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Introduction

The growing global population and increasing demand for healthy protein have made aquaculture,
particularly shrimp farming, a crucial solution. However, rapid industry expansion has led to disease
outbreaks like White Spot Syndrome Virus (WSSV), causing $20 billion in Asian losses over two decades
(Davies, 2016). Global farmed shrimp production surged from 50,000 tons (1975) to 4.5 million tons
(2018) (FAO, 2018), with Iran's production reaching 60,000 tons in 2022 and targeting 150,000 tons.
Intensive farming practices (up to 1.5 million PLs/0.8 ha) and excessive feeding (20-25% unused protein)
exacerbate disease risks. WSSV already affects 10-14% of Iranian farms (Madani, 2021), causing annual
losses of 5,000 tons (~$17 million) - potentially doubling by 2023. This study evaluates WSSV
transmission through contaminated imported feed using real-time PCR, comparing results with nested
PCR, histopathology, and control groups to address this critical biosecurity gap.

Methodology

This experimental study evaluated the potential transmission of White Spot Syndrome Virus (WSSV)
through imported shrimp feeds using four test groups: one control group fed WSSV-free feed (RT-PCR
negative) and three treatment groups fed RT-PCR positive commercial feeds (MPZ, MEF, and Flak). Each
group consisted of 90 PL5 shrimp (30 per replicate, 3 replicates) maintained in 150x30x50 cm glass
aquariums containing 60% sterilized coastal water with continuous aeration. The trial lasted 20 days with
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four daily feedings, alternate-day siphoning, and 20% water exchange. Survival rates were calculated and
compared statistically. For molecular analysis, samples from moribund shrimp underwent DNA extraction
using commercial kits, followed by TagMan RT-gPCR with specific WSSV primers (50°C for 2 min,
95°C for 10 min, then 40 cycles of 95°C/15 sec and 60°C/1 min) and nested-PCR using the 1Q2000 WSV
kit. Histopathological examination involved fixing six PLs per group in Davidson's solution, followed by
standard ethanol-xylene processing, paraffin embedding, 4um sectioning, and H&E staining. Data were
analyzed using one-way ANOVA with Tukey's post-hoc test (¢=0.05).

Results

The experimental feeds for groups 2-4 tested positive for WSSV by RT-PCR at an accredited veterinary
laboratory, with Ct values consistently above 30, indicating low viral genome loads (Figures 2-4). Survival
rates after 20 days showed no significant differences (p>0.05) between groups: control (95.55%), MPZ
(95.55%), MEF (97.77%), and Flak (94.44%) (Figure 5). Although the Flak group had slightly lower
survival, statistical analysis revealed no significant differences among groups. All shrimp samples tested
negative for WSSV infection through both RT-PCR (Table 2) and nested-PCR confirmation (Figure 6)
using the 1Q2000 kit. Histopathological examination of hepatopancreas, intestine, muscle and gill tissues
showed no viral inclusion bodies in any experimental group (Figures 7-10). The study results clearly
demonstrate that while traces of WSSV genetic material were detected in the imported shrimp feeds, these
findings do not indicate any actual disease risk. The high Ct values (above 30) from PCR testing show the
viral material present was minimal and likely non-infectious fragments rather than live virus. Most
importantly, after 20 days of feeding, comprehensive testing revealed no evidence of WSSV infection in
any shrimp across all experimental groups. All shrimp samples tested negative through both molecular
methods (real-time PCR and nested PCR) and histological examination, with no viral inclusion bodies
found in any tissues. The survival rates across all groups remained consistently high (94.44-97.77%) with
no statistically significant differences, confirming that the PCR-positive feeds performed just as well as
the control feed. This strongly suggests that the presence of viral genetic material in these imported feeds
does not translate to actual disease transmission or negative impacts on shrimp health and survival. The
consistent negative results across all diagnostic methods provide robust evidence that these feeds do not
pose a WSSV transmission risk under normal aquaculture conditions. These findings have important
implications for the shrimp farming industry, indicating that proper PCR testing can effectively distinguish
between non-infectious viral fragments and genuine disease threats in imported feeds. The findings
conclusively show that the presence of WSSV genetic material in imported feeds did not lead to actual
infection or affect shrimp survival under these experimental conditions.

