


Vertical Transmission of White Spot Syndrome Virus (WSSV) under Different Salinities in Experimental Conditions 

ABSTRACT
This study examined how salinity influences the vertical transmission of White Spot Syndrome Virus (WSSV) in Litopenaeus vannamei cohabited with infected Scylla olivacea. Shrimp exposed to WSSV across salinities of 0-35 ppt showed clear disease symptoms, including white spots, cuticular whitening, and muscle opacification, with lesion severity greatest at low salinities. Kaplan–Meier survival analysis revealed a strong salinity-dependent response: mortality occurred earliest at 0-5 ppt, whereas salinities ≥20 ppt significantly delayed disease onset and reduced mortality rates. Statistical comparisons confirmed that higher salinity provided notable protection against rapid WSSV progression. These results demonstrate that although WSSV transmits efficiently under all salinity conditions, higher salinities suppress viral impact and improve survival outcomes. The findings highlight salinity as a key environmental factor influencing WSSV pathogenesis and offer practical guidance for managing disease risks in shrimp aquaculture, particularly in regions affected by seasonal salinity fluctuations.	Comment by User: The abstract should complete the fundamental problem of this research, followed by the objectives, research methods, results, and a brief conclusion at the end of the paragraph. Detail the research method in relation to the number of samples for each organism.
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INTRODUCTION
White Spot Syndrome Virus (WSSV) remains one of the most destructive viral pathogens affecting global shrimp aquaculture, capable of causing mass mortalities within days and resulting in substantial economic losses of billions of dollars annually (Walker & Winton, 2010; Bateman, 2021). Since its emergence in the early 1990s, WSSV has spread rapidly across Asia, Latin America, and parts of Africa, establishing itself as a major constraint in both intensive and extensive shrimp farming systems. Its exceptional virulence, coupled with an extraordinarily broad host range that includes penaeid shrimp, crabs, crayfish, lobsters, and even several non-crustacean invertebrates, has contributed to its global persistence and ecological impact (Desrina et al., 2022; Vlak, 2022). A key feature of WSSV ecology is its ability to survive for extended periods in seawater, pond sediments, decomposing tissues, and even frozen shrimp products (Momoyama et al., 1998; Peinado-Guevara & López-Meyer, 2006). The environmental resilience of the virus is further enhanced by its capacity to infect numerous reservoir organisms, including crabs (Scylla spp.), polychaetes, molluscs, and various benthic invertebrates, all of which can facilitate viral persistence in coastal ecosystems (Kanchanaphum et al., 1998; Laoaroon et al., 2005; Dela Peña et al., 2023). Recent work highlights that non-native species such as Procambarus clarkii and Holothuria scabra may also function as WSSV carriers, increasing the complexity of transmission dynamics in mixed-species environments (Rothman, 2024; Dela Peña et al., 2023).
Among the various transmission pathways identified, vertical transmission is recognized as the most significant mechanism responsible for rapid WSSV spread in cultured shrimp populations (Lotz & Soto, 2002; Cox et al., 2023). Transmission can occur through waterborne viral particles, cohabitation with infected crustaceans, ingestion of contaminated tissues, or contact with infected sediments (Tuyen et al., 2014; Takahashi et al., 1998; Momoyama et al., 1998). Cohabitation studies have repeatedly demonstrated that infected crabs serve as potent reservoirs capable of efficiently transmitting WSSV to shrimp even in controlled laboratory settings (Kanchanaphum et al., 1998; Laoaroon et al., 2005). However, the efficiency of vertical transmission is not constant; instead, it is strongly modulated by environmental factors most notably salinity.
