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ABSTRACT: The purpose of this study was to determine risk factors for white spot disease (WSD)
in Rayong, Thailand. A study was conducted from October 2014 to March 2015 to identify poten-
tial farm-level risk factors using a validated questionnaire. We completed 1 questionnaire for each
farm; a total of 38 questionnaires from the case farms and 127 questionnaires from the control
farms were collected. The results showed that the presence of WSD in previous crops and the use
of seawater were risk factors (p < 0.01), indicating that the environment plays an important role in
WSD outbreaks in Rayong. Good management practices for pond preparation and other mitiga-
tion steps should be part of a control measure program for WSD in this region.
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INTRODUCTION

White spot disease (WSD) is a highly fatal and con-
tagious disease in marine shrimp that is caused by
the white spot syndrome virus (WSSV). The disease
is globally distributed. The first official reports of
WSD were confirmed in Taiwan and China in 1992
(Chou et al. 1995, Flegel 1997, Zhan et al. 1998). The
virus was then reported from other countries in Asia
and the Americas (Flegel & Alday-Sanz 1998, APHIS
1999, Walker & Mohan 2009). In Asia, it was esti-
mated that the economic impact of WSSV was $US 4
to 6 billion between 1992 and 2002 (Lightner 2003).
The application of disease control measures would
have significantly lessened the economic impacts of
these disease incursions (Cock et al. 2009). There-
fore, studies of risk factors associated with WSD are
needed to better understand the disease pattern in
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different geographical locations, and to enable rele-
vant authorities to apply the most appropriate control
measures for their region.

WSSV is hosted in crustaceans such as shrimp,
crabs, crayfish, and lobsters (Maeda et al. 2000,
Mello Junior et al. 2011, OIE 2014). The virus has the
potential to infect its host through vertical (Lo & Kou
1998) or horizontal routes (Tuyen et al. 2014). How-
ever, the most frequent route of transmission is either
through an infected carrier or contaminated water
(Rajendran et al. 1999, Flegel 2006, Waikhom et al.
2006). The virus is more likely to proliferate in a host
that is exposed to stressful conditions (Jiravanich-
paisal et al. 2004, Du et al. 2006, OIE 2014). Reddy et
al. (2013) explained that contamination of farm water
sources by wastewater from plants processing in-
fected shrimp can cause dissemination of WSSV.
Tendencia et al. (2010) showed that fluctuations in
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temperature and pH affected the shrimp and influ-
enced WSD infection. Corsin et al. (2003) indicated
that, in Karnataka, India, potential risk factors for
WSSV included improper salinity in transportation
bags, improper post-larvae (PL) length, and late
stocking date. However, very little information is
available about risk factors at the pond or farm level.
Corsin et al. (2001) reported that the location of a
pond close to the sea was a risk factor in Vietnam. In
the Philippines, an important risk factor was feeding
live mollusks to the shrimp (Tendencia et al. 2011).
Recently, in Thailand, Piamsomboon et al. (2015)
indicated that risk factors included the sourcing of
water from communal canals, the use of year-round
cultures, and an owner operating multiple farm sites.
The purpose of the present study

for WSD, a farmer had to have called in a report to
the local DoF and had to have brought at least 15 sus-
pected shrimp to the laboratory. The following clini-
cal signs were used to define the suspected cases and
identify suspected shrimp: moribund shrimp or living
shrimp with white spots on the exoskeleton with a
reddish discoloration of the body, the presence of
floating shrimp around the edges of the pond's sur-
face, a decrease in food consumption, or a surge in
the mortality rate (OIE 2014). The suspected shrimp
were confirmed wusing WSSV strip test Kkits
(EnBiotech Laboratories; sensitivity = 34.7 %, speci-
ficity = 100 %) and/or the polymerase chain reaction
(PCR) method (OIE 2014). Farms with at least 1
infected shrimp were assigned to the case group. The

was to identify farm-level risk factors
for WSD in Rayong, Thailand. Results
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of this study will be used to improve
or establish measures that can be
used to prevent or control WSD in
this area. This will reduce the eco-
nomic losses of farmers in Rayong. In
addition, conclusions from this study
may also instruct disease evaluation
and control in other geographical
areas, both inside and outside Thai-
land.

