WSSV genotypes in shrimp aquaculture in Kerala, India employing variations in the number of tandem repeat DNA segments


Abstract
Disease caused by White spot syndrome virus (WSSV) is a major problem for the shrimp farming industry in India. Monitoring for the distribution and makeup of WSSV genotypes is thus important for identifying virus entry routes and developing strategies to avoid economic losses. Here variable number tandem repeat (VNTR) loci were analyzed to identify the variability and potential origins of WSSV genotypes occurring in shrimp farmed in Kerala. In total, 434 shrimp were screened by PCR. Of these, 23 WSSV-positive shrimp from farms either free of or experiencing WSSV disease outbreaks, 3 wild-caught shrimp from a landing Centre, 1 mud crab collected at each of Alappuzha, Thrissur and Ernakulam and 11 imported frozen shrimp were amplified by PCR and sequenced to determine WSSV genotypes at the ORF94, ORF125 and ORF75 VNTR loci. Compared to WSSV genotypes detected in Taiwan, India or China, those detected in the various samples from Kerala suggested origins from both within and outside of India.	Comment by Joaquin Macias: All this need to be replace by small line with discussion and the big findings of your research...I guess you did a summary of the results...	Comment by Joaquin Macias: All this need to be replace by small line with discussion and the big findings of your research...I guess you did a summary of the results
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1. Introduction
White Spot Syndrome Virus (WSSV) continues to produce a devastating effect on shrimp industry since the 1990s causing huge mortality and severe economic losses (Inouye et al., 1994; Lightner, 1996; Karunasagar et al., 1997; Mohan et al., 1998; Joseph et al., 2015). This virus is the largest double-stranded Whispovirus virus belonging to the family Nimaviridae (van Hulten et al., 2001)  infects a wide range of hosts over 98 host species including freshwater and brackish water shrimps), all stages of the shrimp, Penaeus monodon and have several reservoir hosts (crabs and crayfish) and intermediate hosts all of these factors makes the  control of this pathogen very difficult Lo et al., 1996; Flegel, 1997; Wang et al., 1998) and potentiate global spread. Globally WSSV is still recognized as the most serious pathogen for shrimp industry (Escobedo Bonilla et al., 2008; Walker and Mohan, 2009; Lightner, 2011). WSSV was detected from the crustacean samples collected from Cochin (Joseph et al., 2015) backwaters and found that the releasing of effluent water containing the infected dead shrimp into the estuary without proper treatment will result in the spread of infection to the crustacean population 	Comment by Joaquin Macias: In the last 3 years another outbreaks in Asia as EHP are more disruptive than WSSv	Comment by Joaquin Macias: Rewrite….something in the past can not be assumption for the future, since you are making a previous mention
Several genotypes of WSSV have been reported with geographical uniqueness (Escobedo Bonilla et al., 2008) including India (John et al., 2010). The complete genome sequences of WSSV are available for Thailand, China and Taiwan strains with nucleotide similarity of 99.32 % ( van Hulten et al., 2001). In addition to that, a new genotype of WSSV with a 1.5 kb deletion in ORF94/95 was identified (Tang et al., 2012). Genotypes were identified by molecular tools such as RFLP (Nadala and Loh, 1996; Lo et al., 1999; Wang et al., 2000; Marks et al., 2004; Onihary et al. 2021) and VNTR (van Hulten et al., 2001; Hoa et al., 2011; Meng and Zeng, 2024; Perera et al., 2025). Among the molecular tools employed, the variable number tandem repeats (VNTR)based on ORFs 94, 75 &125 were found to demonstrate rapidness, user-friendliness, robustness and a reproducible results in genotyping of WSSV (Wongteerasupaya et al., 2003; Dieu et al., 2004; Marks et al., 2004; Shekar et al., 2005). Later on, the deletions in ORF 23/24 and ORF 14/15 were also found useful for genotyping (Pradeep et al., 2008b). These regions were used to establish the origin of a WSSV isolate and its spread within a certain area (Dieu et al., 2004; Hoa et al., 2005; Escobedo-Bonilla et al., 2008) and employed in several applications viz distinguishing genotypes from outbreak and non-outbreak farms (Wongteerasupaya et al., 2003; Musthaq et al., 2006; Hoa et al., 2012), Shrimp vs wild crustaceans (Hoa et al., 2005), identify new variant genotypes in specific geographic locations (Tang et al., 2012), identify multiple genotypes in individual diseased and healthy shrimp (Hoa et al., 2005) and detect evidence of transmission patterns amongst ponds (Walker et al., 2011). These genotyping tools are nowadays used not only for the diversity analysis of pathogens in a defined geographical location but also for the source tracking of their probable source of contamination or infection which are very useful for understanding the transmission mode of WSSV in spatiotemporal perspective and also for identification of evolution of new WSSV genetic lineage. However, source tracking studies in aquaculture farms in India for WSSV genotypes is not performed yet. Hence, a study was conducted with a streamlined sampling plan to demonstrate the diversity major circulating WSSV genotypes in Alappuzha, Thrissur and Ernakulam districts of Kerala and identifying the probable source of the WSSV strains in shrimp farms and landing centers, located in Kerala, India and in imported frozen shrimp products based on genotyping of VNTR loci ORF 94, ORF 125 and ORF 75.