Salinity is a critical environmental parameter in coastal and estuarine aquaculture systems, influencing shrimp physiology, immune response, osmoregulatory capacity, and susceptibility to pathogens (Shields et al., 2020; Uma, 2025). Several studies have reported that WSSV infectivity, virulence, and survival vary across salinity gradients, with intermediate salinity ranges often associated with heightened disease severity (Chang et al., 1998; Min et al., 2024). Sudden salinity fluctuations, common in monsoon-affected regions, can compromise shrimp immunity and trigger stress responses that facilitate viral replication and disease progression (Quang et al., 2009; Singh, 2025). Moreover, sediments in brackishwater ponds harbor WSSV particles that remain infective under varied salinity conditions, further increasing the risk of vertical transmission (Momoyama et al., 1998; Kumar et al., 2013). Understanding how salinity modulates WSSV transmission is particularly important for species such as Litopenaeus vannamei, which are widely farmed in low to moderate salinity environments and frequently cohabit with potential viral carriers such as mud crabs (Scylla olivacea) in natural and farm-adjacent waters. Despite extensive research on WSSV diagnostics and pathology including histopathology, PCR-based detection, LAMP assays, and serological tools (Lo et al., 1996; Kim et al., 2007; Nunan & Lightner, 2011; Kono et al., 2004) comparatively fewer studies have experimentally evaluated the influence of salinity on WSSV vertical transmission under controlled conditions.
The present study “Experimental Evaluation of White Spot Syndrome Virus (WSSV) Vertical Transmission under Different Salinity Conditions,” aims to address this critical knowledge gap by examining how salinity modulates disease expression, lesion severity, and successful vertical transmission from infected Scylla olivacea to Litopenaeus vannamei. By systematically evaluating gross pathology across a wide salinity range (0–35 ppt), this research provides valuable insights into how environmental salinity shapes WSSV progression in shrimp. Given the increasing frequency of salinity instability associated with climate variability, freshwater intrusion, and monsoon cycles, these findings have direct implications for biosecurity planning, farm management, and risk prediction in shrimp aquaculture systems.	Comment by User: Perhaps in this section, express the importance of conducting this research so that it becomes more focused.


METHODOLOGY
Collection of Experimental Animals
Naturally WSSV-Positive Scylla olivacea (Fig 1A) were collected from the Vellar estuary in the Parangipettai coastal region with the help of local fishermen. A subset of these crabs was screened using a PCR analysis to confirm WSSV positivity. WSSV-free Litopenaeus vannamei (Fig 1B) were procured from nearby commercial culture farms and transported to the laboratory in aerated containers. Upon arrival, shrimp were examined through wet-mount preparations and PCR to ensure the absence of WSSV infection before their use in the experiment.	Comment by User: write the number of samples used in this study
Experimental Design and Tank Setup
Seven salinity grades-0, 5, 15, 20, 25, 30 and 35ppt were established to represent the natural estuarine-marine salinity range. Each salinity level was cohabited with 1 WSSV-positive Scylla olivacea and 10 WSSV-free Litopenaeus vannamei. The salinity level was maintained using controlled water preparation and verified with a calibrated salinometer. Salinity was gradually adjusted during acclimation to avoid osmotic stress and maintained throughout the experimental period. For each salinity grade, six tanks were maintained: one control tank containing only WSSV-free shrimp, and five replicate exposure tanks (Replicates 1-5) in which WSSV-free L. vannamei were cohabited with naturally WSSV-positive S. olivacea. This setup resulted in 42 experimental tanks across all salinity treatments. Shrimp stocking density and donor-to-recipient ratios were kept constant across all tanks. All tanks were continuously aerated and maintained under identical environmental conditions except for salinity. Water-quality parameters such as temperature, dissolved oxygen, pH, ammonia and nitrite were monitored daily and maintained within optimal ranges to minimize confounding stress factors.	Comment by User: 7 and 70??
Cohabitation Exposure
Vertical transmission of WSSV was evaluated through cohabitation. At the start of the experiment, WSSV-positive S. olivacea were introduced into the replicate tanks containing WSSV-free shrimp to allow natural viral transmission via contact and waterborne routes. Control tanks at each salinity level contained only healthy L. vannamei and were maintained under identical conditions. All animals were monitored closely following acclimation, and any individuals showing non-WSSV-related health issues were removed.