Discussion and conclusion

This study aimed to assess the potential pathogenicity of shrimp hatchery feed that tested positive in real-
time PCR for white spot syndrome virus (WSSV). The results confirmed trace amounts of WSSV genetic
material in imported larval-stage feed (Figures 2-4), though high Ct values indicated low viral genome
levels, suggesting contamination rather than active infection. The detected genetic material likely
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originated from natural shrimp-based pigments or antioxidants added during feed production. While some
researchers claim WSSV is inactivated by heat or freezing, inconsistent global measures (sometimes
conflicting with OIE standards) have perpetuated uncertainty (Durand et al., 2000). Deadly viruses can
spread via:

1. Transport of infected live stocks (Schnurrenberger et al., 1987),

2. Bird vectors (Garza et al., 1997),

3. Import/reprocessing of frozen food (Humphrey, 1995).

Durand et al. (2000) found WSSV survives freezing/cold storage, prompting this study to evaluate
processing methods beyond freezing. WSSV has been detected in post-larvae (PL) of
various Penaeus species across different regions (Withyachumnarnkul et al., 2003), with multiple
potential transmission routes proposed. Vertical transmission was confirmed by Mohan et al. (1997), who
observed WSSV inclusions in reproductive organs and eggs of P. monodon. Momoyama et al. (1998)
reported WSSV survival after freezing, while Durand et al. (2000) suggested that block freezing could
degrade WSSV DNA, attributing viral inactivation to ice crystal damage or repeated freeze-thaw cycles
during processing.

Contradictory findings exist: Hasson et al. (2006) and Sritunyalucksana et al. (2010) noted WSSV
viability in frozen shrimp. However, Aranguren Caro et al. (2020) demonstrated that boiling WSSV-
infected shrimp for 1-30 minutes eliminated infectivity, despite gPCR detecting viral DNA (with no
significant Ct differences). Nested PCR and histopathology confirmed the loss of infectious WSSV in
boiled samples, with no pathological lesions observed—aligning with this study’s results (Figures 7—-10),
which suggest heat-treated feed poses no infection risk to broodstock. Experimental WSSV infection via
feeding contaminated shrimp tissue has been demonstrated (Chou et al., 1998; Hameed et al., 2002;
Momoyama et al., 1998). However, wild shrimp/crabs of unknown WSSV status are still used as feed in
some systems (Corsin et al., 2001). Few studies evaluate feeding practices' impact on WSD outbreaks.
While MPEDA/NACA found no link (Corsin et al., 2005), Vietnam associated higher feed amounts with
WSD incidence—possibly due to water quality or stocking density (Corsin et al., 2001). Contrary to this
study’s conclusion (no transmission via feed), Maeda et al. (1998) suggested commercial feed could
influence WSSV positivity. Similarly, Corsin et al. (2001) linked specific feed brands to WSSV presence
in harvested shrimp, though without disease correlation. In India, 43% of ponds used WSSV-positive feed,
with some brands showing higher contamination—Ilikely due to raw materials or milder processing
(Corsin et al., 2002). However, no direct feed-WSD relationship was found, implying low-quality feed
may weaken immunity, exacerbating natural infections. Pongmaneerat et al. (2001) observed no WSSV in
hemolymph after feeding WSSV-positive feed, despite oral transmission being highly effective (Soto and
Lotz, 2001). This study concludes that hatchery feed cannot transmit WSSV to post-larvae; real-time PCR
likely detects non-infective viral fragments from raw materials.
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Figure S: Percentage of shrimp survival in different groups after 20 days of research
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Table 2: Summary of the results of the quantitative polymerase chain reaction test of shrimp samples from each experimental group.
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Figure S: Vannamei shrimp (Lifopenaeus vannamei) in all 3 groups MEF, Flak and MZF (1, 2 and 3) after 20 days of
research indicating the absence of contamination of the samples. NC: Distilled water sample; PC: 2 positive control

samples; M: Marker (1Q2000 kit).
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Figure 7: Histological results of the control group without exposure to imported food. All tissues show lack of cellular
aggregation. Photographs 1 and 2: Hepatopancreas and hepatopancreas interstitial tissues, respectively (hematoxylin-

eosin staining at magnifications of 10 and 40, respectively); Photographs 3, 4 and 5: Intestinal, muscle and gill tissues,
respectively (hematoxylin-eosin staining at magnifications of 100, 10 and 10, respectively)
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Figure 8: Histological results of shrimp fed with imported MEF diet. All tissues show lack of cellular aggregation.
Photos 1 and 2: Hepatopancreas and muscle tissues, respectively (hematoxylin-eosin staining at magnifications of 4

and 10, respectively); Photo 3: Gills (hematoxylin-eosin staining at magnification of 100).
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Figure 9: Histological results of shrimp fed with imported FIk. food. All tissues show lack of cellular aggregation.
Photos 1 and 2: Hepatopancreatic and intestinal tissues, respectively (hematoxylin-eosin staining at 10 and 40
agnifications, respectively); Photo 3: Muscle (hematoxylin-eosin staining at 40 magnification)
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Figure 10: Histological results of shrimp fed imported MZF food. The tissues show lack of cellular compaction.
Photographs 1 and 2: Hepatopancreas and muscle tissues, respectively (the upper part of the photograph shows the
hepatopancreas) (hematoxylin-eosin staining at magnifications of 10 and 10, respectively)
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