2.   Materials and Methods
2.1 Sampling plan for source tracing studies
Initially, 440 shrimp samples were collected from different sources which include aquaculture farms (344), imported (87) and landing center (9) screened for the WSSV. These are considered as the major source for the entry of the various genotypes of WSSV to Kerala, India. Positive Shrimps samples genotyped in this study were from farms (n1=23; Outbreak=9; non-outbreak=14), wild-caught shrimp at landing center (n2=4) ,  located at Thrissur, Alappuzha and Ernakulam, Kerala, India, which are aggregated shrimp farming practicing areas of Kerala, imported frozen shrimp (n3=11). The geographic distribution of sampling sites is described in Fig1. Samples include post-larvae and shrimp aged of 30-70 days of culture (Table 3). Furthermore, a live crab sample was collected for keeping them as an outlier reservoir sample. The collected samples were stored in 95% ethanol and transported to the laboratory and stored at -800C for further studies.
2.2 Extraction of Viral DNA
Viral DNA was extracted from pooled shrimp pleopods samples, from live imported frozen samples (whole tissue) and for crab (gills) (Weight 50 mg each) with DNeasy Blood & Tissue Kit (Qiagen, Germany) as per manufacturer’s instructions and the extracted DNA was stored at -200C for further analysis.
2.3 Diagnostic PCR for WSSV 
First WSSV was detected by OIE recommended two-step PCR detection kit IQ 2000 (Lo et al., 1996). The PCR products were analyzed on 1.5% agarose gel containing ethidium bromide (0.5µg/ml)and photographed using a gel documentation system (G: BOX F3, Syngene, US).Shrimp samples tested positive by diagnostic PCR were taken for the genotyping.
2.4. Genotyping of WSSV using ORF 94, ORF 75 & ORF125 VNTR primers
VNTR in open reading frames (ORFs) 125, 94 and 75 were investigated for determining the genotypes of WSSV.  PCR amplification of the three minisatellite regions of WSSV viz., ORF 94, ORF 125 and ORF 75 having 54, 69, 45 and 57 bp repeats respectively were done using specific primers (Pradeep et al., 2008b). The reaction mixture consisted of 1X Taq buffer (Thermo Scientific, USA), 2mM MgCl2,0.4 µM of each primer,1 U Taq DNA Polymerase (Thermo Fischer Scientific, USA), 200µM dNTPs.  PCR was performed in Veriti Thermal Cycler (Applied Biosystems, USA).The cycling conditions, annealing temperatures, and primer sequences are described in Table 2. The PCR products were analyzed on 1.5% agarose gel stained with ethidium bromide (0.5µg/ml) under UV trans-illuminator using 100 bp plus DNA ladder as a marker.
2.5 Determination of number of Repeating Units for strain designation of WSSV
The repeating units (RU) was calculated as [amplicon  size  –  (171  +  12) / 54]  and  [(amplicon  size  +35 –  92) / 69]  for  54  bp  and  69  bp  repeats. As the ORF 75 has repeats of different sizes only amplicon size is used for the comparisons with WSSV TH strain (Wongteerasupaya et al., 2003).
3.  Results
WSSV was confirmed by IQ 2000 WSSV detection kit in 38 samples out of 434 shellfish samples collected (23 aquaculture farm samples, 11 imported frozen samples, 3 landing center samples) and one mud crab sample. Among the 38 WSSV positive samples, 73.68% were detected as severely infected and 26.31% were detected as low infection by IQ2000 WSSV detection kit. The shrimp samples that were found positive for WSSV were genotyped for three VNTR loci ORF94, ORF125, and ORF75. The repeating units were calculated from the formula proposed by (Wongteerasupaya et al., 2003; Pradeep et al., 2008b). The length of the amplicons ranged from 200bp to 700bp in length. Patterns of the repeating units for each ORF's were given in Table 1. The repeating units (RUs) for ORF94 (54bp repeats) ranged between 2 to 8, however, six samples do not produce any RUs. The numbers of RUs observed in ORF 125 (69 bp repeats) were from 4, to 7. Analysis of RUs of ORF 75 indicated that 19 of them gave a 330 bp with eleven samples yielding no amplification product. All the thirty-eight WSSV strains belonged to genotypes that have ancestry in Taiwan, India or China.  Four samples were found to be Non-typable (NT). 
The study revealed that Indian strain (52.6%) was predominant among the strains in this study followed by Taiwan (34.2%) (Table 3). Among the samples tested 10.5 % were Non-typable (3 from non-outbreak and one from outbreak cases) based on the pattern observed by Shekar et al. 2012. Among the ORF's employed for the genotyping, the ORF 94& ORF125produced reproducible results. 
WSSV genotypes identified in the outbreak samples had a Taiwanese lineage followed by Indian lineage and one outbreak sample found to be non-typable; WSSV genotypes from Non-Outbreak farms mostly belonged to Indian lineage followed by Taiwanese. One sample was found to be Chinese strain and three samples were non-typable. Indian strain was found from imported products. WSSV genotypes from wild-caught shrimps (landing centers) consist of Indian, Chinese strains and one non-typable strain.
4.  Discussion
