
glucans (B-1,3-Glucan Binding Protein (BGBP) &
Lipopolysaccharide  Binding  Protein (LPSBP9)),
obtained from yeast and fungi cell walls (Raa, 1996),
have been associated with a response system against
pathogens by stimulating haemocytes phagocytosis and
inducing degranulation, as well as activating the
prophenoloxidase system (Vargas et al., 1996; Vargas-
Albores & Yepiz-Plascencia, 2000). In this context,
research conducted using probiotics, 3-1,3/1,6-glucans,
and bacteria (Vibrio alginolyticus and Bacillus subtilis),
challenged against WSV, showed a higher survival rate
compared to controls (Rodriguez et al., 2007; Chen et
al., 2016; Pham et al., 2017). Thus, hemocytes count,
together with transcriptional expression of immune
system genes (e.g., hemocytes) analysis in P.
vannamei, is necessary to substantiate whether species
and habitat characteristics might play a role in the
survival rate or if shrimps are in the capacity of
developing a potential adaptive immune response
system to prevent further infections.

To conclude, based on present-day results among
shrimp species infections to prevent mortality due to
further viral infections; considering Rodriguez et al.
(2000) suggestion -to activate the immune response
without depleting the specimen’s energy as an
alternative to limit the WSV proliferation in shrimps-
and with evidence of the immune system responding
efficiently after multiple vaccinations (Fonseca-
Moreno et al., 2013; Lin et al., 2013); an adequate
immune system activation in conjunction with the
fulfilment of the necessary nutritional requirements
could be conceived as “state of the art” to increase the
survival rate in shrimp farms.
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