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Abstract

Background and Aim: White spot disease (WSD) is a highly lethal and contagious viral disease in marine shrimp caused by
the white spot syndrome virus (WSSV). White spot disease impacts the worldwide crustacean aquaculture sector, including
Thailand. This study aimed to investigate the effect of farm management practices and wild carriers on WSD occurrence in
grow-out marine shrimp farms in Rayong Province, Thailand.

Materials and Methods: A longitudinal study was conducted using a structured questionnaire from June 2018 to June 2020.
A total of 186 questionnaires for 186 ponds were collected from 15 shrimp farms. Univariate and multivariable analyses
using generalized estimating equations were used to determine the risk factors associated with WSD. In addition, possible
carrier samples (wild shrimp and wild crabs) were collected inside and outside farms to test for the presence of WSSV.

Results: Direct discharge of treated wastewater into farm ponds was statistically significant in the final model (p < 0.01),
with an odd ratio (OR) factor of 0.097 (95% confidence interval [CI] of OR = 0.007-0.242). Pooled sampling for WSSV in
wild shrimp and crabs showed that 48 out of 936 (5.13%) samples tested positive for WSD using nested polymerase chain
reaction. The samples from banana shrimp, jinga shrimp, banded snapping shrimp, dwarf prawn, whiteleg shrimp, green
tidal crabs, and mangrove crabs tested positive.

Conclusion: Based on the findings of this study, we infer that the environment plays an important role in the spread of this
disease. The results of this study will provide insights into the effective planning of disease control.

Keywords: disease carrier, farm practices, water management, white spot disease.

Introduction Many risk factors for WSD and its outbreaks have

White spot disease (WSD) is a highly lethal been identified. For example, Corsin et al. [ 7] reported
and contagious viral disease in marine shrimp that is " association between farm management practices
caused by the white spot syndrome virus (WSSV). and outbreaks of WSD in ponds located close to the sea.
This double-stranded DNA virus is assigned to the The use of water sources shared with other farms [8]

genus Whispovirus, which belongs to the family and wastewater from processing plants [9] are consid-
Nimaviridae [1]. White spot syndrome virus is an ered potential risk factors for WSD. However, filtering

extremely virulent pathogen in cultured shrimp that the water before filling up culture ponds will prevent

causes 100% mortality within a few days of an outbreak the entry of species that could be disease carriers [1.0]'
in normal culture conditions [2]. White spot syndrome Researchers have reported that in Thailand, sourcing

virus can infect a wide range of aquatic crustaceans, water from communal canals, culturing shrimp year-

including marine shrimp and crabs [3]. White spot round, a single owner operating more than one farm,

disease impacts the worldwide crustacean aquaculture the presence OfWSD, 11 Previous crops, and the use.of
sector [4, 5]. The previous study has reported an esti- seawater were associated with WSD [11, 12]. Studies

mated loss of approximately 1 billion USD and a 15% in Rayong Province, Thailand, between October 2015

duction in elobal shri duction due to WSD [6]. anel September 2018 reported signiﬁcant.disease clus-
reduction tn gioba” Sarimp procuchion ctie fo 6] tering in ponds near the sea [13]. In addition to these

Copyright: Yaemkasem, et al. Open Access. This article is  risk factors, possible changes in the spatial effects

distributed under the terms of the Creative Commons Attribution s . . .
4.0 International License (http://creativecommons.org/licenses/ and temporal dlsFrlbutlons m e_aCh area of _the farmmg
by/4.0/), which permits unrestricted use, distribution, and system also require more studies to plan disease man-
reproduction in any medium, provided you give appropriate credit . : .

to the original author(s) and the source, provide a link to the agement' Although Wlldj ammals ?‘re known CarrleI:S
Creative Commons license, and indicate if changes were made. of WSD, there are no epidemiological reports of their
The Creative Commons Public Domain Dedication waiver (http:// ot : . : : : :
creativecommons.org/publicdomain/zero/1.0/) applies to the data assomatlo_n with WSD in pondlng sites 1n Thallar}d.
made available in this article, unless otherwise stated. An experimental study has shown that three species

Veterinary World, EISSN: 2231-0916 111


https://orcid.org/0000-0001-5743-3526

https://orcid.org/0000-0001-6478-2441

https://orcid.org/0000-0002-6146-8569

https://orcid.org/0000-0003-2002-2701
https://orcid.org/0000-0003-2968-9182

Available at www.veterinaryworld.org/Vol.16/January-2023/13.pdf

of crab (Sesarma spp., Scylla serrata, and Uca pugi-
lator) act as carriers of infection [14]. The injection of
WSSV into three crustaceans (the sand crab Portunus
pelagicus, the mud crab S. serrata, and the krill Acetes
spp.) led to all the krill dying in 3 days, while sand
and mud crabs showed 100% and 20% mortality in 8
and 9 days, respectively [14, 15]. Soowannayan and
Phanthura [16] reported the transmission of the virus
to penaeid shrimp by WSSV-infected red claw cray-
fish (Cherax quadricarinatus). Thus, finding infected
vectors in shrimp farms is an important step in plan-
ning effective disease control.