Monitoring and Sampling
Tanks were inspected daily for behavioral changes, gross clinical signs of WSSV infection (such as white spots, cuticular opacification or lethargy), and mortality. Dead or moribund shrimp were removed promptly and examined through gross pathology, wet-mount screening, and PCR to confirm WSSV infection. Scheduled sampling was conducted at regular intervals to assess the progression of infection across salinity treatments. Donor crabs were periodically screened to verify their continued WSSV-positive status throughout the experimental period.
Survival and Statistical Analysis
Daily mortality of Litopenaeus vannamei cohabited with WSSV-infected Scylla olivacea was monitored for 24 days across seven salinities (0, 5, 15, 20, 25, 30, and 35 ppt), each containing five replicates (R1–R5). The “control” columns in the raw sheet represented unstocked compartments and were excluded.
Mortality counts were converted into individual time-to-event data to enable Kaplan–Meier analysis of delayed mortality patterns. For each shrimp:
· Time Days = the exact day mortality occurred
· Event = 1 for death, Event = 0 for censored survivors
· Shrimp surviving through Day 24 were right-censored
This long-format dataset allowed the estimation of onset of mortality, rate of decline, and delay in cumulative mortality under different salinities.
Kaplan–Meier Survival and Delayed Mortality Assessment
Kaplan–Meier (KM) survival curves were generated separately for each replicate (R1–R5) to assess replicate-level consistency in delayed mortality. KM curves were then pooled across replicates to estimate the overall survival pattern for each salinity treatment.
The KM framework allowed:
· Identification of time of first mortality
· Calculation of median survival
· Visualization of shift or delay in mortality onset
· Comparison of mortality acceleration between salinities
This approach directly quantified how salinity affects the timing and progression of WSSV-induced mortality.
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Figure 1. (A) Scylla olivacea, (B) Litopenaeus vannamei

RESULT
Gross Pathology
Gross examination of Litopenaeus vannamei revealed clear differences between shrimp maintained in control tanks and those exposed to WSSV-positive Scylla olivacea across all salinity treatments. Shrimp in the control groups at every salinity level (0-35ppt) appeared normal, exhibiting a translucent exoskeleton, intact pigmentation, firm musculature and active swimming behavior, with no evidence of white spots or cuticular abnormalities. In contrast, shrimp from the WSSV-exposed tanks displayed characteristic pathological signs of infection, with the severity varying according to salinity. The most prominent lesions included distinct white spots on the cephalothorax and along the dorsal cuticle, generalized carapace opacification, and reduced pigmentation. In several salinity treatments-particularly 10, 15, 20 and 25ppt infected shrimp showed more pronounced exoskeletal whitening, softening of the cuticle, and milky discolouration of the muscle tissue. Lethargy, reduced feeding response and erratic swimming were commonly observed preceding mortality. These gross abnormalities were absent in all control groups, confirming that the observed lesions were associated with WSSV exposure rather than salinity-induced stress. The presence and severity of classical white spot lesions across salinity treatments indicate that WSSV vertical transmission occurred successfully in the cohabitation system and that salinity played a modulatory role in the progression of external pathological signs.
