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Prevalence of white spot disease (WSD) in an intensive shrimp culture area located in
Chanthaburi province, Thailand during 2009-2014 was observed. Retrospective data of 1,952 WSD
cases were analyzed for the association between WSD occurrence and climate factors negative
binomial regression (NBR) models. A high number of WSD cases were found between October to
February, while a less number of cases were reported during March to June, and the lowest
numbers were reported in May. The multivariate NBR model indicated significant associations
between an increased number of WSD cases with decreased atmospheric temperature and more
variation of daily atmospheric temperature. Case-control study using logistic regression model
was also used to identify the risk of WSD occurrence at farm-level in this area. Results of an
interview survey of 157 intensive shrimp farms showed that farms sharing inlet water, culturing
shrimp year round and with a single owner operating more than one farm were identified as WSD
risk factors. The analysis also showed WSD risks to be reduced at farms that applied lime to
disinfect pond bottoms and use of probiotics feeding supplementation. A total of 137 white spot
syndrome virus (WSSV) samples causing disease in pond during 2007-2014 were collected from
eastern and southern Thailand. The variations in their genome were analyzed using Polymerase
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newly 3 WSSV genotypes identified in Thailand. These genotypes were related to WSSV from
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which at least 33 genotypes were detected. The similarity of WSSV genome in several WSSV
isolated collected during 2007-2014 suggested that WSSV genome is now stable. The results
from this study may be used as database for further epidemiological study of WSSV.
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CHAPTER |
IMPORTANCE AND RATIONALE

Over the last 40 years, industrialization of penaeid shrimp culture has
emerged all over the world, supplying world’s food sources and creating hundred
thousands of jobs for both skilled and unskilled labor. Thailand is considered one of
the world’s leading shrimp exporter, with the industry taking part in socioeconomic
development of the country by gaining substantial foreign revenue (Lebel et al,
2002; FAO 2014). Shrimp culture has shifted from extensive to intensive system in
order to support the rapidly growing industry. Accompanying the growth and poor
management of shrimp culture, severe infectious diseases have emerged (Lightner
and Redman 1998; Flegel et al.,, 2008). Economic loss due to diseases was up to
approximately USS$15 billion in the past 15 years which viral diseases were
responsible for 60% of the losses (Flegel 2012). Among viral diseases, white spot
syndrome virus (WSSV), an etiological agent of white spot disease (WSD), is one the
most devastating agent of all culture shrimp (Flegel 2012). It was considered a
disease of Black tiger shrimp (Penaeus monodon) at first, but WSSV also affects many
other species of penaeid shrimp (Nunan et al., 2001), which the infection can lead to
100% mortality within 3-10 days under culture condition (Nunan et al.,, 2001). The
first WSD outbreak occurred in East Asia in 1991 and subsequently spread throughout

the shrimp farming regions across the globe, including South America, Europe and



Australia (Dieu et al,, 2010; Muller et al., 2010; Vijayan and Sanil 2012). WSSV
pandemic has raised global alert on disease prevention strategies, resulted in
increasing number of WSSV researches on many aspects, including epidemiology

(Flegel et al., 2008).

The eastern and southern parts of Thailand are two major sites of shrimp
farming where WSSV has been introduced since 1994. High prevalence of WSSV
detected in wild P. monodon broodstock was reported in the cool-monsoon season
in Thailand due to the congestion of shrimp in shallow water which induced stress
and suitable condition for horizontal transmission of WSD (Withyachumnarnkul et al.,
2003). In order to reduce risks of transmitting WSD from wild population, shrimp
industry in Thailand has shifted from wild-capture broodstock P. monodon to
domesticated L. vannamei since the beginning of 21" century. However, WSD still
causes significant losses in L. vannamei cultured (Flegel 2012) and prevalence of

WSD in cultured shrimp in Thailand has not been officially reported.

Since there is no effective treatment or vaccine against WSSV, management
for pathogens exclusion and stress reduction are needed (Hoa et al, 2005b). In
addition, development of preventive measures, such as controlling and monitoring
the spread of WSSV using epidemiological methods are necessary. Risk factors
analysis may support the construction of intervention strategies (Mohan et al., 2008).

Several risk factors associated with WSD in term of pond culture (Tendencia et al,



2011), transmission (Supamattaya et al,, 1998), effects of water physio-chemical
parameters (Tendencia et al,, 2010b) and carrier organisms (Corsin et al., 2001) have
been reported. However, disease risk factors analysis has to be tailor made to suit
each particular region and farming system. Study of WSD risk factor in Thailand has
never been conducted.