Rayong Province is in the eastern part of
Thailand and is connected to the Gulf of Thailand.
This province is an important intensive shrimp farm-
ing area in Thailand that is also an endemic area of
WSD. This study aimed to discover the most effective
way to control the disease, this study investigated the
effects of farm management practices and wild carri-
ers on WSD occurrence in grow-out marine shrimp
farms in Rayong Province, Thailand, to improve farm
biosecurity and control of WSD.

Materials and Methods

Ethical approval and Informed consent

The study was approved by the Department of
Fisheries committee for ethical considerations in ani-
mal usage (Approval no. U1-05341-2559 15).

Study period and location

A longitudinal study was conducted using a
structured questionnaire from June 2018 to June
2020 involving 15 volunteer marine shrimp farms in
Rayong Province. Observations were recorded based
on the owners’ convenience at the farms in Muang
District (n = 3) and Klaeng District (n = 12) without
interfering with their work.

Study framework, location, WSD status, and ethical
statement

In this study, the unit of interest was the pond
at each farm. In this regard, each farm was studied
for one to seven sequential pondings that might have
overlapped with the previous or subsequent cultiva-
tions. Before ponding, all batches of post-larvae (PL)
were prechecked for WSD, acute hepatopancreatic
necrosis disease, and Enterocytozoon hepatopenaei by
the local laboratory of the DOF, Thailand, and tested
negative before release.

Most shrimp farms in Rayong Province are
located near mangrove forests. Farms near the Gulf of
Thailand usually receive water from the sea or canal
directly, and it is, therefore, likely that wild crabs,
wild shrimp, or birds appear in water or farm areas.
However, farmers usually take the necessary biose-
curity measures to prevent disease transmission from
wild animals to cultivated shrimp, such as protective
fences, pond linings, bird protection, and water filtra-
tion systems.

The DOF protocol was used to confirm WSD
status during ponding. Observed symptoms included

moribund shrimp or living shrimp with white spots
on the exoskeleton (Figure-1) and a reddish body dis-
coloration, the presence of floating shrimp around the
edges of the pond surfaces, a decrease in food con-
sumption, and a surge in the mortality rate. Shrimp
suspected to have WSD are first tested by farmers
using WSSV strip test kits (EnBiotech Laboratories;
sensitivity = 34.7%, specificity = 100%). However,
for all suspected WSD ponds, the farmer must inform
the local DOF and bring at least 15 suspected shrimps
to the local DOF laboratory. A nested polymerase
chain reaction (PCR) is used to confirm the disease.
In the case of the absence of suspected WSD shrimp
before harvest, 60 normal shrimps collected at harvest
were checked for WSD using nested PCR [17, 18].

Data collection and questionnaire

Using a questionnaire, data on the activities of
15 target shrimp farms were collected on the day of
the visit. The questionnaire was designed based on
previous reports [11, 12, 17] and the authors’ own
field experiences.

The questions focused on farm management,
water management, and carrier control, including the
main risk factors of WSD. The questionnaire contained
both open and closed questions, and face-to-face inter-
views were also conducted with the respondents. The
questionnaire was verified by aquaculture and epide-
miology experts and initially tested on 20 farmers to
determine whether any corrections were required. The
corrected questionnaire was then discussed with local
fishery officers, who collected the data. In this study,
all respondents were farm owners or managers.

During the production cycle, depending on the
question, farmers were interviewed twice on stock-
ing and harvesting days during cropping. To prevent
recollection bias, questions addressing the source of
the PL, pond preparation, water preparation, biosecu-
rity, and the appearance of wild carriers were asked
on stocking day. On harvesting day, all remaining
questions were asked, such as those concerning the
occurrence of wild carriers during cultivation, water
management, feed management, human control,
farm practices, farm environment, and disease status.
Farmers were also asked about any use of other tech-
niques or activities that might have caused a WSD
outbreak — for example, any biosecurity measures
they forgot to follow.