MATERIALS AND METHODS

Target population and
study framework

All active marine shrimp farms in
Rayong were examined in this study.
We selected this area because mar-
ine shrimp culture is predominant.
Most of the farms in this area are
located in 2 districts: the Mueang
Rayoung District and the Klaeng Dis-
trict (Fig. 1). A study was conducted
from October 2014 to March 2015 to
identify potential among-farm (farm-
level) risk factors using a validated
questionnaire. At the initiation stage
of this study, the laboratory results
from passive surveillance by the
Department of Fisheries (DoF) of
Thailand were used to categorize
shrimp farms as either cases or con-
trols. To qualify as a suspected farm
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Fig. 1. Geographic distribution of the farms sampled in Rayong, Thailand (co-
ordinates: UTM system). Case (red triangle) and control (blue triangle) farms
are represented by different colored symbols
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control farms were all the remaining farms in which
clinical signs of WSD were absent over the study
period. At the end of the production cycle, the pro-
duction index, mortality rate, and feed conversion
ratio of all control farms were also checked for verifi-
cation their status. A questionnaire was administered
to 38 case farms and 127 control farms.

Questionnaire design and factors associated
with WSD

The questionnaire contained both open and closed
questions that were asked of the respondents in face-
to-face interviews. Aquaculture (n = 2) and epidemi-
ology (n = 1) experts proofread the questionnaire and
provided their feedback to clarify any unclear infor-
mation in the questions and to strengthen the items
in the questionnaire. Before starting data collection,
the questionnaire was tested using 20 farmers. Then,
the questionnaire was discussed with local fisheries
officers (n = 2) who performed the data collection.

The identification of risk factors was based on a lit-
erature review (Flegel et al. 1997, Corsin et al. 2001,
2005, MPEDA/NACA 2003, Esparza-Leal et al. 2009,
Gao et al. 2011, Tendencia et al. 2011, Pradeep et al.
2012, Kumar et al. 2013, Reddy et al. 2013, OIE 2014)
and the field experiences of the present study's
authors. Questions focused on 8 main issues that cov-
ered the disease status of the farm, potential risk fac-
tors, respondent’'s information, farm characteristics,
farm environment, farm management, presence of
the vector, and geographic information (Table 1).

Data analysis

Descriptive, univariate, and binary logistic regres-
sion analyses were conducted using NCSS 11 statis-
tical software (NCSS). The WSD status of a farm
was used as the dependent variable. In univariate
analysis, all independent variables (Table 1) were
analyzed using a chi-squared test with o = 0.05.
Continuous independent variables were converted
to binary outcomes using their medians as cut-off
points (Corsin et al. 2001). To compensate for the
small values, the Zero Count Adjustment value was
applied to all count data by adding one. Then, sig-
nificant factors from univariate analysis were
included for variable selection using all possible
regressions. In this method, the factors with high R-
squared values and the smallest of the square root
of the mean square error were selected. The
selected set of independent variables was used in
binary logistic regression. Moreover, during the
analysis all independent variables were checked for
multicollinearity using Pearson's correlation. For
mapping display, ArcGIS version 10.3.1 (ESRI) was
used for data visualization.