Molecular epidemiology is one of the potential tool for investigating WSSV
spread and movement in many spatiotemporal scales, which may support our
understanding on virus distribution and evolution (Dieu et al., 2010). Genetic markers
have been widely used in both human and veterinary epidemiological studies
(Mazars et al,, 2001; Knowles and Samuel 2003; Martella et al.,, 2007). Polymerase
chain reaction (PCR) has been used to determine the polymorphic loci in WSSV
genome (Dieu et al,, 2010). To date, complete WSSV genome sequences of four
origins have been carried out, including Taiwan (WSSV-TW; GenBank accession no.
AF440570) (Tsai et al, 2000), China (WSSV-CN; GenBank accession no. AF332093)
(Yang et al., 2001), Thailand (WSSV-TH; GenBank accession no. AF369029) (van Hulten
et al,, 2001) and recently from Korea (WSSV-KR; GenBank accession no. JX515788)
(Chai et al,, 2013). The isolates from Taiwan, China and Thailand show 99.32%
sequences similarity (Pradeep et al., 2008b), which indicated that WSSV isolates are
closely related and likely to evolve from a common ancestor. The high similarities
between the conserved genes were found among WSSV isolates, such as DNA

polymerase gene (Chen et al,, 2002; Marks et al,, 2004) and the major structural
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protein genes (Chang et al, 2001; Marks et al., 2004). Therefore, phylogenetic
analysis of conserved genes is not suitable for studying WSSV evolution. Molecular
markers which have been wused to study WSSV epidemiology were major
insertion/deletion (Indels) sites between open reading frame (ORF) 14/15 (Indel-) and
23/24 (Indel-ll) (Hoa et al, 2012) and the variable number tandem repeat units
(VNTRs) located in ORF 75, 94 and 125 (Wongteerasupaya et al., 2003). Indel-I and
Indel-Il have been suggested as suitable molecular markers for the study of WSSV
distribution and evolution in large and intermediate scales whilst VNTRs were
proposed for smaller scale (Dieu et al,, 2010). Genomic Indels have been used in
many studies as a tool for tracing the occurrences of WSSV and investigating virus
evolution in Vietnam (Dieu et al,, 2004; Hoa et al, 2012), India (Pradeep et al,
2008b), China (Tan et al., 2009; Tan and Shi 2011), Mexico (Ramos-Paredes et al.,,
2012) and Brazil (Muller et al.,, 2010). Pradeep et al, (2008a) used these variable
regions to investigate the WSSV outbreaks in India and reported that the Indian
isolates were closely related to Thailand’s and, Thai isolates may have been
introduced to India. In addition, WSSV isolates from Mexico collected during 2000-
2005 showed similarity in Indel-l (ORF14/15) with isolates from India (Ramos-Paredes
et al,, 2012). The epidemiological study of WSSV from Vietnam indicated that WSSV
entered Vietnam by multiple introductions (Dieu et al., 2004) and has been moved

from central to southern and northern region by trading of shrimp postlarvae (PL)
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(Hoa et al,, 2012). VNTRs have been used to study WSSV epidemiology at farm or
pond-level and to trace movement between infected populations because the high
variation of these regions (Pradeep et al.,, 2008a; Hoa et al,, 2011; Gonzalez-Galaviz et
al.,, 2013). The current status of WSSV genotypes and theirs distribution in Thailand
have not been recently investigated, especially in Pacific white shrimp (Litopenaeus
vannamei), which is a major cultured species in the present time. Constructing
genotypic database and study of molecular epidemiology of WSSV may develop the
understanding of disease distribution pattern and may be another component to
assist in development of preventive measures in Thailand.

Objectives of Study

(1) To investigate the prevalence of white spot disease in cultured shrimp in the

intensive shrimp culture area of Thailand.

(2) To identify risk factors associated with WSD occurrence in the intensive shrimp

cultured of Thailand.

(3) To use molecular makers to characterize genome of white spot syndrome virus

causing outbreaks in cultured shrimp in eastern and southern parts of Thailand.
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CHAPTER Il
LITERATURE REVIEW