Carriers

Possible carrier samples (wild shrimps and wild
crabs) were collected inside and outside the farms
using the convenience sampling method. In each sam-
pling, five carriers from each species were pooled
as one sample. In this study, the sites of carrier col-
lection were divided into two categories: (1) Inside
the farms and surrounding areas, and (2) outside the
farms. Inside the farms and the surrounding areas,
possible carrier samples were collected at night in res-
ervoirs, inlet canals, drainage ponds, and communal
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Figure-1: Infected whiteleg shrimp (a) and some infected carriers (b) of white spot disease (c) confirmation of white spot
disease virus using gel electrophoresis of 1,447 and 941 bp nested polymerase chain reaction amplicons. Positive samples

are shown in columns 7-9.

canals (15 stations x 3 seasons x 60 carriers = 2,700/5
= 540 pooled samples). The specimens sampled were
banana shrimp (Fenneropenaeus merguiensis,n=21),
jinga shrimp (Metapenaeus affinis, n = 16), banded
snapping shrimp (A4lpheus euphrosyne, n = 2), dwarf
prawn (Macrobrachium equidens, n = 53), whiteleg
shrimp (Litopenaeus vannamei, n = 12), green tidal
crabs (Varuna yui, n = 208), and mangrove crabs
(Episesarma spp., n = 228). Outside the farms, pos-
sible carriers were collected from water sources along
the coastline of Rayong Province (11 stations x 3 sea-
sons x 60 carriers = 1980/5 = 396 pooled samples).
The samples consisted of banana shrimp (n =9), Jinga
shrimp (n = 8), dwarf prawn (n = 25), whiteleg shrimp
(n = 1), green tidal crabs (n = 187), and mangrove
crabs (n=166). In total, 936 pooled samples were sent
to a DOF laboratory for WSD detection using nested
PCR.

Laboratory testing

All shrimp samples and carriers were tested
using nested PCR [17-20]. The primer sets
146F1 (5" ACTACTAACTTCAG CCTATCTAG 3
/146R1  (5'TAATGCGGGTGTAAT GTTCTTAC
GA 3') and 146F1/146R1 plus 146F2 (5 'GTAACT-
GCCCCTTCCATCTCCA 3')/146R2 (5" TACGGC
AGCTGCTGCACCTTGT 3'), respectively, were used
for the first and nested steps. The PCR mixture for
both reactions consisted of a DNA-free water 2.20 uL/

sample, a 2x PCR master mix 5 uL/sample (Sigma),
a 10 uM W146F1 primer 0.2 uL/sample, a 10 uM
W146R1 primer 0.2 pL/sample, a 5 uM EF1aS-F
0.2 uL/sample, and a 5 uM EF1aS-R 0.2 uL/sample.
The cycling conditions for the first step assays were
94°C for 3 min 1 cycle, 94°C for 30 s, 60°C for 30
s 15 cycles, 72°C for 30 s, and a final extension step
at 72°C for 3 min 1 cycle. In the first step reaction,
10 uL was used as a template for the nested PCR. The
cycling conditions for nested assays were 94°C for
3 min 1 cycle, 94°C for 30 s, 60°C for 30 s 30 cycles,
72°C for 30 s, and a final extension step at 72°C for
3 min 1 cycle. The products were visualized in 1.5%
agarose gel electrophoresis containing 2 uL. SERVA
DNA gel stain. The expected amplicon sizes were
1447 and 941 bp, respectively, for the first and nested
step reactions (Figure-1). In addition, the epidemio-
logical sensitivity and specificity of this nested PCR
were 97.3% and 100%, respectively [15].

Statistical analysis

Univariate and multivariable analyses using
generalized estimating equations (GEEs) were used
to determine the risk factors associated with WSD
using the R package [21] “geepack™ [22, 23]. The
quasi-information criterion (QIC) function was used
for model selection [24]. In addition, ArcGIS release
10.8.2 (ESRI, Redlands, California, USA) was used
for mapping.
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Results