RESULTS
General information
A total of 165 questionnaires were collected from

all active shrimp farms during the study period. By
this study's definition of cases, the farm-level pre-

Table 1. Factors possibly associated with white spot disease (WSD). WSSV: white spot syndrome virus; PL: post-larvae

Type of factor Factors

Dependent variable
Disease status
Independent variables
Biosecurity measures

screening test

Farm characteristics

Feeding management
General information
Geographical factors
Pond preparation

Water management
retention

Clinical signs confirmed by laboratory results

Bird and crab protection; Use of fencing; Control of people and cars before entry to the farm; Con-
trol of pet animals; Lining type; Vector control; Disease protection; Waste management; WSSV

Farm location; Pond characteristics; Disease history; Source and characteristics of the PL; Source
of water and usage method; Stocking density

Source and type of feed; Use of antibiotics; Use of natural feed; Use of probiotics and supplements
People at the farms; The farm's experience with the culture; The culture method used
Distance to roads; Distance to the sea; Distance to neighboring farms

Chemical usage; Liming; Water preparation; Tea seed cake application; Sludge removal; Plow-
ing; Drying and flushing before stocking
Sedimentation; Water added; Water coloring; Water filter; Water reuse; Water treatment; Water
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valence of WSD in Rayong was 23.03% (38/165).
The results indicated that most of the farms raise
shrimp by monoculture with Penaeus vannameli.
During the study period, only 2 farms (1.21%)
raised a monoculture of P. monodon. According to
the number of active ponds in each farm, 75 farms
(45.45%) contained 1 to 5 ponds, 78 (47.27 %) con-
tained 6 to 10 ponds, and 12 (7.27 %) contained
more than 11 ponds. PL were sourced from hatch-
eries located in Trad, Chachoengsao, Chonburi,
Chumphon, and Songkla. Before the PL were sent
to farmers, either the DoF or a private laboratory
sampled all the batches and tested for WSD using
PCR. All batches tested negative for WSD. When
the PL batches were moved to the ponds, all of the
hatcheries packed them into plastic tanks. The esti-
mated number of PL in each tank was 35000 to
50000 per 100 1 of water. During the study, the
average (range) price for PL was 0.11 (0.06-0.14)
Baht larvae™ (~$US 0.0034 [0.0018-0.0043] larvae™?).
The farmers began raising the shrimp at PL 12
(range: 10 to 18). For farm-level biosecurity, 124
farms (75.15%) utilized a fence. Only 19 farms
(11.52%) applied visitor biosecurity measures, for

example, by using vehicle tire disinfection and visi-
tor disinfection protocols (showers and changing
clothes), before entering the farms.

Univariate analysis and binary logistic regression

Univariate analysis using the chi-squared test
identified 9 significant risk factors for WSD (Table
2). The DoF staff visiting the farm during the culture
process, the truck and driver of the feed company
visiting the farm during the culture process, and the
use of probiotics during the culture process were
significant protective factors (p < 0.05). A positive
WSD designation in a previous crop, a stocking
density of more than 100000 PL per 0.16 ha, use of
water from the sea, and use of added water during
culture without disinfection were significant risk
factors (p < 0.05). These factors were analyzed by all
possible regression methods, and it was found that
the truck and driver of the feed company visiting
the farm during culture could be removed from the
model. The final model of binary logistic regression
is shown in Table 3.

Table 2. Farm-level univariate analysis of risk factors for white spot disease (WSD) in marine shrimp farms in Rayong, Thai-
land. To compensate for the small values in WSD-positive and WSD-negative columns, the Zero Count Adjustment value was
applied to all counts by adding one. OR: odds ratio; PL: post-larvae; DoF: Thailand Dept. of Fisheries