2.1 Shrimp culture in Thailand

Shrimp is the largest single seafood commodity by value. Approximately 75%
of global shrimp production is from aquaculture. Black tiger shrimp (Penaeus
monodon) and Pacific white shrimp (Litopenaeus vannamei) are the most important
invertebrate food animals, which entirely dominated the shrimp culture industry
(Walker and Winton 2010). Shrimp culture in Thailand has gradually increased since
the period of 1970. P. monodon was the first major cultured species because of high
export value and its ability to grow quickly under farming condition (Szuster 2006).
The industry had expanded remarkably after breakthrough of the technique of
inducing maturation of captured female broodstock by removing eyestalk. Hatchery
produced postlarvae had become a major source for large-scale farming since then
(Flegel et al,, 2008). Due to the unavailable of technology for disease screening in
captured broodstock, improper broodstock sanitary management, and lack of
concern regarding diseases and impacts of shrimp farm to the environment;
consequently, serious disease outbreaks and environmental degradation has
occurred which led to the first collapse of shrimp farming in the Upper Gulf of
Thailand region. The industry has turned to the eastern and southern part where

good quality of soil and water were still available. In spite of the improved
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management and shrimp disease researches during the 1987-1992, viral diseases
were still a serious threat to shrimp farmers, for instance, monodon baculovirus
(MBV) and yellow head virus (YHV) were the most devastating viruses in P. monodon
in Asia during that time. Moreover, the emergence of White spot disease (WSD) since
1994 (Marks et al.,, 2004) had worsened the entire industry which led to significant
production losses in Thailand and other Asian countries (Flegel et al., 2008). During
this period, production of P. monodon which depended on shrimp PL produced from
wild capture broodstock were difficult to obtain, especially and disease-free
broodstock; therefore, the domesticated lines of specific pathogen-free (SPF)
L. vannamei was introduced and Thai’s shrimp farming industry was resurged since
2001 (Flegel 2012). Nowadays, productions of shrimp are mainly localized in the
coastal areas of eastern and southern part of Thailand (Figure 1). Despite the
improve biosecurity measures and new shrimp farming technologies (Lightner et al,,
2012), losses caused by viral diseases are still occurring and are considered as a
major constrain in shrimp farming, especially the White spot syndrome virus which

causes high and rapid mortality for all cultivated species (Flegel 2012).
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Figure 1. Map of shrimp area of Thailand and total production yield (tons) in 2013.

Source: Department of Fisheries, Minister of Agricultural and Cooperative, 2013.

Bangkok Metropolis: 1,249
Samut prakan: 5,619 —
Samut Sakhon:-10,609—
Samut Songkhram: 1,382

o Y
Prachuap Khiri Khag Chon Buri: 1,231 ]

16,002
¥Chumphon:
- 18,713

Surat Thani: 29,776

Nakhon Si
Thammarat:

100 Km

2.2 White spot disease

White spot disease caused by White spot syndrome virus (WSSV), a sole

member of the genus Whispovirus, within a new virus family Nimarviridae (OIE 2015).

WSSV is a large double strand DNA virus, ovoid to bacilliform in shape with tail-like

appendage at one end (van Hulten et al,, 2001). WSSV virions are regular symmetry,
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with approximate size of 80-120 nm in diameter and 250-380 nm in length (OIE
2015). Replication of WSSV virions occurs in hypertrophied nuclei of infected cells
with the absence of occlusion bodies. WSSV was initially classified as a non-
occluded baculovirus based on its appearance (Lightner 2003). Various names had
been used to describe this virus. The disease was first called penaeid acute viremia
(PAV), and the virus was named after its as penaeid rod-shaped DNA virus (PRDV) or
rod-shaped nuclear virus of P. japonicus (RV-PJ) (Nakano et al.,, 1994). In the People’s
Republic of China, the virus was named Chinese baculo virus or hypodermal and
hematopoietic necrosis baculovirus (HHNBV) (Huang et al,, 1995). In Thailand, the
names systemic ectodermal and mesodermal baculovirus (SEMBV) or the second
non-occluded baculovirus of P. monodon (PmNOBII) was used (Wongteerasupaya et
al,, 1995) and in Taipei was called white spot baculovirus (WSBV) or the third non-
occluded baculovirus of P. monodon PmNOBIII (Lo et al.,, 1996). However, the virus
genome was later characterized and found that it has a unique characteristic

different from baculoviruses (Yang et al., 2001).

