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Health &
Welfare

Examining the horizontal transmission
of WSSV in Paci�c white shrimp

17 July 2023
By Dr. Kwang-Il Kim

A positive correlation between disease severity grade and
viral shedding rate of infected shrimp suggests WSSV
waterborne transmission depends on viral load, exposure
period

White Spot Syndrome Virus (WSSV), which causes White Spot Disease (WSD), is the most important
crustacean pathogen. Similar to most pathogens in invertebrates, the waterborne transmission route is
one of the most important horizontal transmission mechanisms for WSSV, along with cannibalism.
Therefore, understanding the waterborne transmission model is crucial to preventing the outbreak and
spread of diseases.

Notably, viral shedding (the expulsion and release of virus progeny following successful reproduction
during a host cell infection) and minimum infective dose are important parameters for estimating and
predicting viral loads in seawater, determining the exposure levels for naïve individuals, and
understanding the waterborne transmission mechanism of aquatic animal diseases. Several studies
have investigated the waterborne transmission of several important viruses, and although several
studies have established the severity grade of WSSV and investigated the minimum infective dose via
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immersion challenges, no studies have investigated waterborne transmission based on the correlation
between disease severity grade and viral shedding rate.

This article – summarized from the original publication (https://doi.org/10.3390/ani13101676) (Kim,
M-J. et al. 2023. Evaluation of the Horizontal Transmission of White Spot Syndrome Virus for Whiteleg
Shrimp (Litopenaeus vannamei) Based on the Disease Severity Grade and Viral Shedding Rate.
Animals 2023, 13(10), 1676 – presents the results of an investigation of the correlations among clinical
changes, disease severity grade, and viral copies of WSSV-infected shrimp using arti�cial WSSV-
infected Paci�c white shrimp (Litopenaeus vannamei) shrimp at different temperatures.

Study setup
Juvenile L. vannamei shrimp (2.03 ± 0.85 grams) were obtained from an aquaculture farm in Geoje,
Korea, and they were con�rmed to be WSSV-free using nested PCR. The shrimp were acclimated in a
250-liter aqua tank at 25 ± 0.5 degrees-C for one week and fed a commercial diet once daily. The virus
used in the present study was extracted from diseased L. vannamei shrimp in Taean, Korea in 2014.

This study investigated the horizontal transmission model of White Spot Syndrome Virus based on the
correlation between disease severity grade and viral shedding rate, and also determined the minimum
infective doses of WSSV via the waterborne route. Photo by Darryl Jory.
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(https://events.seafoodfromscotland.org/)

To determine the minimum infective dose of WSSV via the waterborne route, we performed immersion
challenges at different administration doses and exposure periods. And we veri�ed the minimum
infective dose of WSSV and its waterborne transmission dynamics based on viral loads in shrimp and
seawater via a cohabitation challenge. For detailed information on the experimental setup, animal
husbandry, WSSV challenges and molecular analyses and statistical analysis, refer to the original
publication.

Results and discussion
The viral shedding rate and minimum infective dose of WSSV are some of the most important factors
that need to be investigated in waterborne transmission models of aquatic animal pathogens.
Furthermore, because WSSV-infected shrimp exhibit various clinical changes (such as viral shedding
and mortality) that vary by severity grade, understanding the correlation between viral shedding and
severity grade is important for assessing the potential impact of infected shrimp on naïve individuals.

Our study investigated the correlation among severity grades, viral copies in pleopods and clinical
changes (viral shedding and mortality) of infected shrimp via injection challenges at different
administration doses and temperature conditions (experiments 1–2). Based on the correlation between
severity grades and viral shedding rates, we veri�ed the waterborne transmission of WSSV based on
minimum infective doses and viral loads in seawater via immersion and cohabitation challenges
(experiments 3–5).

Fig. 1: Horizontal transmission model of White Spot Syndrome Virus
based on the correlation between disease severity grade and viral
shedding rate. Adapted from the original.
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As infection and mortality inducible doses, shrimp administered 10 – and 10 -WSSV genome copies
exhibited 100 percent cumulative mortality at four and 10 days post-infection (dpi), respectively,
exhibiting signi�cant differences depending on the initial dose administered (Fig. 2A).

Based on the results of experiment 1, experiment 2 carried out a challenge test, administering 10 -
WSSV genome copies doses at a water temperature range of 20 to 30 degrees-C, which is commonly
reported in shrimp culture ponds. Although WSSV induced infection at 20 and 30 degrees-C water
temperatures, the optimal temperature range for WSSV propagation was reported to be 23 to 28
degrees-C. As in a previous study, the cumulative mortality of WSSV-infected shrimp was signi�cantly
increased in the shifting-up (80 percent) and shifting-down (87.5 percent) groups compared to the
constant (20 degrees-C; 27.5 percent) and constant (30 degrees-C; 47.5 percent) groups, which had the
same administered temperatures (Fig. 2B).