Factors

WSD-positive WSD-negative OR (95% CI) P

Farm with WSD in a previous crop
No
Yes

DoF staff visited during the culture
No
Yes

Stocking density >100 000 PL per 0.16 ha
No
Yes

Source of water from the sea
No
Yes

No
Yes

Use of probiotics during the cultivation period
No
Yes

No
Yes

No
Yes

Truck and driver of feed company visited during the culture

Water added without treatment during the cultivation period

Water held in a reservoir for >7 d before applying it to the culture

23 (57.50) 17 (13.18)  8.91 (4.00, 19.88) <0.01
17 (42.50) 112 (86.82)
23 (57.50) 106 (82.17)  0.29 (0.14,0.63) <0.01
17 (42.50) 23 (17.83)
25 (62.50) 54 (41.86)  2.31(1.12,4.76)  0.02
15 (37.50) 75 (58.14)
15 (37.50) 23 (17.83)  2.77 (1.28,6.01)  0.01
25 (62.50) 106 (82.17)
22 (55.00) 95 (73.64)  0.44 (0.21,0.91)  0.03
18 (45.00) 34 (26.36)
24 (60.00) 106 (82.17)  0.33 (0.15,0.70) <0.01
16 (40.00) 23 (17.83)
5 (12.50) 3(2.33)  6.00 (1.50, 23.86) <0.01
35 (87.50) 126 (97.67)
29 (72.50) 38(29.46) 6.31 (2.89, 13.76) <0.01
11 (37.50) 91 (70.54)
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Table 3. Binary logistic regression of the risk factors associated with white spot disease (WSD) in marine shrimp farms in Ray-
ong, Thailand. OR: odds ratio; PL: post-larvae; DoF: Thailand Dept. of Fisheries. Final log likelihood = —-59.21; model R?=0.49

Factor B SE OR (95% CI) Wald Z-test p

Intercept 0.04 0.61 1.05 (0.32, 3.43) 0.07 0.94
Farm with WSD in a previous crop 2.61 0.52 13.53 (4.87, 37.58) 5.00 <0.01
Source of water from the sea 1.42 0.55 4.15 (1.42, 12.14) 2.60 <0.01
DoF staff visited during the culture -1.70 0.55 0.18 (0.06, 0.54) -3.10 <0.01
Stocking density >100 000 PL per 0.16 ha 0.88 0.50 2.42 (0.91, 6.41) 1.78 0.08
Use of probiotics during the cultivation period -0.84 0.56 0.43 (0.15, 1.29) -1.51 0.13
Water added without treatment during the cultivation period 1.88 1.05 6.57 (0.84, 51.19) 1.80 0.07

Multicollinearity was checked before analyzing the
binary logistic regression. No evidence of severe
collinearity was found. The final model showed 3 sig-
nificant variables (p < 0.05). The DoF staff visiting
during the culture was a protective factor. Two re-
maining factors were found to be risks: WSD in a pre-
vious crop and use of water from the sea (Table 3).

DISCUSSION

The purpose of this case-control study was to iden-
tify potential farm-level risk factors associated with
WSD in Rayong, Thailand. We found that the pres-
ence of WSD in previous crops and the use of
improperly treated seawater were risk factors. In this
study, the farm-level prevalence of WSD in Rayong
was 23.03 %. The prevalence was high because the
study period was the most opportune time for WSD
proliferation in Rayong. In our experience, farm-level
prevalence of WSD in Rayong tends to be high in
the winter season in Thailand. This correlates with
Boonyawiwat (2009), who reported that the preva-
lence of WSD dramatically increases in shrimp from
June to December. While factors related to this sea-
sonal increase are unclear, a study utilizing a tempo-
ral analysis could help clarify this relationship.

The case definition impacts the apparent prevalence
rate of WSD. In this study, the case definition was
highly sensitive, resulting in a high number of farms
identified as positive for WSD. Even if only 1 infected
shrimp was detected at a farm, the farm was catego-
rized into the case group. An advantage of a sensitive
case definition is that it includes most or all of the in-
fected farms. If the authorities design the control
measures based on the results of this study, the meas-
ure will cover all possible scales of outbreak, whether
small or large. This situation can be optimized to con-
trol WSD and the impact the disease has on the eco-
nomic value of shrimp industries in Thailand.

A monoculture of Penaeus vannamei was the most
common type of shrimp culture in Rayong during the
study period. Most of the farms (n = 153; 92.73 %)
were small (1 to 10 ponds farm™!). However, we ob-
served that each farm still contained inactive ponds.
This is because the farmers need to reduce the risk of
monetary loss through diseases such as WSD or early
mortality syndrome throughout the year. Per our con-
versations with the farmers, they choose to minimize
the number of active ponds. This helps them obtain
the best benefit for their culture because they are
able to spend more time on farm biosecurity.