2.2.1 Susceptible species

Wide range of marine, brackish and fresh aquatic crustaceans can be infected
with WSSV, including crabs, crayfish, lobsters and all species of cultured shrimp, such
as P. monodon, L. vannamei, Kuruma prawn Penaeus japonicas, Chinese white

shrimp Fenneropenaeus chinensis, and Indian prawn Fenneropenaeus indicus. The
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virus can resulted in 100% mortality within 3-10 days after infection under cultured
condition (Nunan et al,, 2001). All life stages of cultured shrimp from eggs to
broodstock are susceptible to WSSV. Postlarvae, juveniles and adults are the most
suitable stages for virus detection (OIE 2015). Vertical and Horizontal transmission are
possible for WSSV infection, transmission via trans-ovum, consumption of infected
tissue (cannibalism) and expose to contaminate water have been reported in
previous studies (Corsin et al., 2001; Wu et al., 2001). Infected shrimp may be visible
around the edge of the pond, presenting clinical sign of lethargy, reduce feed intake,
and reddish to pinkish discoloration of the outer exoskeleton (Escobedo-Bonilla et
al.,, 2008). White spots or patches may be found under the carapace of moribund
shrimp which may consequence from virus-induced integument dysfunction (Wang et
al,, 1998). While WSSV infections in wild aquatic crustacean carriers are presented
with variable degree of severity and sometimes clinical disease is absent. These
carriers which can be infected with WSSV and express the disease under suitable
environmental conditions include, Acetes sp., Alpheus sp., Helice sp., Hemigrapsus
sp., Exopalaemon sp., Callianassa sp., Macrophthalmus sp., Macrophthel sp.,
Metaplax sp., Mysis sp., Orithyia sp., Palaemonoidea sp., Scylla sp,. Sesarma sp. and
Stomatopoda sp. Latent infection without disease was reported in several non-
decapodal crustaceans, such as Artemia salina, Balanus sp., copepods, rotifers and
Tachypleidue sp. Sea slaters (Isopoda), Euphydradae insect larvae and polychaete

worms have also been proven as mechanical vectors of WSSV without any sign of
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infection (OIE 2015).

2.2.2 Emerging of WSD and its global distribution

The first occurrence of WSSV was reported in cultures P. japonicas in 1992 in
Taiwan and Fujian province, China (Chiang and Lo 1995). In 1993, the disease spread
to Japan via imported juvenile Kuruma shrimps from China (Inouye et al., 1994). In
the same year, mass mortality cases of cultured shrimp caused by this virus were
also reported in Korea (Park et al.,, 1998) and Vietnam (Zwart et al., 2010). By 1994,
the virus has caused devastating losses in cultured shrimp across Asia, including, India
(Karunasagar et al., 1998), Bangladesh (Hossain et al., 2001), Indonesia (Sunarto 2001),
Malaysia (Oseko 2006) Thailand (Wongteerasupaya et al., 1995) and followed by Sri
Lanka in 1996 (Munasinghe et al., 2010). Philippines and Myanmar was the last two
countries in South-East Asia affected by WSD in 1999 (Magbanua et al., 2000; Saw
2004). Transboundary movement of unscreened, grossly normal broodstock and
shrimp PL infected with WSSV both legal and illegally was purposed as a major cause
of WSSV spread in Asia (Magbanua et al., 2000; Flegel et al,, 2008). In 1995, WSSV
moved from eastern to western hemisphere, into the United States of America, via
the infected frozen shrimp and from contaminated waste discharged by processing
plants located on the US coastal area, which re-processing the infected frozen
shrimp products for value-added (Nunan et al,, 1998; Lightner 2003). In addition,

Hasson et al., (2006) reported that shrimp used as bait for sport fishing imported from
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China were positive with WSSV and could be a potential cause of WSSV contaminant
in coastal freshwater and marine crustacean and shrimp farming in the US. Although,
WSD has been eradicated from farmed shrimp in the US, WSSV was occasionally
detected in wild population of crab and shrimp in southeastern part, which indicated
that WSSV may establish in this coastal water (Powell et al, 2015). WSD first
appeared in central and South American during 1998-99. Ecuador, which is one of
the top shrimp producing country was impacted by the emerging of WSD in mid to
late-1999, which resulted in 70% decrease in shrimp export in the following years of
2000-01 (Lightner 2003). WSD was officially confirmed in Brazil in late 2004 to early
2005 (Cavalli et al,, 2008) and in Argentina in 2008 (Martorelli et al., 2010). WSD
outbreaks were also reported in Europe during 1995-2003. Greece was the first to
report WSD cases in 1995, due to the imported shrimp PL from Taiwan, followed by
WSD outbreaks in Turkey and Italy (from imported shrimp PL from Turkey) in 1997.
WSD form Asian origin caused outbreaks in Spain during 2000-03, by the practice of
feeding imported P. monodon carcasses to wild harvested P. japonicas (Stentiford
and Lightner 2011). The first occurrences of WSD in the Middle East were in 2002 in
Iran (Simrouni et al., 2014), followed by Saudi Arabia in 2005 from farms that used
P. monodon broodstock from Southeast Asia (Tang et al.,, 2012b). Africa was the last
continent where WSD occurred in Mozambique and Madagascar in 2011. The virus
was believed to reach Africa by oceanic current, ballast water from commercial

vessels or imported infected shrimp from Saudi Arabia to the local processing plants
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(RAF 2013). Figure 2 illustrates the distribution of WSSV globally.