General information

A total of 186 questionnaires for 186 ponds
were collected from 15 shrimp farms. Most farms
(98.39%) raised a monoculture of whiteleg shrimp
(183/186), and only 1.61% (3/186) of ponds raised
a monoculture of black-tiger shrimp (Penaeus
monodon). Most farms were under cultivation
with small pondings. It was found that 10 farms
(66.67%) contained two to five active ponds. The
remaining four farms (26.67%) contained 6—10
active ponds, and one farm (6.67%) contained
more than 10 active ponds. The PL was from Trad,
Chachoengsao, Chonburi, and Rayong. During the
study, the median price for PL was 0.185 baht (min-
imum-maximum: 0.08-0.50) per larvae. Farmers
began raising the shrimp at PL 12 and median stage
PL 13.5 (minimum-maximum: 12-36). For farm
biosecurity, 4/15 (26.67%) farms used a fence,
10/15 (67%) used a bird net, 6/15 (40%) used a
crab fence, 14/15 (93.33%) used a water filter, and
13/15 (86.67%) used a water disinfectant. Only one
(6.67%) farm used all the control measures — that
is, disinfecting vehicle tires, using bird nets and crab
fences, and disinfecting people before they entered
the farms. The managers of 6/15 farms (60%) were
responsible for multiple farms. Only one farm
(6.67%) lacked a reservoir for water stocking, water
filtration, and wastewater management.

Univariate and multivariable analysis

For univariate analysis, three variables were sta-
tistically associated with WSD occurrence (p < 0.05;
Table-1): The lack of a reservoir pond, addition of
water into ponds during the stocking period, and
direct discharge of wastewater after proper treat-
ment. On further analysis of the three variables

using multivariable GEE, one variable was found
to be statistically significant in the final model (p <
0.01). Directly discharging wastewater after proper
treatment (Table-2) yielded an odd ratio (OR) of
0.097 (95% confidence interval [CI] of OR = 0.007—
0.242). In contrast, farms directly discharging waste-
water into natural resources without proper treatment
were at a 10.309 (1/0.097) times greater risk of WSD
occurrence than those that discharged water after
proper treatment. In addition, the QIC value of the
final model was 201.12 using exchangeable covari-
ance, and the final model was also calculated using
independent covariance (QIC = 207.24). We found
that the QIC for the exchangeable term was lower
than that of the independent term. This indicates that
the final model registered a lower correlation struc-
ture value.

Detection of WSSV in carriers

As pernested PCR, 48 of the 936 (5.13%) pooled
samples tested positive for WSD. Inside the farms
and surrounding areas, it was found that 26 of the
540 (4.81%) samples had positive WSD results,
including banana shrimp (2/21; 9.52%), jinga
shrimp (13/16; 81.25%), banded snapping shrimp
(1/2; 50%), dwarf prawn (7/53; 13.21%), white-
leg shrimp (1/12; 8.33%), and green tidal crabs
(2/208; 0.96%), but no mangrove crabs (0/228;
0%). Outside the farms, 22 of the 396 (5.56%)
samples were positive for WSD, including banana
shrimp (2/9; 22.22%), jinga shrimp (2/8; 25%),
dwarf prawn (4/25; 16%), whiteleg shrimp (0/1;
0%), green tidal crabs (13/187; 6.95%), and a man-
grove crab (1/166; 0.60%). The appearances of
some infected carriers in this study are shown in
Figure-1. In addition, the locations of the infected
carriers are shown in Figure-2.

Table-1: Univariate analysis of risk factors for white spot disease in marine shrimp farms in Rayong, Thailand.

Factors Number of infected Number of p-value
ponds (%) non-infected ponds (%)
Lack of a reservoir pond (reference = no) 44 (23.65) 123 (66.13) 0.01
Have a reservoir 3(1.61) 16 (8.60)
Addition of water during stocking period 29 (15.59) 113 (60.75) 0.01
(reference = yes)
None 18 (9.67) 26 (13.98)
Direct discharge of wastewater with 19 (10.21) 16 (8.60) < 0.01
Proper treatment (reference = no)
Yes 28 (15.05) 123 (66.13)

Table-2: Final model of risk factors for white spot disease in marine shrimp farms in Rayong, Thailand. The correlation

structure is exchangeable.

Factors Estimate SE OR 95% CI Wald p-value
Intercept (exchangeable term) 0.648 0.667 - - 0.94 0.33
Direct discharge of wastewater after - - -
Proper treatment (reference = no)

Yes -2.336 0.563 0.097 0.007-0.242 17.24 < 0.01
SE=Standard error, OR=0dds ratio, CI=Confidence interval, Quasi-information criterion (QIC) of exchangeable
term=201.12, QIC of independence term=207.24
Veterinary World, EISSN: 2231-0916 114
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Figure-2: Map of Thailand and Rayong Province showing sampling sites and positive sampling sites associated with the
white spot syndrome virus in wild carriers [Source: Map generated by ArcGIS 10.8.2 software].