Kaplan–Meier Survival Analysis and Delayed Mortality Assessment
Kaplan-Meier survival analysis revealed a clear salinity-dependent delayed-mortality pattern in Litopenaeus vannamei cohabited with WSSV-infected Scylla olivacea. Across all five replicates (R1-R5), mortality commenced earliest at low salinities, with shrimp at 0 and 5 ppt exhibiting the fastest onset of mortality (Day 11–12) followed by a rapid decline in survival. In contrast, shrimp maintained at 15 ppt showed a modest delay in mortality onset (Day 12–14) with a comparatively slower rate of decline. The most pronounced delay occurred at higher salinities (20, 25, 30 and 35 ppt), where the first deaths appeared considerably later (Day 13–16), and the reduction in survival was gradual, indicating a substantial suppression of WSSV progression. The delayed onset and slower mortality rate in high-salinity groups were consistent across all replicates, demonstrating strong internal reproducibility. Pairwise Mantel-Cox log-rank comparisons further confirmed these trends, with significantly lower survival at 0 and 5 ppt compared with 20–35 ppt (p = 0.001–0.004), reflecting early mortality versus delayed mortality differences. Although 15 ppt displayed intermediate survival, it was not significantly different from higher salinity groups (p = 0.06–0.09), suggesting partial protective effects. No significant differences were detected among 20–35 ppt (p > 0.85), indicating statistically equivalent survival profiles within this salinity range. Overall, the results demonstrate that increasing salinity progressively delays WSSV-induced mortality, with salinities ≥20 ppt offering the greatest protection by markedly postponing the onset and reducing the rate of disease-related deaths (Fig 2).	Comment by User: Sharpen the discussion
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Figure 2: Kaplan-Meier survival curve by salinity (All replicates combined)
 
DISCUSSION	Comment by User: The discussion is good and interesting. Try expressing your own opinion and connecting it to physiological aspects. It might be more interesting. After that, look for relevant references
The present study provides a detailed assessment of how salinity influences the vertical transmission and disease progression of White Spot Syndrome Virus (WSSV) in Litopenaeus vannamei when cohabited with infected Scylla olivacea. The findings clearly demonstrate that WSSV transmission occurred successfully across all salinity treatments, but the severity of clinical signs and the timing of mortality were strongly modulated by salinity. These results reinforce the understanding that environmental conditions particularly salinity play a decisive role in shaping WSSV pathogenicity, transmission efficiency, and host survival, consistent with observations from earlier studies in natural and cultured systems (Quang et al., 2009; Shields et al., 2020; Uma, 2025).


The appearance of classical white spot lesions, carapace opacification, cuticular whitening, and muscular discoloration in exposed shrimp aligns with the widely documented gross pathological manifestations of WSSV infection (Wongteerasupaya et al., 1995; Lo et al., 1996). Similar lesion profiles have been reported in experimental cohabitation trials where infected crabs, polychaetes, or conspecific shrimp served as viral reservoirs (Kanchanaphum et al., 1998; Laoaroon et al., 2005; Tuyen et al., 2014). The absence of lesions in all control groups across the entire salinity gradient confirms that the pathological changes were WSSV-induced rather than related to osmotic stress. This supports previous findings that, while extreme salinity may induce physiological stress, it does not mimic the distinctive gross pathology associated with WSSV (Chang et al., 1998; Kumar et al., 2013).
Importantly, the variation in lesion severity across salinity treatments suggests that salinity not only affects shrimp susceptibility but also modulates the internal viral replication rate. This observation is consistent with descriptions of salinity-dependent shifts in WSSV pathogenesis reported by (Shields et al., 2020), who emphasized that environmental fluctuations strongly influence disease outcomes.
Vertical transmission via cohabitation is well recognized as the most efficient natural pathway for WSSV spread in shrimp populations (Lotz & Soto, 2002; Cox et al., 2023). Consistent with earlier studies, the successful transmission from S. olivacea to L. vannamei in our experiment reaffirms the role of crabs as potent viral reservoirs (Kanchanaphum et al., 1998). Previous research has shown that crabs can retain WSSV for extended periods and infect shrimp even in water with varying salinity levels (Laoaroon et al., 2005), which aligns with our findings that WSSV spread readily in all salinity treatments from freshwater (0 ppt) to full seawater (35 ppt). However, our study provides new evidence demonstrating that while transmission occurs across all salinities, the progression of infection and onset of mortality are significantly influenced by the osmotic environment. Notably, this salinity-dependent variation mirrors trends observed in epidemiological studies of WSSV outbreaks in brackishwater systems, where moderate-to-high salinity environments correspond with reduced outbreak intensity or delayed disease expression (Quang et al., 2009; Uma, 2025).
Kaplan–Meier survival analysis revealed a clear trend: mortality occurred earliest and progressed fastest at lower salinities (0–5 ppt), while higher salinities (20–35 ppt) significantly delayed death and reduced the rate of decline in survival. These findings indicate that higher salinities suppress or slow WSSV pathogenic progression. This aligns with Chang et al. (1998), who reported that salinity directly affects WSSV infectivity and virion stability. Furthermore, earlier studies have suggested that hypoosmotic environments impose greater physiological stress on shrimp, impairing immune function and enhancing susceptibility to viral pathogens (Shields et al., 2020; Singh, 2025).