Figure 2. Global distribution of WSSV, years indicates the first report in each country
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2.2.3 Prevention of WSD and factors associated with WSD occurrence

Farm management and effective biosecurity measures that keep WSSV out of
the farming system are the most suitable for WSD prevention. Biosecurity in
aquaculture aims to prevent pathogens from contracting and spreading within the
farm, as well as to eliminate disease carrier and un-desirable health condition (Pruder
2004). Shrimp Infected with WSSV alone do not usually result in disease outbreak.
WSD outbreak in pond usually requires multiple factors. Figure 3 summarized the
important causes participating in WSD outbreaks in shrimp pond. Standard control
measures for reducing the incidence of WSD currently rely on stocking ponds with

WSSV-free shrimp PL, using closed zero-water-exchange culture system and/or



20

biosecure ponds incorporating with crab-proof fencing and bird-proof netting and
personal (hands and feet) disinfectant bath (Corsin et al.,, 2005). However, biosecurity
breaches and/or inappropriate farm management may lead to the introduction of
disease into a farm. In order to acquire proper biosecurity measures, an
epidemiological approach, such as risk factors analysis is one of the tools for
establishing preventive strategies for disease control in shrimp culture (Lightner

2005).

Several studies have applied statistical models to identify risk factor of WSD
occurrence in different farming systems. A study in semi-intensive P. monodon farm
in Philippines found that high stocking densities, feeding of live mollusks, farm sharing
common water sources, increasing pond size, and pond water contained high
amount of green colonies Vibrio on TCBS, were associated with higher risk of WSD
occurrence (Tendencia et al., 2011; Tendencia and Verreth 2011). Extensive
Vietnamese P. monodon farms, located closer to the sea were reported to have
higher risk of shrimp to be positive from WSSV at harvest. Authors suggested that
these farms had higher chance of receiving WSSV-infected decapods and WSSV-
contaminated zooplankton (Corsin et al,, 2001). The same study also suggested that
increased mangrove to pond area ratios and the use of vitamin dietary supplements,
water filtration through 300 um mesh screens as well as pond bottom dry-out and

decontamination, including plowing and sludge removal between crops, reduced the
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risk of WSD occurrence (Corsin et al,, 2001; Tendencia et al, 2011). In addition,
application of aquaculture lime to disinfect the fallowed pond bottoms was reported
to be useful in preventing WSD in P. monodon farms in India (MPEDA/NACA 2003)

and Bangladesh (Islam et al., 2014).

Environmental factors, including temperature and rainfall also play an
important role for WSD occurrence. Previous studies suggested that the occurrence
of WSD was associated with relatively low and/or fluctuated temperature. High
prevalence of WSD outbreaks in Ecuadorian shrimp farm was observed during cool
season from June to November (Rodriguez et al,, 2003). In Mexico, abrupt water
temperature and salinity changes due to 3 days of heavy rain resulted in WSD
outbreaks and viral load increased in cultured L. vannamei (Peinado-Guevara and
Lopez-Meyer 2006). In the Philippines, WSD incident in P. monodon farm increased
in a month with >14 continuous rain days and relatively low atmospheric
temperature (Tendencia et al,, 2010a). Environmental factors not only affect shrimp
immune system by acting as shrimp stressor, but also influence on biology of the
virus. Stress reduces immune responses; consequently, WSSV are able to replicate
more efficiently and cause mortality in cultured shrimp (Doan et al., 2009). A crucial
shrimp defense mechanism against WSSV infection such as virus-induced apoptosis
was also found decreasing at water temperature below 32°C (Granja et al.,, 2003).

Higsher mortality rates were observed in P. monodon orally-challenged with WSSV at
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water temperature ranging from 16°C to 30°C than those of 32°C to 36°C challenges

(Raj et al., 2012).