Genotyping remains as an indispensable tool for identifying the strains. For WSSV VNTR of 3 loci were majorly used for identifying the genotypes.  ORF94 and ORF125 VNTR types have been extensively used to characterize WSSV strains (Wongteerasupaya et al. 2003, Hoa et al. 2005, 2011, and 2012).  In this study, we tried to confirm the geographical origin of the WSSV isolates using the VNTR analysis. Genotyping was implemented with VNTR Loci (ORF94, ORF125, and ORF75) on WSSV positive shrimp samples from various sources such as shrimp farms, landing centers, imported frozen shrimp products entering the shrimp aquaculture of three districts of Kerala, India. The study revealed that Taiwan, Indian and Chinese WSSV genotypes were prevalent in Kerala and all these were identified from landing centers, outbreak, and non-outbreak farms and imported products respectively. Studies were done by Walker et al., 2011 showed that TRS8 and TRS18 genotypes were commonly seen in WSSV detected in Wild shrimp Samples collected from Andhra Pradesh, India. Most of the studies focused only on the number of RU's of the VNTR loci present in the WSSV genome.  No emphasis was given for tracing the geographical origin of the WSSV genotypes detected.  However, there is no concerted efforts have been taken considering all the probable sources of supply to the aquaculture system such as brackish water, hatcheries, imported frozen shrimps. In the Majority of these cases, the probable source for genotypes was the introduction of shrimps affected with disease imported from foreign nations, infection of the virus into a non-affected farm through the viral contaminated water from farm having previous outbreak history, respectively. From this study, we found that Taiwan strain was predominant in the outbreak cases succeed by Indian strain. But when it comes to the non-outbreak cases Indian strain was found to be more prevailing. A Chinese strain was detected in one non-outbreak case. This study investigating about the geographical origin of the WSSV genotypes and to trace the sources of WSSV genotypes into the aquaculture farms is the first of its kind. The molecular techniques were suggested as a useful tool for the tracing of geographical origin, studying the evolutionary behavior and epidemiology of WSSV strains (Dieu et al., 2004; Zwart et al., 2010; Ramos Paredos et al., 2012; Onihary et al. 2021; Meng & Zeng, 2024; Perera et al., 2025). From this study, we found that the number of RU's for the VNTR's will be different. Studies were done by Tan et al., 2011, reported the predominance of genotypes having 6 RU's in ORF 94 which was also seen in this study. Studies on the analysis of ORF 94 shows genotypes having RU’s <8 were prevailing in the outbreak time while those having RU’s > 9 will be usual in the non-outbreak period (Pradeep et al., 2008b). Our study observed a pattern described in the former case while those mentioned in the latter was not seen. 
The presence of Taiwan strain in outbreak cases reveals about the migration of putative ancestor which would lead to the infection and distribution of these genotypes into a non-affected farm through the water channels which link all these farms. While most of the WSSV isolated from non-outbreak farms showed Indian genotype. Most of the non-typable strains are associated with non-outbreak cases and one with outbreak cases. Tracking the source of virus can be achieved in outbreak cases through genotyping in association with the history of the introduction of new seed (Tang et al., 2012). Samples that are positive for WSSV in both first and second PCR itself were unable to produce amplifications for ORF94, 125 and75. This may be due to the sequence variation at the primer binding site. Hossain et al., (2001) observed failure in the amplification of ORF94, 125 and 75. ORF94 and ORF125, the mean number of repeat units (RUs) in VNTRs were significantly lower in disease outbreak ponds than in non-outbreak ponds. Although a higher mean RU number was observed in the improved-extensive system than in the rice-shrimp or semi-intensive systems, these differences were not significant. VNTR sequences are thus not only useful markers for studying WSSV genotypes and populations, but specific VNTR variants also correlate with disease outbreaks in shrimp farming systems (Hoa et al., 2012). Marks et al., (2004) identified non-homologous region unidirectional VNTR loci in ORF75, ORF94, and ORF125. High levels of genetic variation at these loci have been found between isolates Dieu et al., (2004), whereas Hoa et al., (2005) and Pradeep et al., (2008b) suggested for a variation within WSSV isolates, as some samples rendered major and minor PCR products. Because the identity (i.e. RU number) of the major band was conserved in all reactions, we conclude that PCR amplification does not appear to introduce variation in RU number and has no implications for the interpretation of WSSV VNTR data (Dieu et al., 2010). Apart from the shrimps, Decapod crustaceans like Mud crab (S. serrata) can act as a carrier of WSSV without showing clinical signs of infection (Lo et al., 1996). In this study, we detected WSSV from one mud crab sample and also perform genotyping of that. But this WSSV isolate was found to be non-typable in the genotyping analysis.	Comment by Joaquin Macias: Rewrite...Who find...Dieu or in your research??	Comment by Joaquin Macias: Same than before comment