The delayed mortality at salinities ≥20 ppt in our study is consistent with reports showing enhanced survival and reduced viral replication at higher salinity levels (Min et al., 2024). These protective effects may be associated with improved osmoregulatory efficiency, enhanced hemocyte activity, and reduced viral replication rates under saline conditions. Similar trends were observed in WSSV transmission evaluations from crabs to shrimp, where delayed mortality was associated with salinity-induced modulation of host immune responses (Laoaroon et al., 2005).
The statistically equivalent survival profiles among 20–35 ppt treatments further indicate that once a threshold salinity is reached, additional increases provide no significant added benefit. This suggests a salinity “buffer zone” where WSSV virulence is substantially suppressed, echoing findings from earlier experimental infection studies (Kumar et al., 2013; Chang et al., 1998).
Several potential mechanisms may explain the strong salinity effects observed: Reduced Viral Stability in High Salinity: WSSV has been shown to lose infectivity more rapidly in higher salinity seawater due to osmotic pressures that destabilize virions (Chang et al., 1998; Takahashi et al., 1998). Enhanced Host Immune Competence: Moderate-to-high salinity promotes effective osmoregulation and hemocytic function in L. vannamei, which may suppress early viral replication (Shields et al., 2020; Singh, 2025). Reduced Stress-Induced Susceptibility: Low salinity is associated with increased physiological stress in marine shrimp, weakening immune barriers and promoting viral dissemination (Uma, 2025). Lower Viral Retention in Water: Viral particles may remain suspended and infective longer in low salinity environments, increasing host exposure, whereas in higher salinity, aggregation or inactivation may occur (Kumar et al., 2013). These mechanisms collectively align with the observed trends in gross pathology, lesion severity, and survival outcomes.
The findings have important implications for shrimp aquaculture, particularly in regions vulnerable to freshwater intrusion or monsoon-driven salinity fluctuations. The significantly increased mortality risk at salinities ≤10 ppt emphasizes the vulnerability of shrimp culture operations in low-salinity seasons. Furthermore, since wild reservoirs such as Scylla olivacea can efficiently transmit WSSV at all salinity levels (as shown in this study and by Kanchanaphum et al., 1998), salinity management alone cannot prevent viral entry, but maintaining salinity ≥20 ppt may reduce disease severity and delay mortality during outbreaks. Similar recommendations have emerged from broader epidemiological and biosecurity research (Hameed et al., 2003; Nunan & Lightner, 2011), highlighting the importance of salinity stabilization, especially during high-risk periods such as monsoon runoff.
CONCLUSION	Comment by User: Sort out the research objectives and summarize them.
This study clearly demonstrates that salinity plays a decisive role in shaping the vertical transmission and disease progression of WSSV in Litopenaeus vannamei. Although the virus successfully spread across all salinity treatments through cohabitation with infected Scylla olivacea, the severity of infection varied markedly with osmotic conditions. Shrimp maintained at very low salinities (0–5 ppt) experienced rapid onset of clinical signs, intense gross pathology, and early mortality, indicating heightened vulnerability under hypoosmotic stress. In contrast, shrimp held at higher salinities (20–35 ppt) showed delayed symptom development and a significantly slower decline in survival, suggesting that elevated salinity suppresses viral progression and enhances host resilience.
These findings highlight salinity as a key environmental factor that influences not only the course of WSSV infection but also the capacity of shrimp populations to withstand disease pressure. Identifying ≥20 ppt as a protective threshold offers practical guidance for aquaculture systems located in estuarine and monsoon-influenced regions where salinity often fluctuates. While salinity management alone cannot prevent viral introduction from natural reservoirs such as mud crabs, maintaining optimal salinity levels can reduce disease severity and provide producers with valuable time to implement mitigation measures. Overall, this study advances understanding of the host virus environment relationship and underscores the importance of environmental stability in strengthening WSSV management strategies for sustainable shrimp aquaculture.
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