Figure 3. Diagram of Factors effecting WSD outbreak in pond-cultured shrimp,

modified from Corsin et al., (2005)
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2.2.4 Molecular epidemiology of WSSV

WSSV genome is a large circular double stranded DNA of approximately 300
kb. The virus genome contains 184 putative ORFs which only 11 ORFs are recognized
in public databases as genes encoding DNA replication, enzyme for nucleotide
metabolism and protein modification (van Hulten et al., 2001). Epidemiological study
of WSSV have been carried out using complete WSSV genome sequences of three
origins as reference databases, including Taiwan (WSSV-TW, GenBank accession no.
AF440570; Tsai et al., 2001), China (WSSV-CN; GenBank accession. no. AF332093; Yang
et al,, 2001) and Thailand (WSSV-TH; GenBank accession no. AF369029; van Hulten et
al,, 2001). PCR technique has been used to differentiate a little difference (~0.8%)
among the genome of these isolates. The significant differences in WSSV genome
were composed of variable regions located between ORF14 and 15, ORF23 and 24, in
ORF75, 94, and 125, a transposase sequence that present only in WSSV-TW, and

single-nucleotide polymorphisms (SNPs) (Marks et al., 2004).

Genomic regions between ORF14/15 and ORF23/24 are known as major
insertions/deletions (indels) sites. Indel | (ORF14/15) contains a variable region prone
to recombination whereas Indel-ll (ORF23/24) contains a large genomic deletion.
WSSV adapted in specific novel environment where it was introduced by gradually
removed its redundant sequences (Dieu et al.,, 2010). By investigating the pattern of

these two regions, epidemiologists were able to trace movement and evolution of
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WSSV (Pradeep et al., 2008b). Dieu et al., (2010) applied statistical analysis to identify
which variable regions are suitable for each particular geographical scale, based on
their degree of variation. The authors suggested that Indel-l has lesser degree of
genomic variation and is suitable for the continental and global scale (10,000 km),
while indel-ll has higher degree of variation and therefore appropriate for regional or
within the country scale (1,000 km). Each WSSV-TW, WSSV-CN and WSSV-TH contains
a unique sequence in the indel-l region, whereas WSSV-CN and WSSV-TH has ~2 kb
and ~13.2 kb deletion in Indel-lIl compared to WSSV-TW, respectively (Figure 4 and 5).
This indicated that WSSV were derived from common ancestor and evolved
separately by deleting its redundant sequences during the spread from either side of
Taiwan Strait to China and Southeast Asia (Dieu et al., 2004). However, after the
analysis of WSSV isolate obtained from Thailand in 1996, Mark et al. (2005) found this
isolate (WSSV-96-I) contains the combination of genomic sequence in Indel-l region
from WSSV-TW, WSSV-CN and WSSV-TH and also contains a full length of 13.2 kb in
Indel-ll, which similar to WSSV-TW. This created another hypothesis that WSSV-96-II
might be as common ancestor of all WSSV which initially moved from Thailand,
causing the first outbreak in Taiwan and China and then spread back to Thailand
before distributed to other countries (Pradeep et al., 2008b). Introduction of WSSV
into several countries were explained using the analysis of these Indels. WSSV
entered Vietnam from multiple introductions, from both China and Taiwan to central

Vietnam and then spread north and south. WSSV was also directly introduced to
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southern Vietnam from Thailand (Dieu et al., 2010). Genotypes of WSSV occurred in
India were closely related to Thai isolate (Pradeep et al., 2008b). WSD occurrences
in China were caused by the particular genotypes circulated in the area (Tan et al,
2009; Tan and Shi 2011). WSSV samples obtained from Philippines, Indonesia,
Cambodia and Iran showed some degree of similarity of WSSV from Thailand (Zwart
et al,, 2010). In addition, WSSV Mexican isolates was found to have similar pattern of
Indel-l with Indian isolate (Ramos-Paredes et al., 2012). Pattern of Indel-l and Indel-ll

of WSSV collected from different countries are summarized in Figure 4 and 5.

Variable-number tandem repeats (VNTRs) are located in ORF75, 94, 125.
These ORFs contain repeat units (RUs) in the middle and are flanked with non-
repeated sequence at 5 and 3’ ends. ORF75 includes 2 types of RUs, 45 bp and 102
bp. Repeat unit of 54 bp with SNPs at the position 36 or 48 are presented in ORF94
and ORF125 contains 69 bp RU (Muller et al.,, 2010). These polymorphic loci contain
high degree of variation compare to the Indels. Hence, VNTRs have been used to
investigate movement of WSSV in smaller scales, for example, among cluster of
shrimp culture communities, between pond to pond or farm to farm (Dieu et al,
2010). In addition, VNTRs can be used to trace the source of WSSV causing outbreak
in pond from potential carriers such as crab (Hoa et al,, 2011). Several studies were
conducted to determine pattern of VNTRs of WSSV found in WSD endemic countries

and the patterns of VNTRs reported by these countries are shown in Table 1.
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Figure 4. Schematic representation of WSSV variable region, Indel-| (ORF14/15),

reported from different countries
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Figure 5. Schematic representation of WSSV variable region, Indel-Il (ORF23/124),

reported from different countries
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Table 1. Summary of WSSV genotypes, characterized by VNTRs at ORF75, 94 and

125. No. of RUs= number of repeats unit, SNPs=single nucleotide polymorphisms

found at the position 48 of the repeated sequence.