Conclusion
In conclusion, this study reveals the various genotypes associated with both outbreak and non-outbreak cases of WSSV infection and tracing its geographical origin. And also, the potential use of VNTR loci analysis for the source tracking of WSSV in the various shrimp production system and recommends for bigger surveillance on genotyping to identify the unknown source of origin for better visualization of the distribution of shrimp.   	Comment by Joaquin Macias: Will create advantage to track against which other methods….economic, early detection…???
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Table 1: Genotypes based on VNTR identified in this study
	Sl No
	{ORF 94 ,ORF 125,ORF 75}
	GENOTYPE 
	No.of isolates

	1. 
	
	
	

	2. 
	{ -, 4, 330 bp} 
	Indian 
	1

	3. 
	{ 2/4, -, -}
	
	1

	4. 
	{2/4, 4, 330 bp}
	
	2

	5. 
	{4, 6 , 330bp }
	
	1

	6. 
	{2/4,  - , 330bp }
	
	1

	7. 
	{2,  - , 330 bp }
	
	1

	8. 
	{5, 3 , -}
	
	1

	9. 
	{6, 3, - }
	
	1

	10. 
	{4, -, 510 bp }
	
	1

	11. 
	{5, 4, 250 & 500 bp}
	
	1

	12. 
	{4, -,  200 &500 bp}
	
	1

	13. 
	{5, 3, 380& 550 bp}
	
	3

	14. 
	{2, 7, - }
	
	4

	15. 
	{2, 7, 700&650 bp}
	
	1

	16. 
	{2/6, 4, 330, 500 bp}
	Taiwan 
	1

	17. 
	{2/4, 4/6, 330bp } 
	
	1

	18. 
	{4, 4/6, 330 bp
	
	1

	19. 
	{6, 4, 330 bp}
	
	3

	20. 
	{6, 4, 330, 500 bp}
	
	1

	21. 
	{4, 4, 330 bp }
	
	1

	22. 
	{6, 6, 330&500 bp}
	
	2

	23. 
	{6, 6, - }
	
	1

	24. 
	{6, 4/6, -}
	
	1

	25. 
	{-, 4/6, 330 bp}
	
	1

	26. 
	{8, -, -}
	China
	1

	27. 
	{-, -, 330 bp}
	Non Typable
	2

	28. 
	{-, -, 330, 500 bp}
	
	1

	29. 
	{-, -, -}
	
	1










10

  Table 2: Details of primers and PCR conditions used for VNTR analysis
	Primer
	Sequence