There is limited information on WSSV shedding in shrimp, but several previous studies have reported
that WSSV can be detected in seawater, even when the number of viral copies in shrimp is
approximately 10  to 10  copies per mg. These results suggest that the severity grade of G1 (threshold:
3.1 × 10  copies per mg) and G2 (threshold: 8.5 × 10  copies per mg) in shrimp su�ciently induce viral
shedding and mortality, respectively. As viability of the virus could not be determined via real-time PCR,
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Fig. 2: Cumulative mortality due to WSSV experimental infection for 14
days. (A) Experiment 1 (n = 30/group) performed intramuscular
injection using 10^5, 10^3, or 10^1 WSSV genome copies/shrimp at 25
degrees-C. (B) Experiment 2 (n = 20/group) performed intramuscular
injection with 10^3 WSSV genome copies/shrimp under four different
temperature conditions: constant (20 degrees-C), shifting-up (20 to 30
degrees-C), constant (30 degrees-C), and shifting-down (30 to 20
degrees-C), with each condition tested in duplicate. The dotted lines
indicated the water temperature each day, and the temperature shift
was carried out at a rate of 1 degrees-C/12 hours. The negative
control groups in experiments 1 and 2 were injected with phosphate-
buffered saline (PBS).
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further studies are needed to clarify the correlation between histopathological analysis and molecular
assays, including a combination of histopathological �ndings and viral viability determined using
viability PCR assays.

Viral shedding is essential for predicting virus loads in seawater and exposure levels for naïve
individuals in contact with infected individuals (or exposed to contaminated water) and could be a
useful tool for understanding the epidemiology of the disease. Results of other studies suggest that the
viral shedding rate positively correlates with the severity and viability of the host. Therefore, the severity
grades of shrimp and viral loads in seawater could be useful factors for determining disease severity
and tracking disease outbreaks in epidemiological studies.

Similar to the results of injection challenges, the infection progressed most rapidly at 25 degrees-C. In
the 20 and 30 degrees-C groups, mass mortality of the recipient groups occurred from 7 dpi, with
greater than 10  WSSV genome copies per mg of viral copies in pleopods (abdominal legs). In the
groups administered with 10  WSSV genome copies per shrimp, 100 percent cumulative mortality at 25
degrees-C was observed in both the donor and recipient groups. For the 20 degrees-C group, the
infection of the recipient group was con�rmed at 9 dpi, while the viral loads in seawater were exhibited
as 10  to 10  WSSV genome copies per mL. Furthermore, the maximum viral copies of pleopods
exhibited in the recipient groups coincided with the observation of mass mortality (30 and 25 degrees-
C: 9 dpi; 20 degrees-C: 11 dpi; Fig. 3).

Assessment of transmission risk in
cooked, WSSV-infected shrimp

Exported cooked shrimp infected with White Spot Syndrome Virus
(WSSV) and tested positive by PCR is considered a risk factor for the
introduction of the pathogen.
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Based on these results, we found that despite the in�uence of water temperature on the waterborne
transmission of WSSV, 10 , 10 , and 10  WSSV genome copies per mL in seawater could induce
waterborne infections within approximately one, three, and seven days, respectively. These results
suggest that waterborne transmission of WSSV is affected not only by the viral load in seawater, but
also by the duration of exposure. Therefore, to better understand the waterborne transmission of WSSV,
analyzing viral shedding is important for estimating its impact on naïve individuals.

In shrimp pond culture systems, the interaction between infected and naïve hosts could be crucial for
sustaining the viability of WSSV. A previous study investigated the viability of WSSV in seawater and
reported that WSSV could be preserved for up to 14 days in seawater under laboratory conditions.
Based on this and other studies, viral loads in seawater could be maintained through interactions with
hosts or vectors, and these interactions helped the WSSV remain viable for an extended period. To
clarify the horizontal transmission mechanism of WSSV in pond culture systems, further studies are
needed to investigate the more complex interactions, such as the in�uence of cannibalism and the
dynamics of WSSV among host species, vectors and reservoirs.

Fig. 3: Time-course mean viral copies of pleopods in recipients (n = 3)
and viral loads of seawater in experiment 5 (cohabitation challenge).
The values in each plot indicate the mean viral copies/mg (the
prevalence of each sampled shrimp) and mean viral copies per mL.
The gray block indicates values below the limit of detection (LOD) 95
percent value, and the white ‘x’ marked box indicates time points at
which no measurements were carried out due to all shrimp being
dead. Adapted from the original.
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Perspectives
We investigated the correlation between disease severity grade and clinical changes in the WSSV-
infected shrimp. Our results revealed that a severity grade of G2 (cut-off value: 10  copies per mg)
was su�cient to induce mortality in L. vannamei shrimp, and the infected shrimp with a severity grade
of G1 (cut-off value: 10  copies per mg) was able to shed the virus.

Based on the correlation between disease severity grade and viral shedding rate, we determined a
positive correlation between viral copies of the pleopods and viral shedding rate (y = 0.7076x + 1.414; p
< 0.001). Furthermore, challenge tests mimicking natural conditions (immersion and cohabitation
challenges) revealed that 10 , 10 , and 10  WSSV genome copies per mL of seawater could induce
waterborne infection within 1, 3 and 7 days, respectively.

Our �ndings on the WSSV waterborne transmission model can aid in understanding the dynamics of
WSSV in a pond culture system. Moreover, our results can be used to further elucidate the interactions
between species during disease outbreaks and the spread of WSD in pond culture systems.
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