Isolate (year) ORF75; ORF125; ORF94; 54 bp
(45, 102) bp 69 bp
No. of RUs No. of RUs No. of RUs SNPs
Reference isolate
WSSV-TW 21 (16, 5) 8 6 TTTTGTT
WSSV-CN 15 (11, 4) 8 12 TTGGGGGGTTTT
WSSV-TH 12 (9, 3) 6 6 TGGGTT
China (1998-1999) (Tan and Shi 2011)
WSSVI8NB1 NA NA 8 GTGTGTTT
NA NA 14 GTGGTTTTTTTT
WSSVI8NB2 NA NA 9 GTGGTTTTT
NA NA 6 GTGTTT
WSSVSZ1-3, NA NA 6 GTGTTT
WSSvz4 NA NA 9 TTTGTGTTT
Thailand (2000-2002) (Wongteerasupaya et al., 2003)
6-12, 14-15,
17, 19-20
Surl NA NA 9 TTTTGTTGT
Sur2, Chu3 NA NA 8 TTGTTGGT
Chul NA NA 7 TTTGTGT
Chu2 NA NA 6 TTTGGG
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Table 1 (cont). Summary of WSSV genotypes, characterized by VNTRs at ORF75, 94

and 125; No. of RUs= number of repeats unit, SNPs=single nucleotide polymorphisms

found at the position 48 of the repeated sequence.

Isolate (year) ORF75; ORF125; ORF94; 54 bp
(45, 102) bp 69 bp
No. of RUs No. of RUs  No. of RUs SNPs
Vietnam (2003-2004) (Dieu et al., 2004; Dieu et al., 2010)
North 12 (9, 3) 10 9 NA
7(6,1) NA a4 NA
Central 5(3, 2) 6 10 GGGTTTGGTT
5(3, 2) 5 17 GTTTTGTTTGTGGGGTT
5(3,2) 6 10 GGGGGGGGGG
5(3,2) 7 TTTTGTT
14 (10, 4) 7 TTTTGTT
6(4,2) 6 10 GGGTGGTTTT
South 5(3,2) e NA
5(3,2) 5 NA
5(3,2) 7 15 NA
5, 1) 6 11 NA
6(4,2) 9 10 NA
NA a4 9 NA
India (2002-2004) (Musthagq et al., 2006)
6-13
NA NA 7 GTTTGGT
NA NA 9 GTGGGGGTT
NA NA 11 GGGGGGTTTTT
NA NA 13 GTTTGGGTTTTTT
India (2005-2006) (Pradeep et al. 2008a)
2-7 2-5,7-12, 2-10, 12-14, NA
15 16
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Table 1 (cont). Summary of WSSV genotypes, characterized by VNTRs at ORF75, 94
and 125; No. of RUs= number of repeats unit, SNPs=single nucleotide polymorphisms

found at the position 48 of the repeated sequence.

Isolate (year) ORF75; ORF125; ORF94; 54 bp
(45, 102) bp 69 bp
No. of RUs No. of RUs  No. of RUs SNPs

The Americas (Muller et al. 2010)

USA
Texas (1997) 14 (11, 3) 10 5 NA
South NA 10 5 NA
Hawaii (2004) 6 11 8 NA
Panama (1999) 15 (11, 4) 11 12 NA
Honduras 15 (11, 4) 11 13 NA
Brazil NA
South (2005) 10 (7, 3) 8 16 TGTTGTGGGGTGGG
South (2007) 10 (7, 3) 8 16 TGTGTTTTTTTTGG
South (2008) 10 (7, 3) 8 16 TGTGTTTTTTTTTTT
Northeast 11 (8, 3) 9 4 TGGG
Nicaragua 8 (6, 2) 8 14 NA
Mexico (2008) 14 (11, 3) 7 19 NA
Mexico (Gonzalez-Galaviz et al.,, 2013)
S. Babara - 10 7 NA
Atanasia a4 - 3 NA
Siari (2010) il 10 7 NA
Riito1 (2010) - 10 7 NA
Ritto2 (2010) 9 11 NA
Ritto3 (2010) 3 - - NA
Rittod (2008) 15 11 6 NA
Tobaril (2010) 3 - 3 NA
Tobari2 (2010) - - a4 NA
Tastiota - - 1 NA
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Table 1 (cont). Summary of WSSV genotypes, characterized by VNTRs at ORF75, 94
and 125; No. of RUs= number of repeats unit, SNPs=single nucleotide polymorphisms

found at the position 48 of the repeated sequence.