	Thermocycling conditions
	Number of cycles
	Reference

	ORF 94 F
	TCTACTCGAGGAGGTGACGAC
	95°C for 45 s 
55°C for 45 s 
72°C for 45 s
	35
	Pradeep et al.2008

	ORF 94R
	AGCAGGTGTGTACACATTTCATG
	
	
	

	ORF 125 F
	TGGAAACAGAGTGAGGGTCA
	95°C for 30 s 
60°C for 30 s 
72°C for 30 s
	35
	

	ORF 125 R
	CATGTCGACTATACGTTGAATCC
	
	
	

	ORF 75 F
	GCCAGATTTCTTCCCCTACC
	95°C for 45 s
 52°C for 45 s 
72°C for 45 s
	35
	

	ORF 75 R
	CTCCATGTAGAGGCAAAGCA
	
	
	









Table 3: Details of genotypes of WSSV found in various sources of samples
	S.No
	GPS Coordinates of Farm/ District
	Days 
of 
Culture
	- +
	+ +
	No of ORF 94 repeats
	 No of ORF 125 repeats 
	ORF 75 
amplicon size
	WSSV
Genotype 

	Hatchery
 source
	Outbreak or non-outbreak samples
	Host


	1
	N 10.13442 E 76.12316, Location 1 
	60
	
	++
	NA
	4
	 330 bp
	Indian
	Hatchery 1 
	Outbreak
	L. vannamei

	2
	N 10.2302012 E 76.2196905,
Location 2
	63
	
	++
	2/4
	NA
	NA
	Indian
	Hatchery 2
	Outbreak
	L. vannamei

	3
	N10.227876,  E 76.213062, Location 3
	63
	
	++
	2/4
	4
	330 bp
	Indian
	Hatchery 2
	Non-outbreak 
	P. monodon

	4
	N 10.261048 E  76.202124,
Location 4
	60
	
	++
	2/4
	4
	330 bp
	Indian
	Hatchery 1
	Non-outbreak
	L. vannamei

	5
	N 10.227798 E 76.212952, Location 5
	88
	
	++
	4
	6
	330 bp
	Indian 
	Hatchery 2
	Outbreak 
	P. monodon

	6
	N 09044.489, E 076019.834, Location 6
	60
	
	++
	2/6
	4
	330 bp & 500 bp
	Taiwan
	Hatchery 2
	Outbreak 
	P. monodon

	7
	N 10.223081 E 76.213227, Location 7
	60
	
	++
	2/4
	4/6
	330 bp
	Taiwan
	Hatchery 1
	Non-outbreak
	L. vannamei

	8
	N 10.242944 E 76.211042,
Location 8
	23
	- +
	
	4
	4/6
	330 bp
	Taiwan
	Hatchery 1
	Non-outbreak
	L. vannamei

	9
	N10.219193, E 76.235087, Location 9
	73
	- +
	
	6
	4
	330 bp
	Taiwan
	Hatchery 2
	Outbreak 
	P. monodon

	10
	N09.4924.2  E 76.18300, Location 10
	60
	
	++
	6
	4
	330 bp
	Taiwan
	Hatchery 3
	Outbreak
	P. monodon

	11
	N09.46171 E 76.19538,  
Location 11
	65
	- +
	
	6
	4
	330 bp & 500 bp
	Taiwan
	Hatchery 4
	Non-outbreak
	P. monodon

	12
	N09.819803  E 76.301905, Location 12
	67
	- +
	
	4
	4
	330 bp
	Taiwan
	Hatchery 4
	Non-outbreak
	P. monodon

	13
	N09.49295 E 76.17151, Location 13
	67
	- +
	
	2/4
	NA
	330 bp
	Indian
	Hatchery 4
	Non-outbreak
	P. monodon

	14
	N09.49413 E 76.17134,  Location 14
	67
	
	++
	NA
	NA
	330 bp
	NT
	Hatchery 4
	Outbreak
	P. monodon

	15
	N 09. 819803 E 76.301905, Location 15
	67
	
	++
	2
	NA
	330 bp
	Indian
	Hatchery 4
	Non-outbreak
	P. monodon

	16
	N09.4924  E 76.1836, 
Location 16
	67
	
	++
	NA
	NA
	330 bp
	NT
	Hatchery 4
	Non-outbreak