Discussion

In this study, the final GEE model showed that
the direct discharge of wastewater after proper treat-
ment was the only factor associated with WSD occur-
rence on shrimp farms. Possible carriers for WSSV
were detected both inside farms and the surrounding
areas and outside farms. Using nested PCR, it was
found that 5.13% of wild shrimp and crabs tested pos-
itive for WSSV. The percentages of positive WSSV
samples from inside farms and the surrounding areas
and outside farms were 4.81 and 5.56, respectively.

The study also revealed that the direct discharge
of wastewater after proper treatment protected against
WSD. However, the release of wastewater without
prior treatment into natural resources by several farm-
ers resulted in the possible spread of WSSV and sub-
sequent circulation in the farming area. This calls for
the relevant authorities to educate farmers about exer-
cising caution on this issue. The previous study [25]
has also shown that the virus is readily transmitted
from diseased to healthy susceptible shrimp through
contaminated water. Using sodium hypochlorite,
which releases free chlorine in the water (> 100 ppm;
10 min) [1], and retaining this water within the farm
can also reduce the spread of the disease. In addition,
a quick response aids in the prevention of disease
spread to other ponds in the same farm, other farms in

the region, or the natural environment. Furthermore,
the sharing of water sources between farms poses a
risk and is strongly correlated with the presence of
WSD in adjacent farms [26]. Discharged water can
lead to contamination, both on the farm where the
water is discharged and on other farms [8]. Drawing
water from communal canals, culturing shrimp year-
round, and a single owner operating more than one
farm are risk factors for WSD [11]. Contamination can
also come from sludge removed from the bottoms of
ponds [27]. These facts indicate that the introduction
or release of water from a farm is critical in preventing
diseases, and that farmers must keep a strict vigil at all
times. However, it was found in this study that factors
related to the introduction of water for ponding were
not statistically significant. Hence, it is concluded
that farmers during the study period in this area might
have neglected other issues related to the discharge of
wastewater from their farms.

Based on our field observations, winds and
storms can transport water contaminated with WSSV
from the sea to nearby shrimp farms, increasing the
risk of WSD occurrence. In this study, it was also
found that many farmers did not follow protective
measures, such as building fences to protect against
possible infected carriers from outside the farms
during ponding, making the farms more vulnerable
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to WSD infection. In this regard, relevant agencies
must instruct farmers to find ways to mitigate the risk.
In addition, we found that the percentage of positive
WSSV samples from inside the farms and surrounding
areas and outside the farms were similar. This phe-
nomenon demonstrates that biosecurity measures to
control or prevent the appearance of carriers within
a farm are one of the key measures for reducing the
chances of disease transmission from exposure to
infected carriers.

Our study showed that positive wild shrimp
samples were more common than positive crab sam-
ples, which contrasts with a prior observation that
WSSV infections were more common in wild crabs
than in wild shrimp [28]. This may be due to spatial
heterogeneity. However, positive results for WSSV
in wild shrimp and crabs indicated that WSSV cir-
culates in the environment, both inside and outside
farms. Therefore, environmental protection measures
to prevent the spread of disease in farms are import-
ant. In addition, the reduction of pathogens in natural
resources is the responsibility of the relevant author-
ities and farmers and is consistent with the risk fac-
tors reported in this study. However, due to budget
limitations, the authors were unable to determine the
DNA-level correlation between WSSV-positive sam-
ples in cultured shrimp and carriers. This aspect will
be investigated in future studies.

A few reports from Thailand Provide evidence of
WSSV infection from wild carrier samples collected
from natural resources. Hamano et al. [29] detected
WSSV in wild P monodon in another province of
Thailand. This may indicate that wild WSSV-infected
shrimp commonly appear in Thailand’s environment.
In terms of temporal variation, the relevant authori-
ties should set up a surveillance system to study and
understand the prevalence of WSD in wild carriers
and the genetic variations of WSSV. This will provide
important information on disease transmission, which
can help us implement more effective disease control.
Therefore, this study emphasizes the importance of
reporting the major risk factors and the presence of
WSSV in natural carriers.

Conclusion

The direct discharge of wastewater after proper
treatment was the only statistically significant factor
associated with WSD occurrence. Among wild carri-
ers, those that tested positive for WSSV were banana
shrimp, jinga shrimp, banded snapping shrimp, dwarf
prawn, whiteleg shrimp, green tidal crabs, and man-
grove crabs. The results of this study will be useful in
planning disease control.
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