In the study's analysis, factors related to biosecurity
such as bird-protection using nets, vector-control
using chemical agents, and farm fencing were ana-
lyzed separately and in combination. Univariate
analysis did not find any single measure to be statis-
tically significant. A possible reason for this is that an
effective biosecurity program must address several
measurements, not just one.

The binary logistic regression results (Table 3) in-
dicated that the history of a WSD outbreak in a pre-
vious crop was a significant risk factor. If a farm is
infected, it is very important to eliminate the cau-
sative agent. Ineffective disinfection methods can
lead to WSSV remaining in the environment. Like-
wise, good pond preparation is an important practice
for terminating disease transmission in a farm be-
tween crop cultures. In this study's investigation,
most of the farms did not employ pond drying, lim-
ing, or fertilization. Therefore, this study could not
evaluate the effect of these risk mitigation measures.
However, we found that some farms implemented
vector eradication using a chemical agent. For exam-
ple, some farmers used trichlorfon to eliminate unde-
sirable species during pond preparation. Neverthe-
less, they did not remove or dry the bottom soil.
Chemical agents may not be enough to eliminate
infestations completely. MPEDA/NACA (2003) sug-
gested that inadequate pond preparation has led to
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the persistence of WSSV. In our study, most of the
infected farms used improperly treated water from
the sea for their culture, and most cultured the
shrimp using one-time stocking and periodic har-
vesting. Toward that end, this study found that the
farmers possibly added untreated water from the sea
to the culture pond. This is risky behavior that could
introduce the WSSV from a natural source. However,
the factor of water being added without treatment
during the cultivation period was not significant in
the logistic model. It is possible that the number of
cases in this study was too small. Waterborne virus
has been shown to play a role in other WSD out-
breaks. In the Philippines, sharing infected water has
been identified as a WSD risk factor (Tendencia et al.
2011). A previous study showed that WSSV can sur-
vive and infect shrimp for at least 40 d at 30°C in sea-
water under laboratory conditions and feasibly for 3
to 4 d in ponds (OIE 2014). In addition, based on our
personal experience, some farmers do practice good
pond preparation before they culture their shrimp
and still encounter WSD outbreaks. This may be
because they treated the water in the reservoir but
left it too long before using it. It is possible that the
water was exposed to the infectious agent during
that interval. According to Bondad-Reantasco (2001),
treating the water with 30 ppm chloride for 4 d before
using is sufficient to kill WSSV.

As a protective factor, a visit by DoF staff (Table 3)
appears to be an important activity. This may not be
a predictive factor, however, as it is normal for the
DoF staff to visit healthy farms. Rather, it seems that
the fishery authorities avoid visiting infected farms
regularly because they do not want to expose other
farms to the disease and risk transmission. However,
when DoF staff visit healthy farms, they always in-
form farmers about any WSD outbreak in their area.
These visits help farmers refine their biosecurity to
prevent a WSD outbreak at their farms. The present
study attempted to analyze this factor by removing
and adding the variable in the logistic model, but we
did not find any evidence for a confounding effect.
We also analyzed a multicollinearity test for these
and did not meet any potential bias or confounding in
this study.

In conclusion, our analysis indicated that the risk
factors for WSD in shrimp farms in Rayong include
WSD outbreaks in a previous shrimp crop and the
sourcing of influent water from the sea. This corre-
lates with findings reported by Corsin et al. (20095),
who explained that water is probably a major path-
way for WSSV entry onto a farm. In shrimp farming
with poor practices, wastewater is discharged routinely

into the adjacent environment without any treat-
ment. It is possible that this waste contains WSSV
and that this water is an ongoing source of infection.
The authorities should consider control measures to
prevent farmers from releasing untreated waste-
water into the environment.
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