	P. monodon

	17
	N09.792033  E  76.338443, Location 17
	52
	
	++
	6
	4
	330 bp
	Taiwan
	Hatchery 3
	Outbreak
	P. monodon

	18
	N 09.44317 E 76.18222, Location 18
	30
	
	++
	NA
	NA
	330 bp & 500 bp
	NT
	Hatchery 5
	Non-outbreak
	P. monodon

	19
	N 09.44184 E 76.18146, Location 19
	25
	
	++
	6
	6
	330 bp & 500 bp
	Taiwan
	Hatchery 5
	Outbreak
	P. monodon

	20
	N 09.44447 E 76.17448, Location 20
	30
	
	++
	6
	6
	330 bp & 500 bp
	Taiwan
	Hatchery 5
	Non-outbreak
	P. monodon

	21
	N 09.4530 E 76.17182, Location 21
	65
	
	++
	6
	6
	NA
	Taiwan
	Hatchery 5
	Non-outbreak
	P. monodon

	22
	N 09.47004 E 76.17250, Location 22
	73
	
	++
	6
	4/6
	NA
	Taiwan
	Hatchery 5
	Non-outbreak
	P. monodon

	23
	N 09.04508 E 76.17569, Location 23
	73
	
	++
	NA
	4/6
	330 bp
	Taiwan 
	Hatchery 5
	Non-outbreak
	P. monodon

	24
	0045 (imported frozen shrimp sample)
	NA
	
	++
	5
	3
	NA
	Indian
	NA
	Non-outbreak
	NA

	25
	0102 (imported frozen shrimp sample)
	NA
	
	++
	6
	3
	NA
	Indian
	NA
	Non-outbreak
	NA

	26
	0124(imported frozen shrimp sample)
	NA
	
	++
	4
	
	510 bp
	Indian
	NA
	Non-outbreak
	NA

	27
	Location 24
N 09.49127
E 76.23259
	NA
	
	++
	5
	4
	250bp,
500bp
	Indian
	NA
	Non-outbreak
	M. rosenbergii

	28
	Location 25
N 10.182774, E 76.170520
	NA
	
	++
	8
	NA
	NA
	China 
	NA
	Non-outbreak
	NA

	29
	Location 26
N 9.965275,  E 76.237963
	NA
	
	++
	4
	NA
	200 bp, 500 bp
	Indian
	NA
	Non-outbreak
	P. monodon



	30
	Location 27
N 9.965275,  E 76.237963
	NA
	
	++
	NA
	NA
	NA
	NT
	NA
	Non-outbreak
	S. serrata
(Mudcrab)

	31
	0104 (1) (imported frozen shrimp sample)
	NA
	- +
	
	5
	3
	550 bp, 380 bp
	Indian
	NA
	Non-outbreak
	NA

	32
	0104 (2) (imported frozen shrimp sample)
	NA
	- +
	
	5
	3
	550 bp, 380 bp
	Indian
	NA
	Non-outbreak
	NA

	33
	0104 (3) (imported frozen shrimp sample)
	NA
	- +
	
	5
	3
	550 bp, 380 bp
	Indian
	NA
	Non-outbreak
	NA

	34
	0162 (imported frozen shrimp sample)
	NA
	
	++
	2
	7
	NA
	Indian
	NA
	Non-outbreak
	NA

	35
	2321 (imported frozen shrimp sample)
	NA
	-  +
	
	2
	7
	NA
	Indian
	NA
	Non-outbreak
	NA

	36
	0107 (1) (imported frozen shrimp sample)
	NA
	
	++
	2
	7
	NA
	Indian
	NA
	Non-outbreak
	NA

	37
	0107 (2) (imported frozen shrimp sample)
	NA
	-  +
	
	2
	7
	700 bp, 650 bp
	Indian
	NA
	Non-outbreak
	NA

	38
	0107 (3) (imported frozen shrimp sample)
	NA
	
	++
	2
	7
	NA
	Indian
	NA
	Non-outbreak
	NA


*NT-Non-Typable, NA- Not Available
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     Figure.1: Geographic distribution of sampling sites
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