Isolate (year) ORF75; ORF125; ORF94; 54 bp
(45, 102) bp 69 bp
No. of RUs No. of RUs No. of RUs SNPs

Iran (Simrouni et al., 2014)

IRWSSVBU1 (2012) NA NA 3 GGG

IRWSSVBU2 (2012) NA NA 6 GGGGGEG

IRWSSVKH1 (2010) NA NA 6 TITTTT

IRWSSVKH2 (2011) NA NA 3 GGG

IRWSSVKH3-6 NA NA 3 TTT
Saudi Arabia (Tang et al., 2012a)

10-143 (2010) NA 6 7 NA

11-065 (2011) NA 8 13 NA

11-041 (2011) NA 7 Deletion NA
Mozambique (Tang et al., 2012a)

11-312 (2011) NA 6 Deletion NA

Korea
WSSV-KR 4(3,1) 5 NA NA
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CHAPTER IlI
MATERIALS AND METHODS

The present study was composed of 3 phases as follows;

Phase 1 Investigation of WSD prevalence and the impacts of climate factors to the
occurrence WSD in cultured penaeid shrimp in Chanthaburi province, Thailand;
Phase 2 WSD risk factors associated with shrimp farming practices and geographical
location in Chanthaburi province, Thailand;

Phase 3 Molecular characterization of WSSV isolates from 2007-2014, obtained from

WSD outbreaks in the eastern and southern shrimp culture area of Thailand.



33

Phase 1 Investigation of WSD prevalence and the impacts of climate factors to the

occurrence WSD in cultured penaeid shrimp in Chanthaburi province, Thailand.

1.1 Study area

The studied area was located in Chanthaburi province in the eastern part of
Thailand (Figure 6). Chanthaburi is one of the largest shrimp grow-out areas in
Thailand, expanding from 3,900 hectares in 2009 to 6,800 hectares culture area in
2012. Its annual production yield is more than 60,000 tons, and ninety eight percent
of the cultured shrimp is L vannamei (Department of Fisheries 2014). Three seasons
are described in this area: rainy season, from mid-May to mid-October; cool season,
from mid-October to mid-February; and warm season, from mid-February to mid-
May.
1.2 Laboratory data and WSD prevalence

Laboratory data of WSD diagnosis during 2009-2014 were retrieved from
government research centers (Department of Fisheries, Ministry of Agriculture and
Cooperative). The centers provide shrimp disease diagnostic service to local shrimp
farmers in the region. A WSD case was diagnosed when a sample was positive with
WSSV by a single-step PCR (OIE 2015). Data included in the study were pond-
cultured shrimp, from 10-day shrimp PL onward. Because the mass mortality in a
pond may occur within 3-10 days after WSSV infection (Nunan et al., 2001), positive

samples obtained from an individual client within a 10-day interval were counted as
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a single occurrence. Prevalence of WSD was calculated by dividing the number of
positive samples by the total number of submitted samples and reported on a
monthly and yearly basis.
1.3 Climate data

Meteorological data in the study area were provided by the Meteorological
Department of Thailand, Ministry of Information and Communication Technology.
Data were recoded every 3 hours and averaged for daily atmospheric temperature,
relative humidity, wind speed and total amount of rainfall. Daily atmospheric
temperature variation was computed from the differences between minimum and
maximum atmospheric temperature. Descriptive statistic was used to aggregate the
data to a monthly basis.
1.4 Statistical analysis

All statistical procedures were performed using SPSS version 22.0 (SPSS Inc.,
Chicago, IL). The negative binomial regression (NBR) model was used to estimate the
association between monthly WSD occurrence (count, dependent variable) and
climate factors from January 2009 to December 2014 (independent variables).
Continuous-scale variables were transformed to a categorical-scale using quartiles
when the distribution did not show normality or linearity. Univariate analysis was
performed, and variables that were statistically significant at 85% confidence interval
were included in the multivariate model. Collinearity between significant variables

was examined using Spearman’s rank correlations, and correlation coefficients (r)
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greater than 0.40 were interpreted as an indication of collinearity. Selection of
collinear variables included in the final multivariate model was based on significant
P-value (P <0.05) of the final model and acceptability of potential biological cause-
